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ABSTRACT 

This document contains supplementary material to the FAO Fisheries and Aquaculture Technical Paper 

No. 602, entitled Assessing water availability and economic social and nutritional contributions from 

inland capture fisheries and aquaculture: an indicator-based framework, and shows the results of the 

implementation of the designed framework of indicators in 18 selected countries in Africa and Asia. 

The indicator-based framework includes indicators belonging to the environmental, economic, social and 

nutritional dimensions. The environmental dimension provides information on water availability by 

assessing the extent of natural and artificial water areas with details on different water categories. The 

economic dimension considers the national fish production carried out by inland capture fisheries and 

aquaculture activities both in terms of quantity and economic value. The social dimension provides an 

overall assessment of the number of inland fishers and aquaculture farmers and their average density in 

freshwater and brackish-water areas. The nutritional dimension evaluates the quantity of proteins 

supplied by fish and other aquatic animals through fishing and aquaculture activities in freshwater and 

brackish-water areas. The indicators are proposed to be easy to interpret, robust, and applicable at the 

national as well as regional or local scales. They are designed to assess the economic, social and 

nutritional contributions provided by the inland fisheries sector to human well-being in absolute terms as 

well as in relative terms by measuring the benefits delivered per unit of water resource available. 

The proposed framework of indicators has been applied and tested in Benin, Cameroon, Chad, the Congo, 

the Democratic Republic of the Congo, Ghana, Malawi, Mali and Nigeria in Africa, and Bangladesh, 

Cambodia, China (mainland), India, the Lao’s People’s Democratic Republic, Myanmar, Sri Lanka, 

Thailand and Viet Nam in Asia. These countries have been selected for their significant inland fish 

production, intense seasonal precipitation, major river basins and important floodplain fisheries. 

This document describes each proposed indicator with details on the methodological approach 

undertaken regarding the definition and criteria for the compilation of the proposed indicators. 

In addition, for each analysed country, the framework of indicators is compiled in a self-standing country 

profile, where not only figures used for each indicators are provided, but potential available data 

sources are compared and discussed and a final qualitative three-level reliability score is assigned to 

each indicator. 

The testing of the indicator-based framework shows that a multiplicity (i.e. combined use) of indicators is 

complementary in delivering a stronger picture of the benefits derived from water use of the inland 

fisheries sector. It also points out the type of information, and reliability, that can be obtained in 

data-poor situations, and how the indicator-based framework can support the identification of major data 

gaps and possible incongruences in available statistics. 

The proposed framework and related indicators should be considered neither definitive nor 

comprehensive. Future data collection and further data review could increase the number and accuracy of 

the current indicators and thus improve the provided baseline data for fisheries management and climate 

change planning.  



v 

 

 

CONTENTS 

 

Preparation of this document ...................................................................................................................... iii 
Abstract ........................................................................................................................................................iv 

List of tables.................................................................................................................................................vi 

Acknowledgements .................................................................................................................................... xii 
Abbreviations and acronyms..................................................................................................................... xiii 
Executive summary ....................................................................................................................................xix 

 

 

1. INTRODUCTION ................................................................................................................................ 1 
2. ANALYTICAL FRAMEWORK .......................................................................................................... 6 
3. COUNTRY SELECTION .................................................................................................................... 9 
4. INDICATORS .................................................................................................................................... 12 
5. BENIN ................................................................................................................................................ 32 
6. CAMEROON ..................................................................................................................................... 46 
7. CHAD ................................................................................................................................................. 62 
8. THE REPUBLIC OF THE CONGO .................................................................................................. 72 
9. THE DEMOCRATIC REPUBLIC OF THE CONGO ........................................................................ 82 
10. GHANA .............................................................................................................................................. 96 
11. MALAWI ......................................................................................................................................... 112 
12. MALI ................................................................................................................................................ 129 
13. NIGERIA .......................................................................................................................................... 141 
14. BANGLADESH ............................................................................................................................... 154 
15. CAMBODIA .................................................................................................................................... 172 
16. CHINA – MAINLAND .................................................................................................................... 191 
17. INDIA ............................................................................................................................................... 211 
18. THE LAO PEOPLE’S DEMOCRATIC REPUBLIC ....................................................................... 228 
19. MYANMAR ..................................................................................................................................... 244 
20. SRI LANKA ..................................................................................................................................... 258 
21. THAILAND ...................................................................................................................................... 273 
22. VIET NAM ....................................................................................................................................... 292 
 

file://///RAP-SRV01/NRE/FI_INFO/FID/_FI_DOCS/CIRCULAR/C1082_coral_cc/TOPRINT%20(ONLINEONLY)/C1082_final.docx%23_Toc356303069


vi 

 

LIST OF TABLES 

  

Table 1: African countries and criteria considered in the country selection .................................................9 

Table 2: Asian countries and criteria considered in the country selection ..................................................10 

Table 3: Summary of water-related indicators, Benin ................................................................................32 

Table 4: Estimates of “inland water area” and related indicators, Benin ....................................................34 

Table 5: Estimates of the “aquaculture pond area” and related indicators, Benin ......................................34 

Table 6: Estimates of “inland capture fisheries production – quantity”, Benin ..........................................35 

Table 7: Estimates of “non-marine aquaculture production – quantity”, Benin .........................................36 

Table 8: Estimates of first-sale prices of wild caught species, Benin .........................................................36 

Table 9: Estimates of “inland capture fisheries production – value” based on official statistics, Benin ....37 

Table 10: Estimates of farmgate prices of aquaculture species, Benin .......................................................37 

Table 11: Estimates of “non-marine aquaculture production – value”, Benin ............................................37 

Table 12: Estimates of “inland fish production” in quantity and value and related indicators, Benin .......38 

Table 13: Estimates of “fish-water productivity – quantity”, Benin ...........................................................38 

Table 14: Local-level estimate of fish-water productivity by types of water resource, Benin ...................39 

Table 15: Local-level estimate of fish-water productivity by type of aquaculture system, Benin ..............39 

Table 16: Estimate of “fish-water productivity – value”, Benin .................................................................40 

Table 17: Estimates of “overall number of inland fishers and aquaculture farmers” and related indicators, 

Benin ..................................................................................................................................................41 

Table 18: Calculated number of inland fishers by type of water resource, Benin ......................................42 

Table 19: Estimates of “fish protein supplied by inland fish production” and related indicators, Benin ...42 

Table 20: Summary of water-related indicators, Cameroon .......................................................................46 

Table 21: Estimates of “inland water area” and related indicators, Cameroon ...........................................48 

Table 22: Estimates of the “aquaculture pond area” and related indicators, Cameroon .............................49 

Table 23: Estimates of “inland capture fisheries production – quantity”, Cameroon .................................50 

Table 24: Estimates of “non-marine aquaculture production – quantity”, Cameroon ................................50 

Table 25: Estimates of first-sale prices of wild caught species, Cameroon ................................................51 

Table 26: Estimates of “inland capture fisheries production – value” based on official statistics, 

Cameroon ...........................................................................................................................................51 

Table 27: Estimates of farmgate prices of aquaculture species, Cameroon ................................................52 

Table 28: Estimates of “non-marine aquaculture production – value”, Cameroon ....................................52 

Table 29: Estimates of “inland fish production” in quantity and value and related indicators, Cameroon 53 

Table 30: Estimates of “fish-water productivity – quantity”, Cameroon ....................................................53 

Table 31: Local-level estimate of fish-water productivity by types of water resource, Cameroon ............54 

Table 32: Local-level estimate of fish-water productivity by type of aquaculture system, Cameroon ......54 

Table 33: Estimate of “fish-water productivity – value”, Cameroon ..........................................................55 

Table 34: Estimates of “overall number of inland fishers and aquaculture farmers” and related indicators, 

Cameroon ...........................................................................................................................................56 



vii 

 

Table 35: Calculated number of inland fishers by type of water resource, Cameroon ...............................57 

Table 36: Estimates of “fish protein supplied by inland fish production” and related indicators, Cameroon

 ............................................................................................................................................................58 

Table 37: Summary table of water-related indicators, Chad .......................................................................62 

Table 38: Estimates of “inland water area” and related indicators, Chad ...................................................63 

Table 39: Estimates of “inland capture fisheries production – quantity”, Chad .........................................64 

Table 40: Estimates of first-sale prices of wild caught species, Chad ........................................................65 

Table 41: Estimates of “inland capture fisheries production – value” based on official statistics, Chad ...66 

Table 42: Estimates of “inland fish production” in quantity and value and related indicators, Chad ........66 

Table 43: Estimates of “fish-water productivity – quantity”, Chad ............................................................67 

Table 44: Estimate of “fish-water productivity – value”, Chad ..................................................................67 

Table 45: Estimates of “overall number of inland fishers and aquaculture farmers” and related indicators, 

Chad ...................................................................................................................................................68 

Table 46: Calculated number of inland fishers by type of water resource, Chad .......................................69 

Table 47: Estimates of “fish protein supplied by inland fish production” and related indicators, Chad ....69 

Table 48: Summary of water-related indicators, the Congo .......................................................................72 

Table 49: Estimates of “inland water area” and related indicators, the Congo ...........................................74 

Table 50: Estimates of “inland capture fisheries production – quantity”, the Congo .................................74 

Table 51: Estimates of “non-marine aquaculture production – quantity”, the Congo ................................75 

Table 52: Estimates of “inland capture fisheries production – value” based on official statistics, 

the Congo ...........................................................................................................................................75 

Table 53: Estimates of “non-marine aquaculture production – value”, based on official statistics, 

the Congo ...........................................................................................................................................76 

Table 54: Estimates of “inland fish production” in quantity and value and related indicators, the Congo 76 

Table 55: Estimates of “fish-water productivity – quantity”, the Congo ....................................................77 

Table 56: Local-level estimate of fish-water productivity by types of water resource, the Congo ............77 

Table 57: Estimate of “fish-water productivity – value”, the Congo ..........................................................77 

Table 58: Estimates of the “overall number of inland fishers and aquaculture farmers” and related 

indicators, the Congo..........................................................................................................................78 

Table 59: Calculated number of inland fishers by type of water resource, the Congo ...............................79 

Table 60: Estimates of “fish protein supplied by inland fish production” and related indicators, the Congo

 ............................................................................................................................................................80 

Table 61: Summary of water-related indicators, the Democratic Republic of the Congo ..........................82 

Table 62: Estimates of “inland water area” and related indicators, the Democratic Republic of the Congo

 ............................................................................................................................................................84 

Table 63: Estimates of the “aquaculture pond area” and related indicators, the Democratic Republic of the 

Congo .................................................................................................................................................84 

Table 64: Estimates of “inland capture fisheries production – quantity”, the Democratic Republic of the 

Congo .................................................................................................................................................85 



viii 

 

Table 65: Estimates of “non-marine aquaculture production – quantity”, the Democratic Republic of the 

Congo .................................................................................................................................................86 

Table 66: Estimates of first-sale prices of wild caught species, the Democratic Republic of the Congo ...86 

Table 67: Estimates of “inland capture fisheries production – value” based on official statistics, the 

Democratic Republic of the Congo ....................................................................................................87 

Table 68: Estimates of farmgate prices of aquaculture species, the Democratic Republic of the Congo ...88 

Table 69: Estimates of “non-marine aquaculture production – value”, the Democratic Republic of 

the Congo ...........................................................................................................................................88 

Table 70: Estimates of “inland fish production” in quantity and value and related indicators, the 

Democratic Republic of the Congo ....................................................................................................88 

Table 71: Estimates of “fish-water productivity – quantity”, the Democratic Republic of the Congo .......89 

Table 72: Local-level estimate of fish-water productivity by types of water resource, the Democratic 

Republic of the Congo........................................................................................................................89 

Table 73: Local-level estimate of fish-water productivity by type of aquaculture system, the Democratic 

Republic of the Congo........................................................................................................................90 

Table 74: Estimate of “fish-water productivity – value”, the Democratic Republic of the Congo .............91 

Table 75: Estimates of “overall number of inland fishers and aquaculture farmers” and related indicators, 

the Democratic Republic of the Congo ..............................................................................................91 

Table 76: Calculated number of inland fishers by type of water resource, the Democratic Republic of the 

Congo .................................................................................................................................................92 

Table 77: Estimates of “fish protein supplied by inland fish production” and related indicators, the 

Democratic Republic of the Congo ....................................................................................................93 

Table 78: Summary of water-related indicators, Ghana .............................................................................96 

Table 79: Estimates of “inland water area” and related indicators, Ghana .................................................98 

Table 80: Estimates of the “aquaculture pond area” and related indicators, Ghana ...................................99 

Table 81: Estimates of “inland capture fisheries production – quantity”, Ghana .....................................100 

Table 82: Estimates of “non-marine aquaculture production – quantity”, Ghana ....................................100 

Table 83: Estimates of first-sale prices of wild caught species, Ghana ....................................................101 

Table 84: Estimates of “inland capture fisheries production – value” based on official statistics, Ghana

 ..........................................................................................................................................................101 

Table 85: Estimates of “inland capture fisheries production – value” based on non-official figures, Ghana

 ..........................................................................................................................................................102 

Table 86: Estimates of farmgate prices of aquaculture species, Ghana ....................................................102 

Table 87: Estimates of “non-marine aquaculture production – value”, Ghana .........................................103 

Table 88: Estimates of “inland fish production” in quantity and value and related indicators, Ghana ....103 

Table 89: Estimates of “fish-water productivity – quantity”, Ghana ........................................................104 

Table 90: Local-level estimate of fish-water productivity by types of water resource, Ghana ................104 

Table 91: Local-level estimate of fish-water productivity by type of aquaculture system, Ghana ...........105 

Table 92: Estimate of “fish-water productivity – value”, Ghana ..............................................................105 

Table 93: Estimates of “overall number of inland fishers and aquaculture farmers” and related indicators, 

Ghana ...............................................................................................................................................106 



ix 

 

Table 94: Calculated number of inland fishers by type of water resource, Ghana ...................................107 

Table 95: Estimates of “fish protein supplied by inland fish production” and related indicators, Ghana 108 

Table 96: Summary table of water-related indicators, Malawi .................................................................112 

Table 97: Estimates of “inland water area” and related indicators, Malawi .............................................114 

Table 98: Estimates of the “aquaculture pond area” and related indicators, Malawi ...............................115 

Table 99: Estimates of “inland capture fisheries production – quantity”, Malawi ...................................116 

Table 100: Estimates of “non-marine aquaculture production – quantity”, Malawi ................................117 

Table 101: Estimates of first-sale prices of wild caught species, Malawi ................................................117 

Table 102: Estimates of “inland capture fisheries production – value” based on official statistics, Malawi

 ..........................................................................................................................................................118 

Table 103: Estimates of farmgate prices of aquaculture species, Malawi ................................................119 

Table 104: Estimates of “non-marine aquaculture production – value”, Malawi .....................................119 

Table 105: Estimates of “inland fish production” in quantity and value and related indicators, Malawi .120 

Table 106: Estimates of “fish-water productivity – quantity”, Malawi ....................................................120 

Table 107: Local-level estimate of fish-water productivity by types of water resource, Malawi .............121 

Table 108: Local-level estimate of fish-water productivity by type of aquaculture system, Malawi .......121 

Table 109: Estimate of “fish-water productivity – value”, Malawi ..........................................................122 

Table 110: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Malawi ............................................................................................................................123 

Table 111: Calculated number of inland fishers by type of water resource, Malawi ................................123 

Table 112: Estimates of “fish protein supplied by inland fish production” and related indicators, Malawi

 ..........................................................................................................................................................124 

Table 113: Summary of water-related indicators, Mali ............................................................................129 

Table 114: Estimates of “inland water area” and related indicators, Mali ................................................131 

Table 115: Estimates of “inland capture fisheries production – quantity”, Mali ......................................132 

Table 116: Estimates of “non-marine aquaculture production – quantity”, Mali .....................................132 

Table 117: Estimates of first-sale prices of wild caught species, Mali .....................................................133 

Table 118: Estimates of “inland capture fisheries production – value” based on official statistics, Mali 133 

Table 119: Estimates of “inland capture fisheries production – value” based on non-official figures, Mali

 ..........................................................................................................................................................133 

Table 120: Estimates of farmgate prices of aquaculture species, Mali .....................................................134 

Table 121: Estimates of “non-marine aquaculture production – value”, Mali ..........................................134 

Table 122: Estimates of “inland fish production” in quantity and value and related indicators, Mali .....134 

Table 123: Estimates of “fish-water productivity – quantity”, Mali .........................................................135 

Table 124: Local-level estimate of fish-water productivity by types of water resource, Mali .................135 

Table 125: Estimate of “fish-water productivity – value”, Mali ...............................................................136 

Table 126: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Mali.................................................................................................................................137 

Table 127: Calculated number of inland fishers by type of water resource, Mali ....................................137 



x 

 

Table 128: Estimates of “fish protein supplied by inland fish production” and related indicators, Mali .138 

Table 129: Summary of water-related indicators, Nigeria ........................................................................141 

Table 130: Estimates of “inland water area” and related indicators, Nigeria ...........................................143 

Table 131: Estimates of the “aquaculture pond area” and related indicators, Nigeria ..............................143 

Table 132: Estimates of “inland capture fisheries production – quantity”, Nigeria .................................144 

Table 133: Estimates of “non-marine aquaculture production – quantity”, Nigeria .................................144 

Table 134: Estimates of first-sale prices of wild caught species, Nigeria .................................................145 

Table 135: Estimates of “inland capture fisheries production – value” based on official statistics, Nigeria

 ..........................................................................................................................................................145 

Table 136: Estimates of farmgate prices of aquaculture species, Nigeria ................................................146 

Table 137: Estimates of “non-marine aquaculture production – value”, Nigeria .....................................146 

Table 138: Estimates of “inland fish production” in quantity and value and related indicators, Nigeria .147 

Table 139: Estimates of “fish-water productivity – quantity”, Nigeria ....................................................147 

Table 140: Local-level estimate of fish-water productivity by types of water resource, Nigeria .............148 

Table 141: Local-level estimate of fish-water productivity by type of aquaculture system, Nigeria .......148 

Table 142: Estimate of “fish-water productivity – value”, Nigeria ..........................................................149 

Table 143: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Nigeria ............................................................................................................................149 

Table 144: Calculated number of inland fishers by type of water resource, Nigeria ................................150 

Table 145: Estimates of “fish protein supplied by inland fish production” and related indicators, Nigeria

 ..........................................................................................................................................................151 

Table 146: Summary of water-related indicators, Bangladesh .................................................................154 

Table 147: Estimates of “inland water area” and related indicators, Bangladesh .....................................156 

Table 148: Estimates of the “aquaculture pond area” and related indicators, Bangladesh .......................156 

Table 149: Calculated “aquaculture pond area” from estimated production intensities, Bangladesh.......157 

Table 150: Estimates of “deep rice” and “lowland rice cultivated areas”, Bangladesh ............................158 

Table 151: Estimates of “inland capture fisheries production – quantity”, Bangladesh ...........................159 

Table 152: Estimates of “non-marine aquaculture production – quantity”, Bangladesh ..........................159 

Table 153: Estimates of first-sale prices of wild caught species, Bangladesh ..........................................160 

Table 154: Estimates of “inland capture fisheries production – value” based on official statistics, 

Bangladesh .......................................................................................................................................160 

Table 155: Estimates of farmgate prices of aquaculture species, Bangladesh ..........................................161 

Table 156: Estimates of “non-marine aquaculture production – value”, Bangladesh ..............................163 

Table 157: Estimates of “inland fish production” in quantity and value and related indicators, Bangladesh

 ..........................................................................................................................................................164 

Table 158: Estimates of “fish-water productivity – quantity”, Bangladesh ..............................................164 

Table 159: Local-level estimate of fish-water productivity by types of water resource, Bangladesh ......165 

Table 160: Local-level estimate of fish-water productivity by type of aquaculture system, Bangladesh.165 

Table 161: Estimate of “fish-water productivity – value”, Bangladesh ....................................................166 



xi 

 

Table 162: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Bangladesh .....................................................................................................................167 

Table 163: Calculated number of inland fishers by type of water resource, Bangladesh .........................167 

Table 164: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Bangladesh .......................................................................................................................................168 

Table 165: Summary of water-related indicators, Cambodia ...................................................................172 

Table 166: Estimates of “inland water area” and related indicators, Cambodia .......................................174 

Table 167: Estimates of the “aquaculture pond area” and related indicators, Cambodia .........................175 

Table 168: Estimates of “deep rice” and “lowland rice cultivated areas”, Cambodia ..............................176 

Table 169: Estimates of “inland capture fisheries production – quantity”, Cambodia .............................176 

Table 170: Estimates of “non-marine aquaculture production – quantity”, Cambodia ............................177 

Table 171: Estimates of first-sale prices of wild caught species, Cambodia ............................................178 

Table 172: Estimates of “inland capture fisheries production – value” based on official statistics, 

Cambodia .........................................................................................................................................179 

Table 173: Estimates of “inland capture fisheries production – value” based on non-official figures, 

Cambodia .........................................................................................................................................179 

Table 174: Estimates of farmgate prices of aquaculture species, Cambodia ............................................180 

Table 175: Estimates of “non-marine aquaculture production – value”, Cambodia .................................181 

Table 176: Estimates of “inland fish production” in quantity and value and related indicators, Cambodia

 ..........................................................................................................................................................181 

Table 177: Estimates of “fish-water productivity – quantity”, Cambodia ................................................182 

Table 178: Local-level estimate of fish-water productivity by types of water resource, Cambodia ........182 

Table 179: Local-level estimate of fish-water productivity by type of aquaculture system, Cambodia ...182 

Table 180: Estimate of “fish-water productivity – value”, Cambodia ......................................................183 

Table 181: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Cambodia ........................................................................................................................184 

Table 182: Calculated number of inland fishers by type of water resource, Cambodia ...........................185 

Table 183: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Cambodia .........................................................................................................................................186 

Table 184: Summary of water-related indicators, China ..........................................................................191 

Table 185: Estimates of “inland water area” and related indicators, China ..............................................193 

Table 186: Estimates of the “aquaculture pond area” and related indicators, China ................................194 

Table 187: Calculated “aquaculture pond area” from estimated production intensities, China ................195 

Table 188: Estimates of “deep rice” and “lowland rice cultivated areas”, China .....................................196 

Table 189: Estimates of “inland capture fisheries production – quantity”, China ....................................196 

Table 190: Estimates of “non-marine aquaculture production – quantity”, China ...................................197 

Table 191: Estimates of first-sale prices of wild caught species, China ...................................................197 

Table 192: Estimates of “inland capture fisheries production – value” based on official statistics, China

 ..........................................................................................................................................................198 

Table 193: Estimates of farmgate prices of aquaculture production, China .............................................198 



xii 

 

Table 194: Estimates of “non-marine aquaculture production – value”, China ........................................201 

Table 195: Estimates of “inland fish production” in quantity and value and related indicators, China ...202 

Table 196: Estimates of “fish-water productivity – quantity”, China .......................................................203 

Table 197: Local-level estimate of fish-water productivity by types of water resource, China ...............203 

Table 198: Local-level estimate of fish-water productivity by type of aquaculture system, China ..........204 

Table 199: Estimate of “fish-water productivity – value”, China .............................................................204 

Table 200: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, China...............................................................................................................................205 

Table 201: Calculated number of inland fishers by type of water resource, China ..................................206 

Table 202: Estimates of “fish protein supplied by inland fish production” and related indicators, China

 ..........................................................................................................................................................207 

Table 203: Summary of water-related indicators, India ............................................................................211 

Table 204: Estimates of “inland water area” and related indicators, India ...............................................212 

Table 205: Estimates of the “aquaculture pond area” and related indicators, India .................................213 

Table 206: Calculated “aquaculture pond area” from estimated production intensities, India .................214 

Table 207: Estimates of “deep rice” and “lowland rice cultivated areas”, India ......................................215 

Table 208: Estimates of “inland capture fisheries production – quantity”, India .....................................215 

Table 209: Estimates of “non-marine aquaculture production – quantity”, India ....................................216 

Table 210: Estimates of first-sale prices of wild caught species, India ....................................................216 

Table 211: Estimates of “inland capture fisheries production – value” based on official statistics, India217 

Table 212: Estimates of farmgate prices of aquaculture species, India ....................................................218 

Table 213: Estimates of “non-marine aquaculture production – value”, India .........................................219 

Table 214: Estimates of “inland fish production” in quantity and value and related indicators, India .....220 

Table 215: Estimates of “fish-water productivity – quantity”, India ........................................................220 

Table 216: Local-level estimate of fish-water productivity by types of water resource, India .................221 

Table 217: Local-level estimate of fish-water productivity by type of aquaculture system, India ...........221 

Table 218: Estimate of “fish-water productivity – value”, India ..............................................................222 

Table 219: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, India ................................................................................................................................222 

Table 220: Calculated number of inland fishers by type of water resource, India....................................223 

Table 221: Estimates of “fish protein supplied by inland fish production” and related indicators, India.224 

Table 222: Summary of water-related indicators, the Lao People’s Democratic Republic ......................228 

Table 223: Estimates of “inland water area” and related indicators, the Lao People’s Democratic Republic

 ..........................................................................................................................................................230 

Table 224: Estimates of the “aquaculture pond area” and related indicators, the Lao People’s Democratic 

Republic ...........................................................................................................................................230 

Table 225: Estimates of “deep rice” and “lowland rice cultivated areas”, the Lao People’s Democratic 

Republic ...........................................................................................................................................231 



xiii 

 

Table 226: Estimates of “inland capture fisheries production – quantity”, the Lao People’s Democratic 

Republic ...........................................................................................................................................232 

Table 227: Estimates of “non-marine aquaculture production – quantity”, the Lao People’s Democratic 

Republic ...........................................................................................................................................233 

Table 228: Estimates of first-sale prices of wild caught species, the Lao People’s Democratic Republic

 ..........................................................................................................................................................233 

Table 229: Estimates of “inland capture fisheries production – value” based on official statistics, the Lao 

People’s Democratic Republic .........................................................................................................234 

Table 230: Estimates of “inland capture fisheries production – value” based on non-official figures, the 

Lao People’s Democratic Republic ..................................................................................................234 

Table 231: Estimates of farmgate prices of aquaculture species, the Lao People’s Democratic Republic

 ..........................................................................................................................................................234 

Table 232: Estimates of “non-marine aquaculture production – value”, the Lao People’s Democratic 

Republic ...........................................................................................................................................236 

Table 233: Estimates of “inland fish production” in quantity and value and related indicators, the Lao 

People’s Democratic Republic .........................................................................................................236 

Table 234: Estimates of “fish-water productivity – quantity”, the Lao People’s Democratic Republic ..237 

Table 235: Local-level estimate of fish-water productivity by types of water resource, the Lao People’s 

Democratic Republic ........................................................................................................................237 

Table 236: Local-level estimate of fish-water productivity by type of aquaculture system, the 

Lao People’s Democratic Republic ..................................................................................................238 

Table 237: Estimate of “fish-water productivity – value”, the Lao People’s Democratic Republic.........238 

Table 238: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, the Lao People’s Democratic Republic ..........................................................................239 

Table 239: Calculated number of inland fishers by type of water resource, the Lao People’s Democratic 

Republic ...........................................................................................................................................240 

Table 240: Estimates of “fish protein supplied by inland fish production” and related indicators, the Lao 

People’s Democratic Republic .........................................................................................................241 

Table 241: Summary of water-related indicators, Myanmar ....................................................................244 

Table 242: Estimates of “inland water area” and related indicators, Myanmar ........................................245 

Table 243: Estimates of the “aquaculture pond area” and related indicators, Myanmar ..........................246 

Table 244: Estimates of “deep rice” and and “lowland rice cultivation areas”, Myanmar .......................247 

Table 245: Estimates of “inland capture fisheries production – quantity”, Myanmar ..............................247 

Table 246: Estimates of “non-marine aquaculture production – quantity”, Myanmar .............................248 

Table 247: Estimates of first-sale prices of wild caught species, Myanmar .............................................249 

Table 248: Estimates of “inland capture fisheries production – value” based on official statistics, 

Myanmar ..........................................................................................................................................249 

Table 249: Estimates of farmgate prices of aquaculture species, Myanmar .............................................249 

Table 250: Estimates of “non-marine aquaculture production – value”, Myanmar ..................................250 

Table 251: Estimates of “inland fish production” in quantity and value and related indicators, Myanmar

 ..........................................................................................................................................................251 

Table 252: Estimates of “fish-water productivity – quantity”, Myanmar .................................................251 



xiv 

 

Table 253: Local-level estimate of fish-water productivity by types of water resource, Myanmar .........252 

Table 254: Local-level estimate of fish-water productivity by type of aquaculture system, Myanmar ....252 

Table 255: Estimate of “fish-water productivity – value”, Myanmar .......................................................253 

Table 256: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Myanmar.........................................................................................................................254 

Table 257: Calculated number of inland fishers by type of water resource, Myanmar ............................254 

Table 258: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Myanmar ..........................................................................................................................................255 

Table 259: Summary of water-related indicators, Sri Lanka ....................................................................258 

Table 260: Estimates of “inland water area” and related indicators, Sri Lanka ........................................260 

Table 261: Estimates of the “aquaculture pond area” and related indicators, Sri Lanka ..........................261 

Table 262: Estimates of “deep rice” and “lowland rice cultivated areas”, Sri Lanka ...............................261 

Table 263: Estimates of “inland capture fisheries production – quantity”, Sri Lanka ..............................262 

Table 264: Estimates of “non-marine aquaculture production – quantity”, Sri Lanka .............................263 

Table 265: Estimates of first-sale prices of wild caught species, Sri Lanka .............................................263 

Table 266: Estimates of “inland capture fisheries production – value” based on official statistics, 

Sri Lanka ..........................................................................................................................................263 

Table 267: Estimates of farmgate prices of aquaculture species, Sri Lanka .............................................264 

Table 268: Estimates of “non-marine aquaculture production – value”, Sri Lanka .................................265 

Table 269: Estimates of “inland fish production” in quantity and value and related indicators, Sri Lanka

 ..........................................................................................................................................................265 

Table 270: Estimates of “fish-water productivity – quantity”, Sri Lanka .................................................266 

Table 271: Local-level estimate of fish-water productivity by types of water resource, Sri Lanka .........266 

Table 272: Local-level estimate of fish-water productivity by type of aquaculture system, Sri Lanka....267 

Table 273: Estimate of “fish-water productivity – value”, Sri Lanka .......................................................268 

Table 274: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Sri Lanka ........................................................................................................................268 

Table 275: Calculated number of inland fishers by type of water resource, Sri Lanka ............................269 

Table 276: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Sri Lanka ..........................................................................................................................................270 

Table 277: Summary of water-related indicators, Thailand ......................................................................273 

Table 278: Estimates of “inland water area” and related indicators, Thailand .........................................275 

Table 279: Estimates of the “aquaculture pond area” and related indicators, Thailand ...........................276 

Table 280: Calculated “aquaculture pond area” from estimated production intensities, Thailand ...........277 

Table 281: Estimate of the “deep rice” and “lowland rice cultivated areas”, Thailand ............................277 

Table 282: Estimates of “inland capture fisheries production – quantity”, Thailand ...............................278 

Table 283: Estimates of “non-marine aquaculture production – quantity”, Thailand ..............................279 

Table 284: Estimates of first-sale prices of wild caught species, Thailand ..............................................280 



xv 

 

Table 285: Estimates of “inland capture fisheries production – value” based on official statistics, Thailand

 ..........................................................................................................................................................280 

Table 286: Estimates of “inland capture fisheries production – value” based on non-official figures, 

Thailand ............................................................................................................................................281 

Table 287: Estimates of farmgate prices of aquaculture species, Thailand ..............................................281 

Table 288: Estimates of “non-marine aquaculture production – value”, Thailand ...................................282 

Table 289: Estimates of “inland fish production” in quantity and value and related indicators, Thailand

 ..........................................................................................................................................................284 

Table 290: Estimates of “fish-water productivity – quantity”, Thailand ..................................................284 

Table 291: Local-level estimate of fish-water productivity by types of water resource, Thailand ...........285 

Table 292: Local-level estimate of fish-water productivity by type of aquaculture system, Thailand .....285 

Table 293: Estimate of “fish-water productivity – value”, Thailand ........................................................285 

Table 294: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Thailand ..........................................................................................................................286 

Table 295: Calculated number of inland fishers by type of water resource, Thailand..............................287 

Table 296: Estimates of “fish protein supplied by inland fish production” and related indicators, Thailand

 ..........................................................................................................................................................288 

Table 297: Summary of water-related indicators, Viet Nam ....................................................................292 

Table 298: Estimates of “inland water area” and related indicators, Viet Nam ........................................294 

Table 299: Estimates of the “aquaculture pond area” and related indicators, Viet Nam ..........................295 

Table 300: Calculated “aquaculture pond area” from estimated production intensities, Viet Nam..........296 

Table 301: Estimates of “deep rice” and “lowland rice cultivated areas”, Viet Nam ...............................297 

Table 302: Estimates of “inland capture fisheries production – quantity”, Viet Nam ..............................297 

Table 303: Estimates of “non-marine aquaculture production – quantity”, Viet Nam .............................298 

Table 304: Estimates of first-sale prices of wild caught species, Viet Nam .............................................298 

Table 305: Estimates of “inland capture fisheries production – value” based on official statistics, 

Viet Nam ..........................................................................................................................................299 

Table 306: Estimates of “inland capture fisheries production – value” based on non-official figures, 

Viet Nam ..........................................................................................................................................299 

Table 307: Estimates of farmgate prices of aquaculture species, Viet Nam .............................................300 

Table 308: Estimates of “non-marine aquaculture production – value”, Viet Nam .................................301 

Table 309: Estimates of “inland fish production” in quantity and value and related indicators, Viet Nam

 ..........................................................................................................................................................302 

Table 310: Estimates of “fish-water productivity – quantity”, Viet Nam .................................................302 

Table 311: Local-level estimate of fish-water productivity by types of water resource, Viet Nam .........303 

Table 312: Local-level estimate of fish-water productivity by type of aquaculture system, Viet Nam....303 

Table 313: Estimate of “fish-water productivity – value”, Viet Nam .......................................................304 

Table 314: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Viet Nam ........................................................................................................................305 

Table 315: Calculated number of inland fishers by type of water resource, Viet Nam ............................306 



xvi 

 

Table 316: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Viet Nam ..........................................................................................................................................306 



xvii 

 

ACKNOWLEDGEMENTS 

 

The authors wish to thank all experts within FAO that have provided insights and inputs to the present 

study. Since the document conveys results based on several different statistics on water availability, 

economic, social and nutritional aspects, the compilation of the indicator-based framework has been 

possible thanks to many different FAO colleagues who generously shared their data knowledge and 

expertise. In particular, the authors wish to thank Simon Funge-Smith, Luca Garibaldi, Devin Bartley and 

David Lymer for discussion and inputs on the existing divergence in inland capture fisheries statistics, 

Xiaowei Zhou for his assistance and for sharing his comprehensive understanding on aquaculture 

statistics, Gabriella Laurenti and Stefania Vannuccini for fruitful discussion on nutritional indicators and 

the relationship with FAO food balance sheets, Fernando Jara and Raimon Sfeir for helping with FAO 

data on employment, Sara Montanaro for her assistance on fisheries statistics and the FAO-FishStatJ 

database, Luca Garibaldi, Hassan Mohamad, Stefania Vannuccini for inputs and discussion on first-sale 

and farmgate prices, Sergei Khomenko, Jeff Jenness, Mario De Bloise, Laura d’Aietti and Ilaria Rosati 

for backing on maps and satellite images to derive water areas, Georgia De Santis for assistance on 

FAOSTAT statistics of inland waters, Armand Gribling and Maria Kalentšits for searching and making 

available several publications. 

 

Beyond FAO, the authors wish to thank Friday Njaya for feedback on fisheries statistics in Malawi, 

Ishmael Kosamu, Gabriel Kombozi Limbeya Bolomo for information on aquaculture statistics in the 

Democratic Republic of the Congo, Yaw Ansah for deriving an estimate for the aquaculture pond area in 

Ghana, Jayantha Chandrasoma for sharing information on perennial reservoirs in Sri Lanka, Philippe 

Lalèyè for feedback on compiled statistics in Benin, the Royal Fish Benin, West African Fish Ltd and 

Royal Danish Fish in Ghana for sharing data on their aquaculture production, Suresh Chandra and Salim 

Shyam for sharing information on fish prices in India, and Marian Amu-Mensah in Ghana and all authors 

who promptly shared electronic versions of their papers. 

 

Gratitude to Jennifer Gee and Kristine Sallet for reading and editing earlier versions of the text, and 

finally a special acknowledgement to Nagayoshi Hotta for formatting the final bulky version of this 

document with great patience and dedication. Further, we would like to express our sincere thanks to the 

editor, Maria Giannini, for the layout of the report. 

 



xviii 

 

ABBREVIATIONS AND ACRONYMS 

CNES Centre National d’Etudes Spatiales 

ESA European Space Agency 

ETM Enhanced Thematic Mapper 

FAO Food and Agriculture Organization of the United Nations 

FAOSTAT FAO statistical database (information system on water and agriculture) 

GIS Geographic Information System 

GLS Global Land Survey 

GLWD Global Lakes and Wetlands Database 

HLPE High Level Panel of Experts on Food Security and Nutrition 

IDAF Integrated Development of Artisanal Fisheries  

IFAD International Fund for Agricultural Development 

IPCC Intergovernmental Panel on Climate Change 

ISSCAAP International Standard Statistical Classification of Aquatic Animals and Plants 

LANDSAT Land Remote-Sensing Satellite 

LCCS Land Cover Classification System 

MERIS Medium Resolution Imaging Spectrometer 

NASA National Aeronautics and Space Administration 

NGO non-governmental organization 

OEPP Office of Environmental Policy and Planning 

PAF Partnership for African Fisheries 

SEAFDEC Southeast Asian Fisheries Development Center 

TM Thematic Mapper 

UN United Nations 

UNESCO United Nations Educational, Scientific and Cultural Organization 

US$ United States dollar (currency of the United States of America) 

WCMC World Conservation Monitoring Centre 



xix 

 

EXECUTIVE SUMMARY 

 

Freshwater and brackish-water resources are essential for inland capture fisheries and non-marine 

aquaculture activities. However, the inland fisheries sector often stands in a very weak position in the 

debate on water allocation and water use. This may, in part, be explained by the fact that the inland 

fisheries sector is not always able to quantify how much water is needed for the maintenance of its 

activities and to measure its contributions in water-related measurements that are used in water 

management discussions. 

 

Climate change is increasing the natural variation of water availability in many countries. 

Decreased availability of freshwater and brackish-water resources is likely to produce increased 

intersectorial pressures and trade-offs on water use and water management among sectors. Every sector 

should engage in the water policy arena with improved accountability of the resources used by the sector 

and improved understanding of present and future impacts of water availability variation. This 

information will facilitate integrated water management and climate change adaptation and planning. 

 

The importance of water resources for the inland fisheries sector has usually been neither 

adequately highlighted nor reflected by indicator-based assessments. Many governments and 

international organizations with an interest in aquatic resources have endorsed indicator-based 

approaches to water management and informed policy dialogue. There is a clear demand for water-related 

indicators relevant to the inland fisheries sector. However, the assessment of water resources used by the 

inland fisheries sector is more complicated than it might appear. There is a substantial data gap in the 

inventory of water resources at the country level and overcoming such data paucity poses a few 

methodological challenges.  

 

Aims and objectives: developing a framework of water-related indicators. A framework of indicators 

relevant at the national scale and applicable to both inland capture fisheries and aquaculture has been 

selected to cover the environmental, economic, social and nutritional dimensions. 

 

Under the environmental dimension, the water availability assessment provides a joint assessment of the 

current natural and artificial water areas for different water categories occurring in a given country. The 

economic dimension considers the national fish production conveyed by inland capture fisheries and 

aquaculture activities and the fish-water productivity both in terms of quantity and economic value. The 

social dimension provides assessment of the overall number and density of inland fishers and aquaculture 

farmers and their dependency on existing freshwater and brackish-water areas. The nutritional dimension 

evaluates the quantity of proteins supplied by fishing and aquaculture activities in these freshwater and 

brackish-water areas. 

 

Methodology development: characteristics of national-level indicators. The indicators have been 

identified to be: (i) applicable to inland capture fisheries and aquaculture; (ii) easy to interpret; 

(iii) robust; and (iv) multi-scale, and therefore applicable at national as well as regional or local scales. 

All identified indicators are descriptive as they are not specifically related to any policy target.  

 

The proposed framework includes three typologies of indicators. The first typology regards basic 

physical descriptive indicators relating to water availability and fish production. The second typology 

measures the benefits conveyed by the activities of the inland fisheries sector in absolute terms, such as 

the total amount of fish, value, protein, and engagement in the primary sector derived through the sector. 

The third typology considers relative benefits in terms of “water productivity” indicators measuring the 

benefits delivered through fisheries and aquaculture per unit of water resource available. 

 

In a scenario of increased climate variability and climate change, the indicator-based framework could 

show what would be the average loss or gain per unit of available water resource recorded in terms of 

economic, social and nutritional contributions provided by the inland fisheries sector and hence can help 

to understand vulnerability of the sector to changes in water availability.  
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These indicators may also be used in climate scenario and water management discussions, as they 

provide sector-specific information in units of measure commonly used in the water management world. 

 

Methodology development: list of identified national-level indicators 

 

 Inland water area: assesses the amount of freshwater and brackish-water resources available in a 

given country and is constituted by the sum of “permanent inland waters” and “seasonally flooded 

areas”. This indicator is useful in providing a unified assessment of different potential aquatic 

habitats for fish and other aquatic organisms.  

 Percentage of inland water over country area: assesses the relative extent of different habitats 

for fish and other aquatic organisms in the overall country area. This indicator is useful for 

cross-country comparisons and in showing the relevance of the “inland water area”. 

 Percentage of permanent inland water over inland water area: assesses the relative extent of 

“permanent inland waters” in the overall country area. This indicator is useful for providing 

indications of climate change impacts and for water management and planning. 

 Inland water area and aquaculture pond area: assesses the overall extent of water areas 

important to maintain inland capture fisheries and aquaculture activities. This indicator is the core 

element related to the water availability assessment able to bridge the diversity of activities of the 

inland fisheries sector. 

 Deep rice cultivated area: assesses the area covered by deep rice cultivation. This indicator has 

been experimentally compiled to test its use as a proxy for traditional rice-fish integrated systems. 

 Lowland rice cultivated area: assesses the area covered by deep rice and rainfed and irrigated 

paddy fields. The indicator has been experimentally compiled to test its use as a proxy for areas 

potentially interested by rice-fish integrated systems. 

 Inland fish production – quantity: assesses the overall amount of fish and other aquatic 

organisms caught or farmed from the available “inland water area and aquaculture pond area”. This 

indicator is useful in showing the economic importance of water availability for the inland capture 

fisheries and aquaculture activities. 

 Inland fish production – value: assesses the monetary value, expressed in United States dollars, of 

the “inland fish production – quantity” on the basis of producer prices for species and species 

groups reported in each analysed country. This indicator is useful in showing the economic 

importance of water availability for the inland capture fisheries and aquaculture activities. 

  Aquaculture contribution to inland fish production – quantity: assesses the share of the 

average annual quantity of “inland fish production” conveyed by aquaculture. This indicator is 

useful for cross-country comparison and for monitoring the development of aquaculture over time 

in a given country. 

 Aquaculture contribution to inland fish production – value: assesses the proportion of value of 

the “inland fish production – value” conveyed by aquaculture. This indicator is useful for 

cross-country comparison and for monitoring the economic contribution of aquaculture over time in 

a given country. 

 Fish-water productivity – quantity: assesses the average quantity of fish per unit of water 

resource harvested and/or farmed from the available “inland water area and aquaculture pond area”. 

This indicator is useful for cross-country comparison and for climate change scenario analysis by 

showing the average quantity of fish per unit of water resource that could be affected by a potential 

change in water availability. 

 Fish-water productivity – value: assesses the average value of fish per unit of water resource 

harvested and/or farmed from the available “inland water area and aquaculture pond area”. This 

indicator is useful for cross-country comparison and for climate change scenario analysis by 

showing the average value of one hectare of water and potential losses or gains related to a potential 

change in water availability. 

 Overall number of inland fishers and aquaculture farmers: assesses the number of inland 

fishers and aquaculture farmers in a given country. This indicator is useful in showing the social 

relevance of water availability for the inland capture fisheries and aquaculture activities. 
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 Average density of overall inland fishers and aquaculture farmers: assesses, on average, how 

many people per square kilometre rely on fishing and aquaculture. This indicator is useful for 

cross-country comparison and for climate change scenario analysis by assessing the average 

number of people that could be affected by a potential change of available water resources. 

 Calculated number of inland fishers based on the extent of different types of inland waters: 

assesses the median and maximum number of inland fishers calculated in a country on the basis of 

the extent of different water resources and the average densities of fishers estimated, respectively, 

in Africa or Asia, in different types of inland waters. This indicator is useful in evaluating whether 

the order of magnitude of the reported number of inland fishers and aquaculture farmers seems 

calibrated to the extent of the “inland water area” in a given country. 

 Fish protein supplied by inland fish production: assesses the average fish protein content 

provided annually by inland capture fisheries and aquaculture in a given country. This indicator is 

useful in showing the importance of nutrition in water made available to the inland capture fisheries 

and aquaculture activities. 

 Fish-protein water productivity: assesses the average quantity of fish protein per unit of water 

resource harvested and/or farmed from the available “inland water area and aquaculture pond area”. 

This indicator is useful for cross-country comparison and for climate change scenario analysis by 

showing the average quantity of proteins per unit of water resource that could be gained or lost 

through a potential change in water availability. 

 

Testing the methodological approach: country selection 

The test of the framework of indicators and the proposed methodology used for the indicator compilation 

has been carried out in nine African countries (Benin, Cameroon, Chad, the Congo, the Democratic 

Republic of the Congo, Ghana, Mali, Nigeria and Malawi) and nine Asian countries (Bangladesh, 

Cambodia, China, India, the Lao People’s Democratic Republic, Myanmar, Sri Lanka, Thailand and 

Viet Nam). The countries have been selected because of their significant inland fish production, intense 

seasonal precipitation, and major river basins and important floodplain fisheries.  

 

Results: overview on analysed African countries                                
One of the basic indicators of water availability is constituted by the “inland water area”. In the African 

countries, the compilation of the “inland water area” indicator has been easier in countries characterized 

by large lakes or reservoirs, whose area is more easily accounted for in both GIS and non-GIS sources. In 

general, the most critical feature in the water availability assessment concerns the river component. 

Usually, information on the area occupied by rivers is very limited. The methodology used in this study 

uses the extent of “seasonally flooded areas” to partially compensate for the potential underestimate of 

the area occupied by rivers within “permanent inland waters”. The degree to which such compensation 

occurs varies on a country basis. 

 

Country size varies greatly among the nine analysed African countries. The Democratic Republic of the 

Congo is characterized by a country size of over 2 million km2 and thus about 21 times larger than Benin 

and Malawi, which are the smallest countries in this study. 

 

Hence the need to use the “percentage of inland water over country area” for cross-country comparison. 

The assessment of the “inland water area and aquaculture pond area” indicator is mostly driven by the 

values recorded for the “inland water area” indicator. In all African countries, information on the 

“aquaculture pond area” is often lacking; therefore, the “inland water area and aquaculture pond area” 

indicator is substantially the same as the “inland water area” indicator. This lack of information is due to 

the occurrence of subsistence and small-scale aquaculture, which would require a systematic inventory of 

aquaculture facilities at the household level. Moreover, in most analysed African countries, the number of 

active, inactive and rehabilitated aquaculture ponds has fluctuated over time according to the investment 

funds in place and the political and economic situation. 
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In fact, in most analysed African countries, aquaculture is still poorly developed and often provides only 

a very minor contribution to the overall national inland fish production. The only exception is by Nigeria, 

which has the largest volume of aquaculture production in Africa. 

 

It should also be noted that in Benin, Cameroon, the Democratic Republic of the Congo and Mali, 

aquaculture is often carried out in traditional aquaculture systems called “whedos” or “mares”, which are 

ditch-like depressions in connection to the river network that are seasonally flooded and remain filled 

with water when the flooded areas recede. Although there is no information on their extent, these areas 

should also be included in the “aquaculture pond area” assessment. Another traditional aquaculture 

method called “acadjas” uses poles and branches to create enclosures in lakes and lagoons where fish are 

raised. This aquaculture system is essentially an artisanal cage culture, which can provide relevant “fish 

water productivity” values. It is not explicitly stated in official statistics if fish production from these 

traditional aquaculture systems is accounted as inland capture fisheries or aquaculture production.  

 

For this reason, in the analysed African countries having a combined assessment of the overall “inland 

fish production”, which includes both inland capture fisheries and aquaculture production, constitutes a 

more robust approach. The assessment of “inland fish production” in quantity and value is key for the 

economic assessment of this study. Official statistics related to the amount of “inland fish production” are 

often affected by some data gaps and thus a degree of uncertainty, though this varies on a country basis. 

Therefore, it was useful to collect ancillary information on the fish production recorded in major fishing 

areas, and these regional estimates were used as a baseline reference figure to assess the accuracy of the 

“inland fish production” at the national level. 

 

In the nine African countries, fish caught in major fishing areas – such as Lake Nokué in Benin, Lake 

Volta in Ghana, the Waza-Logone flooded areas and Lake Chad in Cameroon, the Inner Niger Delta in 

Mali, the four major waterbodies (Lake Malawi, Lake Malombe, Lake Chilwa and Lake Chiuta) and 

flooded areas of the Shire River in Malawi – often represents a considerable share of the overall “inland 

fish production”. It should be noted that in several countries incidents of overfishing in different areas 

have been reported in the literature, but these negative trends are not indicated in the time series of 

official statistics related to “national inland capture fisheries production”. One of the most important 

indicators compiled for this study is the assessment of the economic value of the “inland fish production”, 

which is extremely important for the proper consideration of the inland fisheries sector. 

 

This assessment has been carried out using the reported/estimated first-sale price of fish sold at landings 

and on the reported/estimated farmgate prices of fish sold at aquaculture facilities. Available information 

on fish prices is scanty and the compilation of this indicator has required a substantial data mining effort. 

 

The compilation of the “fish-water productivity – value” indicator has been useful in assessing the 

average value in United States dollars of one hectare of surface water available to the inland fisheries 

sector in a given country based on producer prices. As expected, the highest “fish-water productivity –

values” are recorded in Nigeria and Ghana (over US$150/ha) given the greater development of 

aquaculture in these countries and the fact that usually the prices of farmed species are higher than wild 

caught species. Mali also recorded a higher annual “fish-water productivity – value” (US$30/ha) 

compared with Cameroon, Chad, the Democratic Republic of the Congo and Malawi (about US$20/ha). 

The values of this indicator is affected by the recorded variation in prices as well as by the “inland fish 

production – quantity” estimated in terms of tonnes. 

 

One of the major data gaps encountered concerns the information needed to compile the “overall number 

of inland fishers and aquaculture farmers” indicator. Estimates of the number of people engaged in 

fishing and aquaculture activities are particularly challenging as there is a large occurrence of artisanal 

subsistence fishing activities, which are usually not reflected in official statistics of employment. Data on 

employment are scanty and often not updated. In the nine African countries, the “overall number of 

fishers and aquaculture farmers” is often within or above the “calculated number of inland fishers based 

on the extent of different types of inland waters”. Among African countries, anomalous large values of 

the “overall number of fishers and aquaculture farmers” are reported in Chad and Mali considering that 
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they are scarcely populated countries. A large value of inland fishers is also reported for Nigeria, 

suggesting in this case a potential inclusion also of coastal fishers.   

 

The Congo and the Democratic Republic of the Congo show the lowest “average density of overall inland 

fishers and aquaculture farmers” among the analysed nine African countries. Not only are these countries 

characterized by a large extent of “inland water area”, but they are for the most part inhospitable and 

inhabited at a very low density. However, on the basis of different characteristics of these countries, a 

higher “average density of overall inland fishers and aquaculture farmers” would be expected in the 

Democratic Republic of the Congo compared with the Congo. This pattern is currently not reflected in 

the available data. 

 

Chad, Ghana and Malawi are also characterized by a relatively low “average density of overall inland 

fishers and aquaculture farmers”, which is recorded between 4 and 6 people/km2. In these countries, 

subsistence fishing and aquaculture activities are very common. It is likely that a substantial number of 

people engaged in fishing and aquaculture activities are currently not included in official statistics of 

inland fishers and aquaculture farmers. Therefore, the values recorded for the “average density of overall 

inland fishers and aquaculture farmers” are likely to change with improved statistics in the degree with 

which fishing and aquaculture activities provide employment and support livelihoods. 

 

In the analysed African countries, the “fish protein supplied by inland fish production” is almost 

exclusively constituted by the catch of freshwater and diadromous fish species, as there is no information 

reported on the share of the “inland fish production” constituted by crustaceans, molluscs and other 

aquatic animals. Except for Nigeria and to a smaller extent Ghana, the greater contribution to protein 

supply is provided by inland capture fisheries production. The recorded values of “fish-protein water 

productivity” in the nine African countries show that one hectare of water available for fishing and 

aquaculture activities is able to convey, on average, between 5 and 10 kg of fish proteins. 

 

The importance of this protein supply is highly valuable for many rural communities in these African 

countries, where other types of animal protein are rarely consumed because either they are not readily 

available or they are available at relatively higher or prohibitive prices. The outcome of the nutritional 

indicators points out the importance of artisanal fisheries for subsistence and food security 

 

Results: overview on the analysed Asian countries 

 

The assessment of water availability varies greatly among the analysed Asian countries both considering 

the size and the diversity of water resources that characterize the different countries. China has a huge 

country area with tremendous climatic diversity, which determines that its massive water resources are 

unevenly distributed and mostly concentrated in the southern and western part of the country. The 

inventory of water resources over such a large country area is extremely challenging, as it is likely that 

only major surface waters are currently reflected in the available statistics. A similar problem affects the 

assessment of water resources in India. Differently, Bangladesh presents less climatic and topographic 

diversity since it is basically constituted by the alluvial huge delta created by the Ganges-Padma, Meghna 

and Jamuna-Brahmaputra Rivers, which create widespread “seasonally flooded areas”. Sri Lanka is a 

tropical island characterized by a radial network of rivers originating from the central highlands and by 

an ancient system of channels and artificial reservoirs. Cambodia, Myanmar, the Lao People’s 

Democratic Republic and Viet Nam belong to the Mekong River Basin, with the Mekong River 

representing the longest river in southeastern Asia, renowned for its great fish-water productivity, its 

seasonal flow fluctuations, the diversity of associated inundated wetlands, and its large delta created 

before its waters flow into the South China Sea. 

 

In absolute terms, China, Myanmar and India show values of “inland water area” notably higher than 

Bangladesh, Viet Nam, Thailand and Cambodia, while the Lao People’s Democratic Republic and 

Sri Lanka are the countries recording the lowest extent of “inland water area”. However, this trend is 

clearly affected by the different country sizes shown by the analysed countries. In fact, China and India 
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record the lowest “percentage of inland water over country area”, while Bangladesh stands out as 

recording the highest “percentage of inland water over country area” among all nine Asian countries. 

 

Since the assessment of the “inland water area” includes both the extent of “permanent inland waters” 

and “seasonally flooded areas”, countries such as Bangladesh, Cambodia, Myanmar and Viet Nam 

characterized by extensive seasonally flooded areas also show a relatively high “percentage of inland 

water over country area”. 

 

On the contrary, countries such as China, India, Sri Lanka and Thailand show a relatively high 

“percentage of permanent inland water over inland water area” since they are characterized by a lower 

extent of “seasonally flooded areas”. This occurs because the existing river networks have become highly 

regulated, artificial river banks are built to contain small floods, the main river flow is often diverted in 

reservoirs, and irrigation channels and consequently the occurrence of seasonal floods is quite restricted 

in space and time. Differently, Cambodia also presents a relatively low “percentage of permanent inland 

water over inland water area” due to the impressive seasonality of Tonlé Sap Lake, which during the wet 

season floods its surroundings, increasing the area covered by water five to six times the size recorded 

during the dry season. 

 

In the analysed nine Asian country, some information on aquaculture ponds is available at the country 

level with different degrees of accuracy. Spatially, comprehensive inventories of water areas used for 

aquaculture activities require a fine-grained inventory from satellite imagery or detailed information 

coming from census surveys. In fact, the more aquaculture activities are carried at the household level, 

the more likely it is that their extent will be unreported in national aquaculture statistics. 

 

Among the nine Asian countries, the highest extent of aquaculture ponds are reported in India, followed 

by Viet Nam, Bangladesh and China. The country with the lowest reported extent of “aquaculture pond 

area” is Cambodia. It should be noted, however, that cage culture is also very common in Cambodia as 

well as in other countries of the Mekong River Basin. Floating cages are commonly used for growing fish 

to market size and for transporting the product to the marketplace. Currently, the limited available 

information did not provide information on the area of cage culture, but since the cages are placed in 

natural inland waters, their extent will be covered by the “inland water area” estimation. In these Asian 

countries, the “deep rice cultivated area” and “lowland rice cultivated area” have been tested as a proxy 

for the traditional rice-fish integrated system. However, given the great divergence between the two 

indicators and the variability of values reported by different sources, these indicators are only used to 

pinpoint the need for more updated and comprehensive information on the rice-fish integrated system. 

 

Among all the analysed Asian country, China is the greatest fish producer with an annual “inland fish 

production” exceeding 2.6 billion tonnes, which is five times the “inland fish production” of India, ten 

times the official estimate of “inland fish production” of Viet Nam and Bangladesh, and fifteen times the 

“inland fish production” of Myanmar. 

 

In four countries belonging to the Mekong River Basin, i.e. Cambodia, the Lao People’s Democratic 

Republic, Thailand and Viet Nam, the “inland fish production” indicator is composed of a range of values 

that include the official statistics and non-official estimates of fish production. 

 

In the case of the Lao People’s Democratic Republic, non-official estimates are more than two times the 

quantity reported by official statistics; in Thailand, Cambodia and Viet Nam, they are more than one and 

a half times the quantity reported by official statistics. As for Myanmar, there are indications that point 

out the likelihood of inflated official statistics. 

 

Since there is actually no overall consensus on the amount of “inland fish production” in Mekong River 

countries, the value of the “inland fish production” points out the current divergence in the existing 

estimates and the consequent level of uncertainty. 
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The assessment of the economic value of “inland fish production” is extremely challenging given the 

large quantities of fish produced both by inland capture fisheries and aquaculture, the diversity of species 

captured but especially farmed, the difference in price between captured and farmed species, and the 

country-basis differences such as the taste or cultural significance of different fish species. 

 

In particular, the wide range of values of the “inland fish production – value” indicator estimated in the 

analysed Asian countries shows the importance of the calibration of price used in this market valuation. 

Aquaculture is developed in all the nine Asian countries to a far greater extent than in the analysed 

African countries, and its contribution to the overall “inland fish production” varies on a country basis. In 

China, India and Viet Nam, aquaculture production greatly exceeds inland capture fisheries production, 

as shown by the high values of the “aquaculture contribution to inland fish production” indicator. In 

Myanmar and Thailand, aquaculture production is about half of the overall “inland fish production”, 

while definitively aquaculture provides only a minor contribution to “inland fish production” in the 

Lao People’s Democratic Republic. 

 

In Cambodia, China and Myanmar, wild caught fish species have higher prices than farmed fish species. 

In the other analysed countries, this price trend seems reversed. In general terms, aquaculture production 

tends to have a relatively higher economic value than inland capture fisheries production given that 

high-value species such as shrimps, crabs and prawns and fish species with high commercial value are 

often farmed in significant quantities. 

 

As expected, the higher estimates of the “fish-water productivity – value” are assessed in countries such 

as China, Viet Nam, Bangladesh and India that also show the highest “aquaculture contribution to inland 

fish production”. The slightly lower value of “fish-water productivity – value” in India compared with 

Bangladesh and Viet Nam is likely to be driven by a more accurate assessment of the “aquaculture pond 

area” in the country. Countries of the Lower Mekong Basin such as Cambodia, the Lao People’s 

Democratic Republic, Thailand and Viet Nam for which the “inland fish production” is constituted of a 

range of values also show a corresponding range of values in the “fish-water productivity” indicator. 

 

The analysed Asian countries are highly populated countries in which fishing and aquaculture activities 

are quite common in supporting people’s livelihoods. The comprehensiveness of the information related 

to the “overall number of inland fishers and aquaculture farmers” varies on a country basis. In most cases, 

reported official information is sparse and outdated. For most analysed countries, the indicator is 

composed of a range of values including official statistics and non-official estimates. As expected, the 

highest “overall number of inland fishers and aquaculture farmers” is recorded in China and India, 

followed by Bangladesh and the lower Mekong countries. The paucity of information available for this 

indicator points out the need to strengthen the capacity of national survey systems to include also an 

assessment of inland fishers and aquaculture farmers in the analysed countries. 

 

In fact, the “calculated number of inland fishers based on the extent of different types of inland waters” 

showed that the official statistics related to the number of inland fishers could be underreported in 

Bangladesh, Cambodia, China, Myanmar and Sri Lanka since the reported number of fishers in these 

countries seems to be very small compared with the estimated extent of the “inland water area”. 

 

In most analysed Asian countries, the “average density of the overall inland fishers and aquaculture 

farmers” is composed of a range of values referring to the official and non-official estimate of the 

“overall number of inland fishers and aquaculture farmers”. The cross-country comparison highlights 

higher densities recorded in Bangladesh, India, Thailand and Viet Nam compared with the rest of the 

analysed countries. 

 

Regarding the importance of the inland fisheries sector for food security, highly significant contributions 

to the national protein supply is provided by aquaculture in Bangladesh, China, India, Thailand and 

Viet Nam. In most of the nine Asian countries, information on the composition of the “inland fish 

production” in terms of freshwater and diadromous fish species, crustaceans, molluscs and other aquatic 

animals is more detailed than in the analysed African countries. This allows for a more accurate 
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assessment of the protein supply by group of species and ultimately of the annual quantity of “fish protein 

supplied by inland fish production”. As expected, there is a striking difference between the “fish-protein 

water productivity” recorded in the analysed Asian countries compared with the African countries. In 

fact, Asian countries recorded values of “fish-protein water productivity” between 20 and 80 tonnes/ha 

per year while African countries recorded between 1 and 10 tonnes/ha per year. 

 

The “fish-protein water productivity” indicator points out very clearly the importance of water 

resources for the inland fisheries sector and the benefits derived in terms of protein supply and overall 

food security. 

 

Conclusions and next steps 

 

Despite its possible further improvement, the outcome of this study can be considered as a first step 

forward in the challenging goal of providing some indicator-based measurement of the importance of 

water for fishing and aquaculture activities.  

 

It is highly auspicable that the information provided by this study can be mindfully used in supporting the 

discussion on the importance of the availability and access of water resources for the inland fisheries 

sector and in helping to develop integrated water management plans that can help climate change 

adaptation and planning.  
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1 INTRODUCTION 
 

1.1 Climate change and the importance of water management for the inland fisheries 

sector 

It is now widely accepted that climate change is no longer simply a potential threat, but an ongoing 

process triggered by the use of fossil fuel combustion and excessive greenhouse gas emissions over the 

past centuries (Cubasch et al., 2013). As climate change is already observable (IPCC, 2014), there is an 

urgent need to reduce global emissions of greenhouse gases to slow down the process. At the same time, 

it is important to integrate climate change adaptation into strategies and planning at all levels to build 

resilience against current and projected climate change impacts. 

 

An anticipated impact of climate change on the global hydrological cycle is an increased variability in the 

ecological water flows that support freshwater ecosystems (FAO, 2011a). Increased temperatures will, for 

example, increase the evaporation rates of shallow waterbodies, while alterations in precipitation patterns 

will change the patterns of river discharge with consequent effects on the seasonal patterns of river 

flooding, especially in tropical monsoon climates (FAO, 2007). The increasing or decreasing water flows 

will impact the functionality of aquatic ecosystems related to increased water temperatures and thermal 

stratification, increased levels of siltation caused by increased runoff, over-enrichment in nutrients, 

increased risk of low oxygen levels, and increased salinization of coastal brackish waters, etc. (Meaden 

and Kapensky, 1991). 

 

The impacts of these abiotic changes on fish habitats and fish populations will depend on a wide number 

of factors, including the species, the geographical area, the type of aquatic habitat as well as the severity 

and the rapidity of change of habitat conditions. However, the cascade of potential impacts driven by 

climate change on inland fish populations and other aquatic organisms is likely to be triggered by an 

initial increased variability of water flows and the consequent increased seasonality of water availability 

(FAO, 2007), which could be exacerbated by actions from other sectors sharing such decreasing water 

resources (Welcomme et al., 2010; FAO, 2011a).  

 

The inland fisheries sector, comprising both inland capture fisheries and non-marine aquaculture, requires 

water resources for its activities. The inland fisheries sector stands in a very vulnerable position in the 

face of climate change. Although it is one of the sectors that has contributed least to the causes of climate 

change, the sector will be among the first to feel climate change impacts (Cochrane et al., 2009). The 

specific vulnerability of the inland fisheries sector to changes in water availability will depend on its 

exposure to such changes (e.g. extent and timing of changes in water availability), its sensitivity to 

change (e.g. communities’ dependence on the sector), and its adaptive capacity (e.g. its ability to 

transition to new production systems). In addition, without integrated aquatic systems planning and 

management, the inland fisheries sector could additionally suffer from water use by other sectors, which 

directly or indirectly will affect aquatic ecosystems (Cochrane et al., 2009). 

 

The inland fisheries sector, therefore, needs to engage in water management and policy-making together 

with the other sectors by documenting not only the importance of water resources for its activities, but 

also the benefits that are conveyed by inland capture fisheries and aquaculture in terms of economic 

growth, social welfare and nutrition (Arthur et al., 2013; FAO, 2003; UNEP, 2010; Welcomme et al., 

2010). Since water management planning is at the core for the present and future viability and growth 

potential of the inland capture fisheries and aquaculture sector, a framework for assessing water 

availability for the inland fisheries sector represents a priority for climate change planning (UNEP, 2010).  

 

1.2 The need of an assessment of water use for the inland fisheries sector 

Many governments and international organizations with an interest in aquatic resources have endorsed 

indicator-based approaches to assess water security, water management and informed policy dialogues 

(UN-Water, 2009). Within such indicator-based assessment approaches, there is a clear demand for 

water-related indicators directly linked to the fisheries sector. National-level indicators currently in use 
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for the fisheries sector include those assessing the state of inland capture fisheries and aquaculture (FAO, 

2014; FAO, 2011b), those for sustainable development (FAO, 1999; OECD, 2002), and those for 

designing data collection and sharing systems for co-managed fisheries (FAO, 2005). Each of these 

indicator frameworks incorporates economic, social and nutritional dimensions, but do not directly link 

these with an assessment of the water resources on which the inland fisheries sector relies. As a 

consequence, the importance of water resources for fishing and aquaculture has often not been adequately 

reflected in indicator-based assessments supporting water management decisions. 

 

The UN-Task Force on Indicators, Monitoring and Reporting, established in 2008 under the UN-Water 

inter-agency mechanism, proposed a set of “key indicators” for a rapid assessment of the water sector. 

Among the eleven proposed indicators, only one (i.e. “change in freshwater fish production”) was 

specifically identified to measure the benefits conveyed by inland capture fisheries and aquaculture 

(UN-Water, 2009). 

 

The inland fisheries sector is often marginalized in the debate on water allocation and water use. This 

partially derives from the difficulty of quantifying the water required for the maintenance of fishing and 

aquaculture activities, as the inland fisheries sector has both in-stream1  and off-stream2  water uses. 

Capture fisheries, as well as cage and pen aquaculture, are characterized by an in-stream water use, which 

means that water is used on-site and not removed. Pond aquaculture and other types of aquaculture 

instead have an off-stream water use, which means that water is abstracted and transported off-site in 

order to create water areas that are used for aquaculture activities. In-stream water use is usually 

measured in terms of the water area required for a given purpose, while off-stream water use is measured 

in terms of water volumes abstracted and consumed and returned to the environment (FAO, 2016). As a 

result, the sector, in principle, needs two metrics to measure its water use (water area and water volume), 

which creates difficulties in conveying a unique, combined assessment of water use by the inland 

fisheries sector. 

 

Two approaches express water use of the inland fisheries sector in one single metric. In the first 

approach, the in-stream water use of fishing and aquaculture activities can be expressed in terms of 

environmental water flow, which enables the use of water volume. This approach allows to express both 

in-stream and off-stream water use in terms of volume, but needs to be implemented with data at the 

watershed level and also requires some modelling (FAO, 2016). The second approach is to measure both 

in-stream and off-stream water use in terms of water areas. 

 

This document is built upon this second approach of measuring water use of the inland fisheries sector in 

terms of water areas. Water areas can be used to measure fishing areas and areas occupied by pond or 

cages used in aquaculture and, consequently, the water resources on which the inland fisheries sector 

relies. Water areas are usually relatively easier to measure than water volume, as their extent can also be 

derived from land cover maps using Geographic Information Systems (GIS) or directly through remote 

sensing, which can be very helpful for data collection in data poor situations.  

 

From a biological perspective, tropical finfish inhabiting tropical ecosystems have, for example, often 

adapted to live in shallow waters and even in deep lakes and rarely colonize waters below the photic zone 

(Kapetsky and Barg, no date). In other words, the extent of their suitable habitat is sufficiently reflected 

by water area. In addition, water areas can be used not only to measure freshwater environments, but also 

to measure brackish-water environments such as lagoons, estuaries and deltas. Water areas can also be 

used to measure the variation (expansion or contraction) of inland waters and the extent of seasonally 

flooded areas, which are often quite shallow in depth and represent key water resources for the 

regeneration of fish stocks and as important fishing areas (Welcomme, 1979b; Welcomme, 1999). 

                                                      
1 In-stream water use on-site water use does not remove water from its source, or water is immediately returned with 

little or no alteration (Kohli, Frenken and Spottorno, 2010). 
2 Off-stream water use takes the water out of the water source, reducing the amount of available water left on-site 

(Kohli, Frenken and Spottorno, 2010). 
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For this reason, the assessment of water areas can be considered as the simplest approach that can be 

carried out at the national level, with no demand of complex analysis or modelling. The assessment of 

water areas available to the inland fisheries sector can, therefore, represent the common denominator to 

consider the different water uses of the sector and to measure the benefits provided by the sector to 

society by its use of water. 

 
Climate change is strongly related to potential changes in water availability to fisheries and aquaculture 

and can be assessed, in part, by measuring variations in the natural and artificial water areas available for 

inland capture fisheries and aquaculture. In addition, a decrease in available water areas can directly 

impact the inland fish-water productivity, leading to a reduction of fish production and related economic 

losses. Serious impacts on society may occur, as a reduction in water availability can directly affect the 

people and communities relying on fisheries and aquaculture activities for their livelihoods. In many 

areas, fish constitute an important source of food, protein and micronutrients. Reduced inland fish 

production could also decrease the amount of animal proteins and nutrients available for food security 

and healthy diets (HLPE, 2014). 

 

An indicator-based framework, therefore, is presented and tested in this study as a first step towards a 

multidimensional assessment of the benefits conveyed by the inland fisheries sector and their links to 

available water resources. Chapter 2 describes the analytical framework and methodology used to 

determine relevant indicators and the list of proposed indicators. Chapter 3 provides an overview of the 

methodology used to compile the indicators. Chapter 4 presents a summary of the application of the 

framework to eighteen countries across Africa and Asia. Chapter 5 concludes with a discussion on the 

challenges and opportunities facing the implementation of such an indicator-based framework as well as 

its potential uses. The use of the indicator-based framework could be highly diversified for inland 

fisheries and aquaculture management, climate-proofing its development and strengthening the sector’s 

ability to take part in cross-sectoral water management in the face of climate change. 
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2 ANALYTICAL FRAMEWORK  
 

This chapter describes the proposed indicator-based framework with the objective of representing some 

of the multiple dimensions of the services provided by freshwater systems through the inland fisheries 

sector, namely environmental, economic, social and nutritional dimensions. An overview of the different 

descriptive indicators used to represent these dimension is given together with an explanation of the 

overarching methodological approach used to estimate and compile national-level indicators. 

 

The chapter continues with four sections related to each dimension, for which major aspects are outlined 

together with an explanation of how these aspects are reflected by the different adopted categories of the 

selected indicators. Each dimension provides the available data sources for indicator estimation, areas for 

which a data mining effort has been undertaken, and a final list of indicators.  

 

2.1 Indicator framework 

The analytical framework, designed to represent the benefits derived from water use of the inland 

fisheries sector, covers three interlinked pillars of sustainable development – environmental, economic 

and social. In addition, since the activities of the inland fisheries sector are tightly related to ensuring 

food and nutrition security, the analytical framework includes a separate dimension related to nutrition 

(Figure 1a). 

 

It should be noted that in this document the term “water use” is not used synonymously with water 

consumption.3 The water use made by the fisheries sector is considered to be the amount of water that is 

presumably needed for the survival and reproduction of fish and other aquatic organisms targeted by the 

inland fisheries sector and therefore necessary to ensure the economic, social and nutritional 

contributions the inland fisheries sector provides to society. 

 

Fourteen initial indicators are proposed within the framework to represent environmental, economic, 

social and nutritional dimensions (Figure 1a). As the four dimensions are highly interconnected, each 

indicator may be relevant to more than one dimension. It should also be noted that the set of indicators 

has a descriptive purpose, providing baseline information that is useful for policy analysis, but not 

specifically related to any policy target. However, different indicators highlight aspects of relevance to 

decision-making and policy development. 

 

In the proposed indicator-based framework, three typologies of indicators are chosen to provide 

information on the four dimensions. The first group includes basic physical descriptive indicators relating 

to water availability and fish production. A second typology of indicators measures the benefits conveyed 

by the activities of the inland fisheries sector in absolute terms, such as the total amount of fish, value, 

protein and employment in the primary sector derived through the sector. In addition to the absolute 

indicators, the framework proposes a third group of indicators related to “water productivity” in order to 

measure the relative benefits delivered through fisheries and aquaculture per unit of water resource 

available (Figure 1b). These indicators express a ratio between a derived benefit, constituting an output, 

and an input of water resources (e.g. average amount of fish per area of water).  

 

 

 

 

 

                                                      
3 Water consumption is defined as the proportion of freshwater water withdrawal, which is no longer available (for 

withdrawal) because it has evaporated, been transpired by plants, incorporated into products or crops, consumed by 

people or livestock, or otherwise removed from the immediate water environment (Dyson M., Bergkamp, G. & 

Scanlon, J., eds. 2003. Flow. The essentials of environmental flows. Gland, Switzerland and Cambridge, UK, IUCN. 

118 pp.). 
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2.1.1 Approaches for identification and compilation of indicators at the national level 

 

National-level indicators usually aim to provide a broad picture of the national situation as a basis for 

international comparisons. These indicators, by definition, should be national in scope and applicable to 

issues of national significance. This implies that national-level indicators should reflect some overarching 

characteristics at the country level. Aiming to be simple, easy to understand and interpret for the general 

public, they do not require a high degree of technical knowledge. On the other hand, national-level 

indicators tend to represent country-wide features in a rather simplified and highly aggregated way, and 

do not reflect the variability within the country. 

 

In this study, the indicators are identified to be applicable to both inland capture fisheries and 

aquaculture, and are also selected to be easy to calculate and to interpret. The indicators have been 

designed to be robust to variability and potential biases of available information. Therefore, when an 

indicator could be influenced by an atypical figure of a given year within a time series, the value of the 

indicator is constituted by a five-year average. In addition, when great variability exists in the values 

reported for a given indicator by different sources, the indicator is constituted by a range of values 

representing the lowest and highest estimates. 

 

Indicators are also chosen to be multi-scale in order to be applicable at the national scale as well as 

regional or local scales. In this way, values of the indicator related to the national scale could be 

compared with values reported at the regional or local scale. This multi-scale approach provides some 

insight into the potential variability of the indicator within the country. 

 

The following three main guidelines have been used for indicator estimation and compilation: 

 evaluating data from multiple data sources, when possible; 

 compiling indicators with both national and subregional/local scales, when possible; and 

 using some estimates as baseline reference figures, when possible. 

 

The data comparison from multiple sources can be useful in identifying the likely value or range of 

values for a given indicator. The data collection of information at lower spatial scales (i.e. regional and 

local scale) can facilitate the consistency check of values reported at the national scale. In addition, 
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having a variety of values across different data sources and across different spatial scales helps to set up 

baseline reference figures. These baseline reference figures identify the minimum value of the indicator. 

 

Finally, each indicator value is associated with a qualitative, three-level reliability score (low, medium 

and high) on the basis of the type of data source, the existence of eventual data gaps, and the coherence 

among other reported values at the national and sublevels. 
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3 COUNTRY SELECTION 
 

This chapter describes the country selection and the methodology used for the indicator estimation and 

compilation of each dimension of the analytical framework. The discussion considers the assumptions 

and criteria adopted in the definition of the indicators, reasons underlying the use of multiple data 

sources, and the approach used to identify the indicator values. The analysis also points out the major 

results and insights obtained during the testing phase of this methodological approach and the major 

aspects not covered by the current set of indicators, which deserve attention for further research. 

 

3.1  Country selection 

Several aspects are considered in the identification of a group of countries in Africa (Table 1) and Asia 

(Table 2) on which the indicator-based framework is to be tested. In particular, the selection aimed at 

including countries characterized by the significance of inland fish production, occurrence of intense 

seasonal precipitation, and occurrence of major river basin. 

 

Table 1: African countries and criteria considered in the country selection 

Note: Country selected for this study are marked in bold. 

 

The first criterion considers countries characterized by significant inland capture fisheries and/or 

non-marine aquaculture production. Based on FAO fish production statistics (FAO, 2006–2016), the top 

producers of inland fish production in Africa and Asia are identified to account for about 80 percent of 

the world inland fish production. 

 

Country 

Country characterized 

by relevant inland 

fish production 

Country characterized by 

intense seasonal 

precipitations 

Country 

characterized by 

major river basin 

Benin X X X 

Cameroon X X X 

Chad X X X 

Congo X X X 

Democratic Republic of the 

Congo X X X 

Egypt X   

Ghana X X X 

Kenya X   

Madagascar X X  

Malawi X X X 

Mali X X X 

Mozambique X X  

Niger X   

Nigeria X X X 

Senegal X X  

Sudan X   

Uganda X   

United Republic of Tanzania X   

Zambia X X  

Total number of countries 19 13 9 
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The second criterion considers countries characterized by intense seasonal precipitations that are essential 

for the creation of “seasonally flooded areas”. “Seasonally flooded areas” constitute important water 

resources for the maintenance of fisheries activities, as they directly support fish reproduction and fish 

population by enriching the river system of important dissolved nutrients (Welcomme, 1979; Welcomme, 

1999). In order to identify geographic areas affected by intense seasonal precipitation a GIS analysis was 

carried out. Three climatic parameters related to the average monthly precipitation, the precipitation of 

the wettest quarter and the precipitation seasonality were extracted from the WorldClim Global Climate 

GIS Database 1950–2000 (Hijmans et al., 2005). A cluster analysis was also carried out on these three 

variables to identify areas characterized by significant higher values of these three climatic parameters 

and therefore expected to be exposed to intense seasonal precipitations. Based on this analysis, several 

countries in central and near-east Asia are excluded from the country selection, along with some African 

countries such as Egypt, Kenya, the Sudan and the United Republic of Tanzania, as they are not affected 

or only marginally affected by intense seasonal precipitations. The last adopted criterion selects countries 

in Africa and Asia characterized by major river basin, possibly shared among different countries. This 

choice is aimed at verifying the ability of the indicator framework to differentiate among countries 

otherwise characterized by similar geographical and ecological features. Therefore, the selection includes 

countries sharing large river basins, such as the Niger, the Congo, the Zambesi and Volta Rivers in 

Africa, and the Mekong River and Ganges and Brahmaputra Rivers in Asia.  

 

Table 2: Asian countries and criteria considered in the country selection 

Country 

Country 

characterized by 

relevant inland 

fish production 

Country characterized 

by intense seasonal 

precipitations 

Country characterized by  

major river basin  

Bangladesh X X X 

Cambodia X X X 

China (mainland) X X X 

India X X X 

Democratic People’s 

Republic of Korea X X  

Indonesia X X  

Iran (Islamic Republic of) X   

Iraq X   

Japan X   

Kazakhstan X   

Lao People's Democratic 

Republic X X X 

Malaysia X X  

Myanmar X X X 

Nepal X X  

Pakistan X   

Philippines X X  

Sri Lanka X X X 

Thailand X X X 

Turkey X   

Viet Nam X X X 

Total number of countries 20 14 9 

Note: Country selected for this study are marked in bold. 
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The final selection includes Benin, Cameroon, Chad, the Congo, the Democratic Republic of the Congo, 

Ghana, Malawi, Mali and Nigeria in Africa, and Bangladesh, Cambodia, China (mainland), India, the Lao 

People’s Democratic Republic, Myanmar, Sri Lanka, Thailand and Viet Nam in Asia (Table 1 and 

Table 2). However, in future it would be valuable to also apply the indicator-based framework to other 

countries to obtain a larger more comprehensive world coverage. 
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4 INDICATORS 
 

4.1 Inland water area 

 

Definitions: The “inland water area” indicator is defined as the sum of “permanent inland waters” and 

“seasonally flooded areas”.  

 

Unit of measurement: Square kilometre (km²). 

 

Adopted criteria for compiling the indicator: Within “permanent inland waters”, the area covered by 

lakes, 4  reservoirs, 5  coastal lagoons, 6  rivers 7  and permanent swamps 8  is considered, whereas within 

“seasonally flooded areas”, it is the inundated areas created by the seasonal overflowing of water from 

river banks and/or seasonal fluctuations of waterbodies. 

 

The compilation of the “inland water area” indicator poses two methodological issues related to the 

consideration of water resources with different temporal permanence and the distinction between inland 

water resources and coastal water resources: 

 

 (i)  The inclusion of water resources with different temporal extents, such as permanent inland 

waters and seasonally flooded areas, allows for an assessment of the comprehensive vital 

resources for inland capture fisheries and aquaculture. Permanent swamps are considered a 

subcomponent of the “permanent inland waters”, while “seasonally flooded areas” are a 

component of the “inland water area” indicator. The distinction between permanent swamps 

and “seasonally flooded areas” lies in the duration of the inundation. However, there is often 

no information to distinguish between the two ecological categories. In this study, swamps 

and marshy areas have been considered within “seasonally flooded areas” unless there is 

explicit indication that the swamps recorded in a given country are permanent. 

(ii)  The distinction between inland waters and coastal water resources is not easy to make as there 

is a gradual transition of inland freshwater resources flowing in the coastal areas. The criterion 

that has been adopted for this study considers coastal lagoons, deltas and estuaries as part of 

the “inland water area”, but excludes, when reported, the swampy coastal areas covered 

by mangroves. 

  

Major data sources: There are three major types of data sources used in the assessment of the “inland 

water area” and its subcomponents (i.e. “permanent inland waters” and “seasonally flooded areas”) in 

each country: 

 

(i) Research papers, reports and documents related to different assessments of inland capture 

fisheries and aquaculture carried out at the country level. 

 

                                                      
4 Lake: A natural relatively large body of standing water with negligible currents and enclosed by land. It can be regarded as a 

relatively closed system as most of its hydrology is internal, although it may have substantial inflowing and outflowing rivers 

(Crespi and Coche, 2008). 
5 Artificial reservoir: An artificial lake pond or basin for the collection, storage, regulation and control of water and for its use 

when required (Crespi and Coche, 2008). 
6 Coastal lagoon: A shallow body of water, as a pond or lake, separated from the sea by sandbars, often associated with estuaries, 

and which may have a shallow, restricted outlet to the sea. They show great seasonal variation in salinity, being fed from 

associated freshwater rivers for part of the year and from the sea for the remainder (Crespi and Coche, 2008). 
7 River:  Natural water course from 5 to 100 m wide, running into another water course or a lake (Crespi and Coche, 2008). 
8 Swamp: Type of wetland with water standing permanently or for a considerable period of time and with a dense cover of native 

vegetation. Swamps may be freshwater or saltwater, and tidal or non-tidal (Crespi and Coche, 2008). 
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(ii) FAOSTAT country-level statistics of “inland waters” in each country derived from the 

difference between official statistics of country area (i.e. political boundary) and land area (i.e. 

terrestrial portion of the country area). 

(iii) Geographic Information System (GIS) maps depicting the area of inland water resources 

within a country’s land cover. In particular, the following GIS data sets have been used: the 

Global Lakes and Wetlands Database (GLWD); GlobCover; Africover and the Landsat 

satellite imagery of Lake Chad. 

 

The GLWD is the most comprehensive global data set of inland waters available (Lehner and Doll, 

2004). The global data set, a raster map at 30 arc-second resolution (approximately 300 metres 

resolution), includes 11 different categories. After a careful examination of the mapped different 

categories, only the lake, reservoir and river categories have been included in the assessment of the extent 

of permanent inland waters. The GLWD data set includes 3 067 lakes (with surface areas ≥ 50 km2), and 

250 000 smaller lakes in addition to 654 reservoirs and rivers (with surface areas ≥ 0.1 km2). 

 

The following categories are excluded: 

 coastal wetlands, as they often include marine areas in addition to coastal areas; 

 bogs, as not relevant for fishery activities, as only highly specialized animals and plants are 

associated with this type of habitat; 

 brackish and saline areas, as they are mainly located in interior regions and are associated with 

very saline and dry environments that are unlikely to be used for fishery activities; 

 swamps, as they are often represented by polygons drawn with very low accuracy that create 

large overestimations of the real extent of flooded areas;  

 marshes, as they are often represented by polygons drawn with low accuracy and include not 

only the marshy area but also the whole protected area in which marshes are located; 

 intermittent wetland/lake areas, as they are mainly found in Saharan Africa and are therefore 

unlikely to be fish habitats; and 

 wetland complex at a different degree between land and water (0–25 percent; 25–50;  

50–100 percent of water/land), as it is difficult to define if and when they could constitute 

potential fish habitats.  

 

GlobCover is a global land cover map at a spatial resolution of 300 metres, which includes 22 land cover 

classes defined by the United Nations Land Cover Classification System (LCCS) (ESA, 2010; Di 

Gregorio, 2005). The land cover map is compiled by the European Space Agency using satellite images 

acquired through Envisat’s Medium Resolution Imaging Spectrometer (MERIS) in 2009 (Bontemps et 

al., 2011). For the purpose of this study, the most relevant classes in the GlobCover 2009 include: 

 

 Closed (> 40 percent) broad-leaved forest regularly flooded: freshwater (class code 160). 

 Closed to open (> 15 percent) vegetation (grassland, shrubland, woody vegetation) on regularly 

flooded or waterlogged soil: fresh-, brackish- or saline water (class code 180). 

 Closed (> 40 percent) broad-leaved semi-deciduous and/or evergreen forest regularly flooded: 

saline water (class code 170), mainly maps mangrove coastal areas. This class is not considered 

in the assessment of “seasonally flooded areas”, following the criterion of excluding mangrove 

areas used to separate inland from coastal water resources. 

 

Africover is a land cover map compiled by the FAO Global Land Cover Network, derived from remote 

sensing at a spatial resolution of 30 metres (FAO, 2002). It contains land cover classes defined by the 

United Nations LCCS (Di Gregorio, 2005), which includes single continuous class polygons (one LCCS 

code) and mixed-class polygons (two-three LCCS codes represented in different percentages) 

(Di Gregorio, 2005). Africover is available for 10 different East African countries, and in this study it 

was used to map the “permanent inland waters” and “seasonally flooded areas” for the Democratic 

Republic of the Congo.  
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Lake Chad has been shrinking gradually, as its open surface water reduced from about 25 000 km2 in 

1963 to less than 2 000 km2 in the 1990s. In order to assess the current extent of Lake Chad, the Landsat 

Global Land Survey (GLS) data set was used. The data set, compiled by the U.S. Geological Survey 

(USGS) and NASA, has four layers derived from four sets of Landsat images from different time frames 

(1970s, 1990s, 2000 and 2005). Each of these global data sets was created from the primary Landsat 

sensor in use at the time: the Multispectral Scanner in the 1970s, the Thematic Mapper (TM) in the 

1990s, the Enhanced Thematic Mapper Plus (ETM+) in 2000, and a combination of TM and ETM+ 

in 2005. 

 

The area covered by the open water of Lake Chad was digitalized from the Landsat (GLS) image and the 

obtained polygon was overlaid on the Centre National d’Etudes Spatiales CNES Spot image of 2013, 

available on Google Earth. Because a good correspondence between the spatial features of the Landsat 

image and the CNES spot image was recorded, it has been assessed that the area covered by the open 

surface water of Lake Chad in 2013 is about 1 637 km2, of which 936 km2 is in Chad and 701 km2 in 

Cameroon. 

 

Adopted criteria in assembling the indicator: The “inland water area” in a given country is often 

reported as a single value expressed in square kilometres. However, such a synthetic figure is difficult to 

interpret without an understanding of the types of water resources considered in the estimate. 

 

In order to assemble the “inland water area” indicator, data have been retrieved on the extent of 

“permanent inland waters” and, when possible, its subcomponents (i.e. lakes, rivers, reservoirs and 

permanent swamps) and “seasonally flooded areas”.  

 

The comparison of multiple sources information has been the best approach to estimate the existing water 

resources at the country level. Initially, GIS data sets are screened to derive baseline reference figures of 

“permanent inland waters” and “seasonally flooded areas”. In the estimate of “permanent inland waters” 

(lakes, reservoirs, rivers, lagoons and permanent swamps) from GIS maps, the river components are 

usually a critical feature. While lakes, reservoirs, lagoons and deltas are relatively easy to map as 

polygons of different shapes and sizes, the extent of rivers is particularly challenging to determine 

because of their linear features and the fact that the width changes throughout their course from an 

initially small stream through connections to other rivers and finally into a delta or estuary.  

 

The GLWD did not allow for an accurate mapping of rivers, the smallest lakes, and ponds and minor 

reservoirs below the raster resolution (approximately 300 metres). Thus, the sum of the area covered by 

lakes, reservoirs and rivers derived from GLWD for a given country has been considered as the baseline 

reference estimate of the “permanent inland waters”. This estimate has been compared with other 

available sources of information, when available, in order to approximate the most likely estimate of 

natural inland water resources at the country level. 

 

GlobCover 2009 (ESA, 2010) has been used to derive an estimate of the “seasonally flooded areas” by 

considering the sum of class code 160 and class code 180 (see above definitions). However, due to its 

limited resolution, GlobCover maps only a small share of “seasonally flooded areas” in a country and it 

was mainly used to obtain baseline reference figures. 

 

Africover, due to its high spatial resolution, is a preferential data source for deriving both estimates of the 

“permanent inland waters” and the “seasonally flooded areas” for the Democratic Republic of the Congo. 

 

Spatial coverage: The indicator is compiled for all analysed African and Asian countries. 

 

Resolution and limits: The “inland water area” indicator is constituted by the sum of the “permanent 

inland waters” and the “seasonally flooded areas”. The resolution and the accuracy of the estimate of 

“inland water area” vary greatly on a country basis. In general terms, countries characterized by large 

well-defined waterbodies record more consistency among different data sources and GIS data sets are 

able to capture the largest share of existing water resources. On the contrary, countries that are 
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characterized by large river networks tend to systematically show an underestimation of the “permanent 

inland waters” due to their river component. As explained above, the extent of rivers is difficult to map 

and to quantify. Thus, in such countries the final reliability of the indicator depends on the degree to 

which “seasonally flooded areas” can compensate for such data bias. 

 

Use of the indicator and next steps: The estimate of “inland water area” is essential for the assessment 

of water availability. One important refinement of this study is to consolidate and validate the estimates 

of the “inland water area” by confirming the current extent of the “permanent inland waters” and 

“seasonally flooded areas” at the country level. This validation is needed given that the most detailed 

level of information is often found in specialized reports and assessments for the fisheries sector 

published in the 1990s. The comparison of these estimates with more recent GIS data sets has not 

allowed the confirmation with earlier estimates, as both the GLWD database and the GlobCover maps do 

not have a sufficient degree of spatial resolution. 

 

4.2 Percentage of inland water over country area  
 

Definition: The “percentage of inland water over country area” is defined as the ratio of the “inland 

water area” and the country area defined by its political boundaries. 

 

Unit of measurement: Percentage. 

 

Adopted criteria in defining the indicator: The definition for “inland water area” is reported in the 

indicator description. The country area should be measured as the area under national sovereignty, 

including its land territory (land area plus inland waters), internal waters and territorial seas and 

excluding the contiguous zone (Article 22, UNCLOS) and exclusive economic zone (Part V, UNCLOS). 

However, no explicit definition of country area is reported in the publication of the United Nations (2011) 

from which country areas are extracted to assemble the indicator. 

 

Major data sources: The values of country areas are extracted from the publication of the United 

Nations (2011). The data sources used to estimate the “inland water area” are described in section 4.1. 

 

Adopted criteria in assembling the indicator: No specific criteria used in assembling the indicator. 

 

Spatial coverage: The indicator is compiled for all analysed African and Asian countries. 

 

Resolution and limits: This indicator records quite a wide range of values; higher values are often linked 

with the inclusion of extensive “seasonally flooded areas” in the compilation of the “inland water area”. 

 

Use of the indicator and next steps: The indicator can be useful to compare the “inland water area” 

among countries, which show marked differences not only in the extent of freshwater and brackish-water 

resources, but also in the size of their territories (i.e. country area). 

 

4.3 Percentage of permanent inland water over inland water area 
 

Definition: The “percentage of permanent inland water over inland water area” is defined as the ratio 

between the area of “permanent inland waters” and the “inland water area”. 

 

Unit of measurement: Percentage. 

 

Adopted criteria in defining the indicator: The definition of “permanent inland waters” and the 

definition of the “inland water area” are described in section 4.1. 

 

Major data sources: The data sources used to estimate “permanent inland waters” and “inland water 

area” are described in section 4.1. 
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Adopted criteria in assembling the indicator: No specific criteria have been used in assembling the 

indicator. 

 

Spatial coverage: The indicator is compiled for all analysed African and Asian countries. 

 

Resolution and limits: The indicator measures the relative amount of “permanent inland waters” to the 

extent of total “inland water area” in a country. 

 

In particular, a high value for this indicator shows a predominance of “permanent inland waters”, which 

are expected to be more resilient to climate change and to function as water storage systems providing 

buffer water resources against water scarcity. On the contrary, a low value recorded for this indicator 

shows a predominance of “seasonally flooded areas”, which are likely to decrease with increased 

temperatures and variation in the rainfall pattern, showing a potential greater level of vulnerability to 

climate change. 

 

Use of the indicator and next steps: The indicator can be useful to provide a coarse assessment of the 

existing water resources that could support climate mitigation and planning. In addition, the indicator 

could be used to assess the variation of the extent of “seasonally flooded areas” over time. In fact, 

“seasonally flooded areas”, because of their relative shallow waters, are likely to change more evidently 

their area with a contraction or expansion due to a potential combined effect of climate change and 

inappropriate water management. However, in order to use the indicator for this purpose, several 

standardized repeated measurements should be carried out at appropriate time intervals. 

 

4.4 Inland water area and aquaculture pond area 
 

Definition: The “inland water area and aquaculture pond area” is defined as the sum of “inland water 

area” and the “aquaculture pond area”. 

 

Unit of measurement: Square kilometre (km2). 

 

Adopted criteria in defining the indicator: The definition of “inland water area” is reported in 

section 4.1. The “aquaculture pond area” is defined as the overall area of aquaculture ponds in a given 

country. Aquaculture ponds are characterized as relatively shallow and usually small bodies of still water 

or with a low water refreshment rate (Crespi and Coche, 2008); in this study, the term refers to artificially 

formed aquaculture ponds without distinction in uses among growing, fattening, reproduction and 

hatching (see Crespi and Coche, 2008). 

 

Major data sources: Data sources used for the “inland water area” indicator are described in section 4.1. 

Official statistics on the number and size of aquaculture ponds are yearly reported by countries to the 

FAO Fisheries and Aquaculture Department and have been used to estimate the “aquaculture pond area”. 

When available, official statistics are compared with non-official estimates reported in published 

aquaculture assessments and documents. Hall et al. (2011) estimated the water surface used by 

aquaculture in a given country taking into account the group of farmed species and their production 

intensities. They split the aquaculture production recorded in 2008 from the FAO-FishStatJ database 

(FAO, 2006−2016) for each country into the main farmed species groups. Each species group is 

estimated to be raised at different estimated levels of production intensities (kg/ha per year) from which 

the overall number of hectares used by aquaculture can be derived. This non-official estimate is available 

for some Asian countries such as Bangladesh, China, India, Thailand and Viet Nam. However, since the 

assessment of Hall et al. (2011) often includes only some specific group of farmed species, these 

estimates are only used for comparison and not considered in the compilation of the “aquaculture pond 

area” indicator. 

 

Adopted criteria in assembling the indicator: No specific criteria have been used in assembling the 

indicator. 
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Spatial coverage: The indicator is compiled for all analysed African and Asian countries. 

 

Resolution and limits: The “inland water area and aquaculture pond area” indicator is mostly influenced 

by the estimate provided for the “inland water area”, as the “aquaculture pond area” often constitutes only 

a minor component. This is particularly relevant for the analysed African countries that are characterized 

by abundant inland water resources and have relatively low aquaculture development. 

 

The indicator should also include an estimate on water areas used for cage and pen aquaculture, which is 

not available. However, since the cages are placed in natural inland waters, their extent will be covered 

by the “inland water area” estimation. 

 

Use of the indicator and next steps: The “inland water area and aquaculture pond area” indicator 

represents the water areas required for maintaining inland capture fisheries and aquaculture activities. It is 

an essential indicator in this study and it has been also used to compute derived indicators such as the 

“fish-water productivity – quantity”, “fish-water productivity – value”, the “average density of overall 

inland fishers and aquaculture farmers” and the “fish-protein water productivity”. 

 

4.5 Deep rice cultivated area  

Definition: The “deep rice cultivated area” measures the area covered by deep rice crop cultivation, 

which is traditionally cultivated along river banks and from water received during the seasonal 

overflowing of rivers. 

 

Unit of measurement: Square kilometre (km2). 

 

Adopted criteria in defining the indicator: Rice crops can be categorized into five different 

environments and growing conditions: rainfed, deep rice, upland, irrigated rice crops and tidal wetlands 

(Khush, 1984). Usually water depth is less than 25 cm in lowland and shallow rainfed rice; between 

25 and 50 cm in medium-deep rainfed rice; between 30 and 100 cm in deep rice; and over 100 cm in very 

deep or floating rice crops (Catling, 1992; Khush, 1984). 

 

However, at a national level, statistics of “deep rice cultivated area” usually do not include any 

information on water depth. Thus, “deep rice cultivation” should be considered a generic ecological 

description of rice-growing conditions. 

 

Major data sources: Statistics on the “deep rice cultivated area” are reported by Huke and Huke (1997) 

and by Halwart (1999) for different east and south-east Asian countries.  

 

Adopted criteria in assembling the indicator: The indicator is assembled with a range of values, which 

correspond to the values reported, respectively, in Huke and Huke (1997) and Halwart (1999). For 

Myanmar, only the estimate provided by Huke and Huke is available (1997) and for Sri Lanka only the 

estimate provided by Halwart (1999). 

 

Spatial coverage: The indicator is compiled only for the Asian countries analysed, as there is no 

information on the “deep rice cultivated area” in the African countries analysed. 

 

Resolution and limits: The “deep rice cultivated area” indicator is experimentally compiled to test its 

potential use as a proxy for traditionally rice-fish integrated systems. In fact, deep rice varieties with 

taller and more flexible stems have been traditionally selected for cultivation along river banks that 

receive water during the seasonal overflowing of rivers (Catling, 1992). During the seasonal flood, the 

cultivation of rice close to the river banks could take advantage of fish swimming into rice fields, which 

could be kept in the field for aquaculture purposes after water recedes, creating a rice-fish integrated 

aquaculture system (Halwart and Gupta, 2004). Today, many “seasonally flooded areas” have been 

converted to rice crop cultivation, some with integrated fish aquaculture, but there is no effective way to 

evaluate a degree of overlap between values reported for “deep rice cultivated area” and “seasonally 
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flooded areas”. Accordingly, despite the importance of rice-fish integrated aquaculture, this component is 

not integrated in the estimation of the “aquaculture pond area” indicator. The interpretation of the 

indicator needs to be used in conjunction with the overall estimate of the “lowland rice cultivated area”, 

where also additional rice-fish cultivation could occur. However, given the wide gap of values recorded 

between these two indicators and the fact that data on the “deep rice cultivated area” are outdated, the 

indicator has not been used in the water availability assessment. 

 

Use of the indicator and next steps: The current “deep rice cultivated area” indicator can only be used 

to show the limited extent of traditionally cultivated flood-prone rice and to pinpoint the need for 

more updated and comprehensive information on rice-fish integrated farming systems in the analysed 

countries.  

 

4.6 Lowland rice cultivated area 

Definition: The “lowland rice cultivated area” indicator is defined as the area covered by irrigated, deep 

rice and rainfed paddy fields, but excludes upland rice, which is grown in steep to sloping fields that 

rarely get flooded.  

 

Unit of measurement: Square kilometre (km2). 

 

Adopted criteria in defining the indicator: The indicator is compiled by subtracting the area of “upland 

rice area” from the “national rice crop area”.  

 

Major data sources: Statistics on the “upland rice area” and “national rice crop area” are reported by 

Huke and Huke (1997) and by Halwart (1999) for different east and south-east Asian countries.  

 

Adopted criteria in assembling the indicator: The indicator is assembled with a range of values, which 

correspond to the values reported, respectively, by Huke and Huke (1997) and Halwart (1999). For 

Myanmar, only the estimates provided by Huke and Huke are available (1997) and for Sri Lanka only the 

estimates provided by Halwart (1999). 

 

Spatial coverage: The indicator is compiled only for the Asian countries analysed, except China, for 

which statistics on upland rice cultivation has not been reported. 

 

Resolution and limits: The “lowland rice cultivated area” indicator has been experimentally compiled to 

test its potential use as a proxy for areas potentially interested by traditional and more modern rice-fish 

integrated systems. The interpretation of the indicator needs to be used in conjunction with the “deep rice 

cultivated area” indicator. However, when considering the “deep rice cultivated area”, the area potentially 

used with rice-fish integrated farming appears very limited, whereas when considering the “lowland rice 

cultivated area”, the area appears potentially very large. Therefore, no meaningful use of these two 

indicators as a potential proxy for rice-fish cultivation in traditional and more modern integrated systems 

could be made. In addition, information is outdated and a recent remote sensing study carried out by Xiao 

et al. (2006) allows pinpointing potential causes of underestimation/overestimation in the official 

statistics of the national rice crop area. 

 

Use of the indicator and next steps: The current “lowland rice cultivated area” indicator can only be 

used to show overall area covered by rice cultivation at low altitude and to pinpoint the need for more 

updated and comprehensive information on rice-fish integrated farming systems in the analysed 

countries. 

 

4.7 Inland fish production – quantity 

Definition: The “inland fish production – quantity” is defined as the sum of the “estimate of inland 

capture fisheries production – quantity” and the “estimate of non-marine aquaculture production – 

quantity”. 
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Unit of measurement: Tonnes. 

 

Adopted criteria in defining the indicator: The “inland capture fisheries production – quantity” is 

defined as the extraction of living aquatic organisms from natural or artificial inland waters, but 

excluding those from aquaculture facilities (FAO, 2010). “Aquaculture production” is defined as the 

production derived from the farming of aquatic organisms involving intervention in the rearing process to 

enhance production and the individual or corporate ownership of the stock being cultivated (FAO, 2010). 

For this study, only freshwater9 and brackish-water culture10 are considered, while mariculture11 has been 

excluded. 

 

The baseline calculation of the “estimate of inland capture fisheries production – quantity” and “estimate 

of non-marine aquaculture production – quantity” is constituted by a five-year average of national official 

statistics of fish production referring to the period 2008–12. Such five-year averages are expected to be 

more robust and less influenced by both natural fluctuations in the fish population growth and the 

variability in fish catch, as well as the bias of reporting fish production in national statistics. 

 

Major data sources: The calculation of the “estimate of inland capture fisheries production – quantity” 

and the “estimate of non-marine aquaculture production – quantity” is based on the official statistics 

yearly reported by countries to the FAO Fisheries and Aquaculture Department (Garibaldi, 2012). These 

official statistics are available online as well as recorded in the FAO-FishStatJ database designed for 

statistical time series (FAO, 2006–2016). 

 

Recognizing that official statistics may not have full representation of the actual situation, in particular 

the contribution of small-scale activities, the document takes into account also the non-official 

information reported for Cambodia (van Zalinge et al., 2004), Ghana (de Graaf and Ofori-Danson, 1997), 

Mali (Peterson and Keller, 2006), the Lao People’s Democratic Republic (van Zalinge et al., 2004), 

Thailand (Lymer et al., 2008) and Viet Nam (World Bank, FAO and WorldFish Center, 2010). Thus, for 

these countries, non-official estimates of inland capture fisheries production (i.e. non-official estimates) 

provided by the above authors are considered as an additional data source to compile the “estimate of 

inland capture fisheries production – quantity”. 

 

Adopted criteria in assembling the indicator: The indicator is usually constituted by the sum of the 

“estimate of inland capture fisheries production – quantity” and the “estimate of aquaculture production – 

quantity”. When there are official and non-official “estimate of inland capture fisheries production – 

quantity”, the indicators are calculated with both sources and therefore resulted in a range of values.  

 

Spatial coverage: The indicator is compiled for all analysed African and Asian countries. 

 

Resolution and limits: This indicator is conceived to provide an overall assessment of the “inland fish 

production” from capture fisheries and aquaculture activities in freshwater and brackish-water areas. This 

choice has helped to avoid potential ambiguity in the classification of fishing and aquaculture activities, 

                                                      
9 Freshwater culture is understood as the cultivation of aquatic organisms where the end product is raised in 

freshwater, such as reservoirs, rivers, lakes, canals and groundwater, in which the salinity does not normally exceed 

0.5‰. Earlier stages of the life cycle of these aquatic organisms may be spent in brackish or marine waters 

(Crespi and Coche, 2008). 
10 Brackishwater culture is understood as the cultivation of aquatic organisms where the end product is raised in 

brackish water, such as estuaries, coves, bays, lagoons and fjords, in which the salinity may lie or generally 

fluctuate between 0.5‰ and full strength seawater. If these conditions do not exist or have no effect on cultural 

practices, production should be recorded under either “freshwater culture” or “mariculture”. Earlier stages of the 

life cycle of these aquatic organisms may be spent in fresh or marine waters (Crespi and Coche, 2008). 
11 Mariculture is understood as the cultivation of the end product that takes place in seawater, such as fjords, inshore 

and open waters and inland seas in which the salinity generally exceeds 20‰. Earlier stages in the life cycle of these 

aquatic organisms may be spent in brackish water or freshwater (Crespi and Coche, 2008). 
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which are used to compile official statistics. Fishing is considered as the removal of aquatic organisms 

from natural or enhanced inland waters, while the harvest of fish stocked in artificial reservoirs should be 

considered aquaculture. Similarly, the capture of fish from seasonally flooded areas should be considered 

fishing, but when floodwaters recede and fish are trapped into soil depressions and fed before being 

harvested that should be considered aquaculture. 

 

However, this choice has also some limitations in depicting the development of aquaculture in a given 

country. For this reason, it is recommended to complement the information provided by this indicator 

with information expressed by the “aquaculture contribution to inland fish production – quantity” 

indicator. 

 

Use of the indicator and next steps: The “inland fish production – quantity” indicator is a fundamental 

indicator for the economic assessment, which has also been used to assemble the other indicators, such as 

the “inland fish production – value”, the “fish-water productivity – quantity”, the “fish-water productivity 

– value”, and the “aquaculture contribution to inland fish production – quantity”. 

 

A reliable measurement of “inland fish production” has high economic and policy relevance. In several 

countries, the “inland fish production – quantity” indicator shows the existing divergence in the official 

versus non-official estimate of “inland fish production”, and consequently, it can be used to encourage 

countries to further investigate this matter in order to resolve such level of uncertainty. 

 

4.8 Inland fish production – value 

Definition: The “inland fish production – value” is defined as the sum of the value of the “estimate of 

inland capture fisheries production – value” and the value of the “estimate of non-marine aquaculture 

production – value”. 

 

Unit of measurement: Thousands of United States dollars. 

 

Adopted criteria in defining the indicator: The “estimate of inland capture fisheries production – 

value” is constituted by the sum of the quantity of fish produced by species or species group multiplied 

by the corresponding estimated first-sale price. The value of the “estimate of non-marine aquaculture 

production – value” is constituted by the sum of the quantity of fish produced by species or species group 

by the corresponding estimated farmgate prices.  

 

The first-sale and farmgate prices are producer prices, which are defined as the prices received by farmers 

(or fishers) when they participate in their capacity as sellers of their own products at the farmgate or first 

point of sale (FAO, 2013). 

 

Major data sources: The data sources used to compile the “estimate of inland capture fisheries 

production – value” and the “estimate of non-marine aquaculture production – value” are reported in 

section 4.7. The major data sources used to derive the farmgate prices of species or group of species 

include the questionnaires on aquaculture statistics reported by countries to the FAO Fisheries and 

Aquaculture Department and the several fishery statistical bulletins published by the Southeast Asian 

Fisheries Development Center (SEAFDEC) between 2008 and 2012. The first-sale prices of wild caught 

species are estimated by using multiple miscellaneous data sources.  

 

Adopted criteria in assembling the indicator: It is evident that the first-sale and the farmgate prices, 

even for the same species, vary significantly in space and time. Given the sparse information and lack of 

systematic price surveys, it is hard to identify a representative unique species price at the country level. 

For this reason, a range of prices for each species or species group has been identified on the basis of 

information available. Therefore, the “estimate of inland capture fisheries production – value” and 

“estimate of non-marine aquaculture production – value” are constituted by a range of values that 

correspond to values assessed using the lowest unit price and the highest available unit price. In addition, 

if the “estimate of inland capture fisheries production – value” is constituted by official and non-official 
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estimates, these are valued using the same first-sale prices by species or group of species and then only 

by the lowest and highest values are considered among the four calculated values..  

 

Spatial coverage: The indicator is compiled for all African and Asian countries analysed. 

 

Resolution and limits: The “inland fish production – value” indicator is a fundamental indicator for the 

economic assessment, corresponding to a coarse assessment of the value of inland fish production in the 

analysed countries based on producers’ prices. This indicator represents only the production value and 

does not take into account other economic benefits that the inland fisheries sector can generate in terms of 

employment, economic rents and surpluses. The range of prices by species or by group of species (i.e. 

price calibration) is affected by some subjectivity in the choice of information used. The range of unit 

prices could be further improved with increased available information.  

 

The greatest difficulty encountered has been when the “estimate of inland capture fisheries production – 

value” is reported without any specification on its species composition. In this case, a range of first-sale 

prices has been estimated to reflect the potential (unknown) composition of fish landings by low-value 

and high-value species. 

 

Use of the indicator and next steps: The “inland fish production – value” indicator is a basic indicator 

for the economic assessment and provides a coarse assessment of the value of inland fish production in 

the analysed countries based on producers’ prices. Such monetary assessment can make the economic 

benefits provided by the inland fisheries sector tangible and their contribution to the local and national 

economy evident to society. The recognition of the importance of aquatic resources for the inland 

fisheries sector is likely to be facilitated by an assessment that provides evidence of the derived economic 

benefits in monetary terms. In addition, such assessment can facilitate the comparison with other sectors 

and support an intersectorial discussion on water management. 

 

The “inland fish production – value” indicator can be used as a rough figure of the economic relevance of 

the inland fisheries sector and to encourage countries to collect data on farmgate and first-sale prices.  

 

4.9 Aquaculture contribution to inland fish production – quantity 

Definition: The “aquaculture contribution to inland fish production − quantity” is defined as the ratio of 

the “estimate of non-marine aquaculture production − quantity” over the overall “inland fish production – 

quantity”. 

 

Unit of measurement: Percentage. 

 

Adopted criteria in defining the indicator: The definitions of the “estimate of inland capture fisheries 

production − quantity” and “estimate of non-marine aquaculture production − quantity” are given in 

section 4.7.  

 

Major data sources: Data sources to derive the “estimate of inland capture fisheries production − 

quantity” and the “estimate of non-marine aquaculture production − quantity” are described in 

section 4.7. 

 

Adopted criteria in assembling the indicator: The indicator is a ratio whose numerator is the “estimate 

of non-marine aquaculture production − quantity”, and the denominator is the sum of the “estimate of 

aquaculture production − quantity” and the “estimate of inland capture fisheries production − quantity”. 

When the denominator (i.e. “inland fish production – quantity”) is constituted by a range of values due to 

the occurrence of official statistics and non-official estimates, the “aquaculture contribution to inland fish 

production – quantity” is also constituted by a range of values. 

 

Spatial coverage: The indicator is compiled for all analysed African and Asian countries. 
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Resolution and limits: The indicator measures the share of the “inland fish production – quantity” that 

comes from aquaculture. The choice to highlight the percentage of aquaculture production is due to the 

fact that aquaculture records the greatest difference in the degree of development among countries, 

especially between African and Asian countries. The major limit of the indicator is that it requires a 

correct distinction between aquaculture and inland capture fisheries production. Therefore, its reliability 

should be assessed on a country basis. 

 

Use of the indicator and next steps: Without analysing the causes and conditions for aquaculture 

development, the indicator provides an estimate of the average contribution given in the time period 

2008–12 to the overall inland fish production recorded in the same time period. The indicator could also 

be compiled yearly. In fact, aquaculture production can be positively influenced by government 

incentives, effective plans for aquaculture pond rehabilitation, and foreign companies setting up 

large-scale commercial aquaculture farms. On the other hand, aquaculture production can be negatively 

influenced by the lack of sufficient seeds from hatcheries, the spread of aquaculture diseases, government 

bans of key aquaculture species and the small economic gains by the aquaculture farmer, etc. However, 

given that the indicator measures the variation of aquaculture production compared with the overall 

“inland fish production – quantity”, small variations are likely to remain undetected. 

 

4.10 Aquaculture contribution to inland fish production – value 

Definition: The “aquaculture contribution to inland fish production – value” is defined as the ratio of the 

“estimated value of non-marine aquaculture production” over the overall “inland fish production – value”.  

 

Unit of measurement: Percentage. 

 

Adopted criteria in defining the indicator: The definitions of “estimated value of inland capture 

fisheries production” and “estimated value of non-marine aquaculture production” are given in 

section 4.8. 

 

Major data sources: Data sources to derive the “estimated value of inland capture fisheries production” 

and the “estimated value of non-marine aquaculture production” are described in section 4.8. 

 

Adopted criteria in assembling the indicator: The indicator is a ratio whose numerator is the 

“estimated value of non-marine aquaculture production”, and the denominator is the sum of the 

“estimated value of non-marine aquaculture production” and the “estimated value of inland capture 

fisheries production”. Since the procedure for the valuation of fish production used both the lowest and 

the highest unit producer prices available, in most cases the “aquaculture contribution to inland fish 

production – value” is constituted by a range of values. 

 

Spatial coverage: The indicator is compiled for all analysed African and Asian countries. 

 

Resolution and limits: The indicator measures the share of the value of “inland fish production – value” 

related to aquaculture production. The major limit of the indicator is that it requires a correct distinction 

between aquaculture and inland capture fisheries production. Therefore, its reliability should be assessed 

on a country basis. 

 

Use of the indicator and next steps: The major use of the indicator is to assess the contribution of 

aquaculture in monetary terms. This indicator provides complementary information to the “aquaculture 

contribution to inland fish production – quantity”; in fact, because of the average higher prices of farmed 

fish in the analysed countries, aquaculture production can represent a different share of the “inland fish 

production” if assessed in quantity or in value. 
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4.11 Fish-water productivity – quantity 

 

Definition: The “fish-water productivity − quantity” is defined as the ratio of the sum of the “estimate of 

aquaculture production − quantity” and the “estimate of inland capture fisheries production − quantity” 

over “inland water area and aquaculture pond area”. 

 

Unit of measurement: Kilograms over hectares per year (kg/ha). 

 

Adopted criteria in defining the indicator: The definitions of “estimate of inland capture fisheries 

production − quantity” and the “estimate of non-marine aquaculture production − quantity” are given in 

section 4.7, and the definition of “inland water area and aquaculture pond area” is described in 

section 4.4. 

 

Major data sources: Data sources to derive the “estimate of inland capture fisheries production − 

quantity” and the “estimate of aquaculture production − quantity” are described in section 4.7, while data 

sources for “inland water area and aquaculture pond area” in section 4.4. Different data sources have 

been used to collect data on fish-water productivity recorded in the major fishing areas of the analysed 

countries. 

 

Adopted criteria in assembling the indicator: “Fish-water productivity − quantity” is often composed 

by a range of values. This occurs when there are both official statistics and non-official estimates related 

to the “estimate of inland capture fisheries production − quantity”. In this case, the “fish-water 

productivity − quantity” is computed according to both official and non-official estimates resulting in a 

range of values. 

 

Spatial coverage: The indicator is compiled for all analysed African and Asian countries. 

 

Resolution and limits: “Fish-water productivity − quantity” provided indications at the national level 

about the average quantity of fish harvested or farmed from the “inland water area and aquaculture pond 

area”. However, within a country, a wide range of fish-water productivity will be found in different types 

of water resources and aquaculture management. 

 

The comparison between fish-water productivity recorded at the national and local levels is not intended 

to provide indications about the target fish-water productivity that should/could be achieved. The 

indicator does not provide information about the sustainability of the current pattern of extraction, the 

production of fish resources from existing natural and artificial water resources, or the sustainability of 

fish-water productivity values recorded at the local level in natural water resources or culture conditions. 

 

Caution should be placed in the compilation of the indicator separately for inland capture fisheries and 

aquaculture production. In the lack of information and how cage production is accounted for within 

national statistics and of cage inventories, the “fish-water productivity” related to the whole “inland fish 

production” will be more robust and comparable across countries than the separate values of fish-water 

productivity for capture fisheries and aquaculture activities 

 

Use of the indicator and next steps: “Fish-water productivity − quantity” is an essential economic 

indicator linking fish production with water availability. This indicator is useful to show the importance 

of water resources for fish production and to represent water use by the inland fisheries sector in common 

units used with water management, as well as for climate scenario analysis. The indicator can show, on 

average, how many tonnes of fish are produced in a hectare of available water, and therefore what the 

average loss would be in fish production per unit of available water resource in the case of decreased 

water availability linked to increased climate variability and climate change and/or water management 

policies. The indicator should not be used to establish targets on increasing a country’s fish-water 

productivity without first conducting a proper assessment on the operational potential and constraints 

existing within local conditions. 
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4.12 Fish-water productivity – value 

Definition: The “fish-water productivity − value” is defined as the ratio of the sum of the “estimated 

value of non-marine aquaculture production” and the “estimated value of inland capture fisheries 

production” over “inland water area and aquaculture pond area”. 

 

Unit of measurement: United States dollars over hectares (kg/ha). 

 

Adopted criteria in defining the indicator: The definitions of “estimated value of non-marine 

aquaculture production” and “estimated value of inland capture fisheries production” are given in 

section 4.8, and the definition of “inland water area and aquaculture pond area” in section 4.4. 

 

Major data sources: Data sources to derive the “estimated value of non-marine aquaculture production” 

and the “estimated value of inland capture fisheries production” are described in section 4.8, while data 

sources for “inland water area and aquaculture pond area” in section 4.4. 

 

Adopted criteria in assembling the indicator: The “fish-water productivity – value” is always 

composed by a range of values, as these are primarily derived from the lowest and highest unit prices 

used to assess both the “estimated value of non-marine aquaculture production” and the “estimated value 

of inland capture fisheries production”. In addition, in several cases, the range of values shown by the 

“fish-water productivity – value” indicator is also influenced by the discrepancy recorded in a few 

countries between official statistics and non-official estimates related to the “estimate of inland capture 

fisheries production − quantity”. 

 

The indicator is also compiled in a disaggregated way in order to be able to compare the average “fish-

water productivity – value” provided separately by the inland capture fisheries and aquaculture 

production given that usually higher prices are reported/estimated for farmed species rather than wild 

caught species. 

 

Spatial coverage: The indicator is compiled for all analysed African and Asian countries. 

 

Resolution and limits: “The “fish-water productivity – value” provided indications at the national level 

about the average value of fish harvested or farmed from the “inland water area and aquaculture pond 

area”. The reliability of the indicator is highly affected by the unit prices used for the evaluation of the 

fish production as well as by the assessment of the “inland water area and aquaculture pond area”. 

Further refinement of these estimates could substantially change the indicator values. 

 

Use of the indicator and next steps: The “fish-water productivity – value” expresses the value of one 

hectare of water made available to the fisheries sector in monetary terms. This indicator is useful to show 

the economic value of one hectare of water, and therefore to represent the economic relevance of water 

use by the inland fisheries sector in common units used, which can be used with water management as 

well as for climate scenario analysis. The indicator can show, on average, how many tonnes of fish are 

produced in a hectare of available water, and therefore what the average loss would be in fish production 

per unit of available water resource in the case of decreased water availability linked to increased climate 

variability and climate change or increased water competition among sectors. 

 

4.13 Overall number of inland fishers and aquaculture farmers 
 
Definition: The “overall number of inland fishers and aquaculture farmers” is defined as the sum of 

people engaged in fishing and aquaculture activities without making any distinction in the degree of 

engagement (full-time, part-time, but also occasional). 

 

Unit of measurement: Number of people. 
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Adopted criteria in defining the indicator: The indicator considers the “overall number of inland 

fishers and aquaculture farmers” irrespective of the degree of engagement (full-time12, part-time13, or 

occasional14) and regardless of whether fishing or aquaculture activities are remunerated or carried out as 

part of a subsistence household livelihood. 

 

The criterion placed more emphasis on capturing the number of households who benefit from fisheries 

and aquaculture rather than on measuring the extent of labour placed in the sector activities. This 

approach has been beneficial in: (i) avoiding a clear distinction among inland fishers and aquaculture 

farmers in official statistics and making use also of the figures related to an unspecified occupation within 

the inland fisheries sector; and (ii) integrating other information available in the literature where no detail 

on the level of engagement was available. 

 

Major data sources: Official statistics related to the number of inland fishers and aquaculture farmers 

are yearly reported by countries to the FAO Fishery and Aquaculture Department. This document uses 

the statistics of the year 2012, or of any other year available that is not regularly disseminated to the 

public.15 When available, official statistics have been compared with non-official estimates reported in 

published fisheries and aquaculture assessments and documents referring specifically to the analysed 

countries. 

 

Adopted criteria in assembling the indicator: The “overall number of inland fishers and aquaculture 

farmers” is often constituted by a range of values. In most cases, the two values of the range refer to 

official statistics and non-official estimates of the number of inland fishers and aquaculture farmers. In a 

few countries, official statistics reported the number of inland fishers, the number of aquaculture farmers, 

and a number of people with unspecified occupation within the fisheries sector. In these cases, the 

number of people with an unspecified occupation is added to the reported number of inland fisheries and 

aquaculture farmers constituting the highest estimate of the indicator range. 

 

Spatial coverage: The indicator is compiled for all analysed African and Asian countries. 

 

Resolution and limits: The “overall number of inland fishers and aquaculture farmers” is a fundamental 

indicator to show the social relevance of the fisheries sector. The wide range of values of the indicator 

showing the divergence among official and non-official estimates points out the current low reliability of 

the indicator and the need to strengthen data collection systems. 

 

Use of the indicator and next steps: The “overall number of inland fishers and aquaculture farmers” 

aims to describe the role of fishing and aquaculture activities in supporting people’s livelihoods. Fishing 

and aquaculture activities can provide employment and/or constitute an important source of livelihood. 

Both contributions have great importance, respectively, in achieving economic security and food security 

and cannot be measured or compared in terms of the relative time allocated to fishing or aquaculture 

activities. In fact, subsistence artisanal fisheries and extensive household aquaculture are usually carried 

out on an occasional basis or involve a relatively small time budget. On the contrary, the importance of 

such activities can be crucial in providing a household with food and nutritional security. The compiled 

“overall number of inland fishers and aquaculture farmers” indicator could be used to enquire with 

analysed countries for clarifications on the wide divergence between official and non-official estimates 

and to point out the potential existing data gap and the importance of comprehensive statistical national 

surveys. 

                                                      
12 Full-time: Individuals receiving at least 90 percent of their livelihood from farming or spending at least 90 percent 

of their working time in that occupation (World Bank, FAO and WorldFish Center, 2010). 
13 Part-time: Individuals receiving at least 30 percent but less than 90 percent of their livelihood from farming, or 

spending at least 30 percent but less than 90 percent of their working time in that occupation (World Bank, FAO 

and WorldFish Center, 2010). 
14 Occasional: Individuals receiving under 30 percent of their livelihood from farming or spending under 30 percent 

of their working time in that occupation (World Bank, FAO and WorldFish Center, 2010). 
15 Further information on the dissemination process can be obtained by contacting Fish-Statistics-Inquiries@fao.org. 
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4.14 Average density of overall inland fishers and aquaculture farmers  
 

Definition: The “average density of overall inland fishers and aquaculture farmers” considers the 

“overall number of inland fishers and aquaculture farmers” divided by the extent of the “inland water 

area and aquaculture pond area”. 

 

Unit of measurement: Number of people/square kilometre. 

 

Adopted criteria in defining the indicator: The definitions “overall number of inland fishers and 

aquaculture farmers” and the “inland water area and aquaculture pond area” are given, respectively, in 

section 4.13 and in section 4.4. 

 

Major data sources: Data sources used for the “overall number of inland fishers and aquaculture 

farmers” and “inland water area and aquaculture pond area” are described, respectively, in section 4.13 

and in section 4.4. 

 

Adopted criteria in assembling the indicator: The indicator is a ratio whose numerator is the “overall 

number of inland fishers and aquaculture farmers” and the denominator of the “inland water area and 

aquaculture pond area”. When the numerator is constituted by a range of values, this derived indicator is 

also constituted by a range of values. 

 

Spatial coverage: The indicator is compiled for all analysed African and Asian countries. 

 

Resolution and limits: The “average density of overall inland fishers and aquaculture farmers” is 

assessed to measure, on average, how many people per square kilometre of available water resources rely 

on fishing and aquaculture activities. This national-level indicator shows the contribution that the inland 

fisheries sector provides in terms of employment and livelihoods. It also gives a rough assessment on 

how many people in a country are likely to be directly affected by a decrease in water resources available 

to the inland fisheries sector. 

 

It should be noted that, despite the estimated “average density of overall inland fishers and aquaculture 

farmers” at the national level, great variability in the density of fishers and aquaculture farmers is 

expected at the local level. Many factors influence the number of fishers in a given place, such as 

population density, richness of fish stocks and status of fish populations in natural water resources, 

market opportunities, laws and regulations on the accessibility of public waterbodies and fishing licences, 

economic incentives and cultural traditions. In a similar way, the number of aquaculture farmers in a 

given area depends not only on the number and size of aquaculture farms, but also on the availability of 

hatcheries, feed availability, market opportunities, laws, regulations, and policies on exotic cultured 

species, etc. 

 

The reliability of values compiled for the “average density of overall inland fishers and aquaculture 

farmers” varies on a country basis depending on the reliability of the “overall number of inland fishers 

and aquaculture farmers” and “inland water area and aquaculture pond area”. 

 

Use of the indicator and next steps: The “average density of overall inland fishers and aquaculture 

farmers” indicator is useful to link the social with the environmental dimension and also in cross-country 

comparison. 

 

A high value of the indicator signals the importance of freshwater and brackish-water resources for a 

relatively high number of people and a potential high pressure on existing water resources, as a higher 

density of fishers and aquaculture farmers per hectare of surface water would mean more needs to be met. 

On the contrary, a low value of the indicator signals a relatively small number of fishers and aquaculture 

farmers compared with the relatively large extent of available water resources. However, the indicator 

does not provide information about the sustainability of a given density of fishers and aquaculture 
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farmers. In fact, ecological, economic and social sustainability thresholds will be met at different values 

according to different cultural and local fishing conditions. 

 

4.15 Calculated number of inland fishers based on the extent of different types of inland 

waters 

Definition: The “calculated number of inland fishers based on the extent of different types of inland 

waters” is defined as a range of values constituted by the median and the maximum number of inland 

fishers expected in the country according to the densities of inland fishers recorded in Africa or Asia in 

different types of inland waters.  

 

Unit of measurement: Number of fishers. 

 

Adopted criteria in defining the indicator: The indicator is calculated by multiplying the extent of 

different inland waters (km2) such as lakes, coastal lagoons, reservoirs and flooded areas existing in a 

given country by, respectively, the median and maximum density of inland fishers (fishers/km2) reported 

in Africa and in Asia in different types of inland waters according to FAO (1995). 

 

Major data sources: Information on the area of coastal lagoons, lakes, reservoirs and flooded areas was 

collected while compiling the “inland water area” indicator, whereas the median and maximum densities 

of inland fishers expected in different type of inland waters were extracted from the publication of FAO 

(1995). 

 

Adopted criteria in assembling the indicator: The median and maximum density of inland fishers are 

reported by FAO (1995) in coastal lagoons, lakes, reservoirs and swamps in Africa, and lakes, reservoirs, 

and stocked reservoirs in Asia (FAO, 1995). In order to compile the indicator in Africa, the category 

swamp has been considered equivalent to “seasonally flooded areas”. 

 

In Asia, because reported data specifically related to “seasonally flooded areas” is lacking, the density of 

fishers in “seasonally flooded areas” has been estimated as the average of values reported for lakes, 

reservoirs, stocked reservoirs and floodplain lakes by FAO (1995). 

 

In Asia, FAO (1995) estimated different densities of inland fishers in reservoirs compared with stocked 

reservoirs. Values referred to stocked reservoirs have been applied only to the areas covered by beels16 in 

Bangladesh; all other reservoirs in the remaining analysed Asian countries have been multiplied for the 

fishers densities reported in non-stocked reservoirs. 

 

Spatial coverage: The indicator is compiled for all analysed African and Asian countries. 

 

Resolution and limits: The reliability of the “calculated number of inland fishers based on the extent of 

different types of inland waters” varies on a country basis. In fact, for some countries, the indicator could 

be compiled using only the area of lakes and “seasonally flooded areas” because there was no 

information available regarding the area of coastal lagoons and reservoirs. 

 

The “calculated number of inland fishers based on the extent of different types of inland waters” is only 

used as a baseline figure to evaluate a potential underestimation of the “overall number of inland fishers 

and aquaculture farmers”. There are two main reasons why the “overall number of inland fishers and 

aquaculture farmers” is expected to be higher than this calculated baseline figure. First, the calculated 

baseline value does not include aquaculture farmers, and second, fishers’ densities reported in FAO 

(1995) are derived from information published earlier than 1995. Therefore, given the global population 

increase in the past 30 years, together with the increased development of aquaculture, especially in Asian 

                                                      
16 Beels are small lakes, low-lying depressions, permanent bodies of water in a floodplain, or bodies of water 

created by rains or floods. 
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countries, the current number of inland fishers, on average, is expected to be higher than the calculated 

baseline figures. 

 

Caution should be placed in the use of these baseline figures, which are based on fishers’ densities 

estimated at the continental level (i.e. Africa or Asia) and therefore not based on specific fisher densities 

of the analysed countries. It should be noted that these baseline figures are influenced not only by the 

fishers’ densities, but also by the estimated size of inland waters constituting the “inland water area” 

indicator. 

 

Use of the indicator and next steps: The “calculated number of inland fishers based on the extent of 

different types of inland waters” is used only as a baseline reference figure to evaluate a potential 

underestimation of the “overall number of inland fishers and aquaculture farmers”. In particular, this 

baseline figure is not meant to replace or complement information on the “overall number of inland 

fishers and aquaculture farmers” values, but only to signal if the order of magnitude of the reported 

“overall number of inland fishers and aquaculture farmers” seems to be calibrated to the extent of the 

“inland water area” in a given country. 

 

4.16 Fish protein supplied by inland fish production 
 

Definition: The “fish protein supplied by inland fish production” is defined as the annual average 

quantity of proteins supplied by fishing and aquaculture activities in a given country. 

 

Unit of measurement: Quantity of protein (tonnes). 

 

Adopted criteria in defining the indicator: The definitions of the “estimate of inland capture fisheries 

production – quantity” and the “estimate of non-marine aquaculture production − quantity” are presented 

in section 4.7. When possible, according to reported information, both types of production are broken 

down into four divisions: freshwater17 and diadromous fish18, crustaceans19, molluscs20 and other aquatic 

animals,21 according to the International Standard Statistical Classification of Aquatic Animals and Plants 

(ISSCAAP) classification.  

 

Major data sources: Data sources for the “estimate of inland capture fisheries production − quantity” 

and the “estimate of non-marine aquaculture production − quantity” are described in section 4.7. The 

average value of the protein content per species group has been extracted from the “food composition 

factors for FAOSTAT fish and fisheries products” of the FAO food balance sheet and refers to the fresh 

commodity category (FAO, 2014). 

 

Adopted criteria in assembling the indicator: The “fish protein supplied by inland fish production” is 

compiled by multiplying the quantity of caught or farmed fish by the average protein content of the 

species groups constituting the fish production from inland capture fisheries and non-marine aquaculture 

production. The average protein content used for freshwater and diadromous fish as fresh commodities is 

109 grams in 1 kg of fish. Similarly, the average protein content for crustaceans is 93 grams/kg, 

23 grams/kg for molluscs, and 40 grams/kg for aquatic animals (FAO, 2014). 

 

When there are official statistics as well as non-official estimates related to the “estimate of inland 

capture fisheries production − quantity”, then the “fish protein supplied by inland fish production” is 

computed according to both official and non-official estimates and is constituted by a range of values. 

                                                      
17 Freshwater: carps, barbels and other cyprinids, tilapias and other cichlids and miscellaneous freshwater fishes 

(FAO, 2014). 
18

 Diadromous: sturgeons, paddlefishes, river eels, salmons, trouts, smelts, shads and miscellaneous diadromous fish 

(FAO, 2014). 
19 Crustaceans: freshwater crustaceans, shrimps, prawns and miscellaneous crustacean species (FAO, 2014). 
20 Molluscs: freshwater molluscs (FAO, 2014). 
21 Other aquatic animals, frogs and other amphibians, turtles and miscellaneous aquatic invertebrates (FAO, 2014). 
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Spatial coverage: The indicator is compiled for all analysed African and Asian countries. 

 

Resolution and limits: The “fish protein supplied by inland fish production” is based on the average 

protein content of the species groups, which are regularly used to compile the FAO food balance sheet 

based on a standardized methodology to represent the pattern of a country’s food supply during a 

specified reference period. The indicator does not account for eventual differences recorded in the protein 

profile of species within the same ISSCAAP division and the potential differences between free-ranging 

and farmed species. However, the nutritional value of fish, related to the content of proteins, fatty acids 

and micronutrients, varies with fish species. In addition, several studies have also shown that within the 

same species some relative differences in the nutritional profile of free-ranging and farmed fish species 

can be found. In general terms, the farmed species often have unlimited access to food and reduced 

physical activity compared with free-ranging fish, which can lead to a relatively higher percentage of fat. 

However, the protein content of farmed fish will also vary with the type and composition of feed used. 

Farmed fish are traditionally considered as having a similar protein content than free-ranging species, 

although recent studies show that the protein expression profile in different tissues can differ between 

farmed and free-ranging species (Toldrà and Nollet, 2012). However, this level of detail in the nutritional 

profile could not be taken into account by the current compilation of the indicator as it goes beyond the 

scope and level of accuracy used for this assessment. 

 

Use of the indicator and next steps: The “fish protein supplied by inland fish production” indicator is 

useful for stressing the importance of water availability for the inland capture fisheries and aquaculture 

activities for protein supply and food security. 

 

4.17 Fish-protein water productivity 

 

Definition: The “fish-protein water productivity” is defined as the ratio between the “fish protein 

supplied by inland fish production” and the “inland water area and aquaculture pond area”. 

 

Unit of measurement: Kilograms of proteins over hectares per year (kg/ha). 

 

Adopted criteria in defining the indicator: The definitions of the “fish protein supplied by inland fish 

production” and the “inland water area and aquaculture pond area” are given, respectively, in section 4.16 

and in section 4.4 

 

Major data sources: Data sources for the “fish protein supplied by inland fish production” and “inland 

water area and aquaculture pond area” are given, respectively, in section 4.16 and in section 4.4. 

 

Adopted criteria in assembling the indicator: “Fish-protein water productivity” is assessed by a range 

of values when the “fish protein supplied by inland fish production” is also constituted by a range of 

values. 

 

Spatial coverage: The indicator is compiled for all analysed African and Asian countries. 

 

Resolution and limits: The “fish-protein water productivity” indicates the average quantity of proteins 

per hectare of available surface water. Its resolution is highly influenced by the reliability of the 

information used to compiled the “fish protein supplied by inland fish production” and the “inland water 

area and aquaculture pond area” indicators. 

 

Use of the indicator and next steps: The “fish-protein water productivity” indicator is useful to show a 

cross-country comparison and the importance of the nutritional benefits per unit of water made available 

to the inland fisheries sector in terms of protein supply and food security. 
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5. BENIN 

 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

Benin. Table 3 provides an overview of all the values of the compiled indicators. 

 

Table 3: Summary of water-related indicators, Benin 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 3 000 5.1 

Percentage of inland water over country area (%) 3 5.1 

Percentage of permanent inland water over inland water area (%) 12 5.1 

Inland water area and aquaculture pond area (km²) 3 000 5.1 

Inland fish production – quantity (tonnes) 27 200 5.2 

Inland fish production – value (US$1 000) 27 746–54 504 5.2 

Aquaculture contribution to inland fish production – quantity (%) 1 5.2 

Aquaculture contribution to inland fish production – value (%) 2–4 5.2 

Fish-water productivity – quantity (kg/ha) 91 5.3 

Fish-water productivity − value (US$/ha) 92−182 5.3 

Overall number of inland fishers and aquaculture farmers (people) 34 000–124 000 5.4 

Calculated number of inland fishers based on the extent of different 

types of inland waters (people) 
4 000–36 000 5.4 

Average density of overall inland fishers and aquaculture farmers 

(people/km²) 
11−41 5.4 

Fish protein supplied by inland fish production (tonnes) 2 900 5.5 

Fish-protein water productivity (kg/ha) 10 5.5 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 

5.1 Water availability, Benin 

 

5.1.1 Estimates of “permanent inland waters” 

  

Benin is characterized by important rivers, minor lakes associated with the rivers, and large coastal lakes 

and wetlands. There are five major watersheds associated with the major rivers in the country: the Niger 

River, the Pendjari River, the Ouémé River, the Mono River and the Couffo River. In the north-east, the 

Niger River (120 km) collects waters from its three main tributaries: the Alibori River (338 km), the Sota 

River (250 km) and the Mékrou River (410 km). In the north-west, the Pendjari River, a tributary of the 

Volta, runs for 400 km before entering into Togo. The central plateau is characterized by the Ouémé 

River that flows for 700 km, creating several floodplains and feeding the lagoon systems on the coast. In 

the south, the major rivers are the Mono River (360 km) and the Couffo River (240 km) (Vanden Bossche 

and Bernacsek, 1990). 
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The major waterbodies are found on the coast, but also reach the interior: Lake Ahémé (85 km²), Lake 

Nokoué (150 km²), Lake Quidah (40 km²) and Porto-Novo (35 km²). There are also 28 km² of smaller 

lagoons and waterbodies connecting the major bodies of water with the sea (Vanden Bossche and 

Bernacsek, 1990b). These coastal waterbodies together cover 310 km² (Balarin, 1984; Vanden Bossche 

and Bernacsek, 1990). 

 

Minor lakes are also found in the floodplains of the south-flowing rivers (Ouémé, Mono and Couffo 

Rivers) and include: Lake Azilli (2 km²), Lake Cele (2 km²), Lake Dahounta (0.4 km²), Lake Dati 

(0.7 km²), Lake Djetoue (0.2 km²), Lake Ogbadji (4 km²) and Lake Toho (15 km²) (Vanden Bossche and 

Bernacsek, 1990). 

 

Comprehensively, the area of “permanent inland waters” derived from Vanden Bossche and Bernacsek 

(1990) is 362 km², which is similar to the figure mapped by Lehner and Doll (2004). However, this 

estimate of 362 km², if taken alone, severely underestimates the existing water resources in Benin, as 

there is no estimate of the extent of open waters of the large river network (more than 3 048 km) in the 

country. The area of rivers is partially considered within the “seasonally flooded areas”, so the “inland 

water area” provides a better overall estimate of surface waters in the country. 

 

5.1.2 Estimates of “seasonally flooded areas” 

 

The largest “seasonally flooded area” is found in the Ouémé River floodplain. At peak flow, the flooded 

area can cover an area of about 2 000 km² (Vanden Bossche and Bernacsek, 1990), and it can remain 

covered with water for about four months (FAO, 2008). In addition, Vanden Bossche and Bernacsek 

(1990) reported a seasonal flooded area of about 275 km² associated with the Niger River (Vanden 

Bossche and Bernacsek, 1990). 

 

The most comprehensive description of wetlands and flooded areas is given by Hughes and Hughes 

(1992), who reported an overall extent of 2 678 km² of “seasonally flooded areas” in the country. Besides 

the largest flooded area associated with the terminus of the Ouémé River (860 km²), there are other 

flooded areas along the Mono River (268 km²): wetlands associated with the Niger River (440 km²) and 

with the Pendjari River (805 km²); lakehead swamps around the Ahémé Lake (40 km²); seasonal 

wetlands fringing Lakes Nokoué and Porto-Novo (440 km²); and other seasonal flooded coastal areas 

(265 km²). 

 

The estimate of 2 678 km² is the current best available estimate of flooded areas in Benin. The estimate 

by ESA (2010) only maps a negligible portion of these areas. According to P. Lalèyè (personal 

communication), the extent of the flooded area in Benin should be larger than the reported 2 678 km². 

 

5.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” in Benin is estimated to be 3 000 km². “Inland water area” represents 

3 percent of the entire country area (112 622 km², United Nations, 2011), and “permanent inland waters” 

constitute 12 percent of the “inland water area” (Table 4). By comparison, the extent of “inland water 

area” recorded in the FAOSTAT database is 2 000 km². The FAOSTAT value is derived from the 

difference between “country area” and “land area” (FAO, 1999), which are official figures reported by 

the country to the FAO Statistics Department. 

 

The reliability of the “inland water area” and related indicators is considered medium by taking into 

account the potential underestimate of the river component in the data available for the compilation of the 

indicator.  
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Table 4: Estimates of “inland water area” and related indicators, Benin 

Water resources Amount Reliability Source 

a. Permanent inland waters (km²) 
362  Non-GIS: Vanden Bossche & Bernacsek, 1990 

317  GIS: Lehner & Doll, 2004 

b. Seasonally flooded areas (km²) 

2 678  Non-GIS: Hughes & Hughes, 1992 

2 275  Vanden Bossche & Bernacsek,1990 

45  GIS: ESA, 2010 

Inland water area (km²) (a+b) 

3 000 Medium  

2 000  Non-GIS: FAO, 1999 

2 958  GIS: Jenness et al., 2007 

Percentage of permanent inland 

water over inland water area (%) 
12 Medium  

Percentage of inland water over 

country area (%) 
3 Medium  

Note: Bold highlights the data used. Indicator values have been rounded. 

 

5.1.4 Estimates of “aquaculture pond area” and related indicators 

 

According to the data officially reported by the country to the FAO Fisheries and Aquaculture 

Department, artificial ponds used for aquaculture in 2005 covered only 496 ha (Table 5). In Benin, 

however, aquaculture is mainly carried out with extensive practices such as “acadjas”22 and “whedos”.23  

 

Table 5: Estimates of the “aquaculture pond area” and related indicators, Benin 

Farmed species 
Surface 

(km²) 
Reliability Source 

a. Freshwater pond aquaculture  

Freshwater and diadromous fish  n.d.   

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

b. Brackish-water pond aquaculture 

Freshwater and diadromous fish  n.d.   

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

c. Unspecified pond aquaculture  5  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2005 

d. Estimated cage area n.d.   

Aquaculture pond area (a+b+c+d) << 100 Low  

Inland water area and aquaculture pond area 3 000 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. The value of the “aquaculture pond area” is very low and less than 

100 km2, and thus it does not significantly contribute to the indicator value. n.d. = no data. 

 

Acadjas are very common in the lagoons of the southern coast, and Lalèyè et al. (2007a) reported that 

acadjas covered a maximum of 35 percent of the total area of Lake Nokoué (i.e. about 4 500 ha). 

 

Whedos, which are ditch-like ponds that fill seasonally with river flooding, are a traditional aquaculture 

system that is widespread in south-eastern Benin, especially around the Ouémé delta. Fish migrate into 

                                                      
22Acadjas are brush parks of various designs traditionally used in Benin, West Africa, for habitat enhancement in 

shallow coastal lagoons. They are areas of a shallow lake or coastal lagoon where wooden branches and sticks or 

bamboo are piled up to provide refuge to local fish as well as to increase the natural food available to them 

(Crespi and Coche, 2008).  
23 Whedos are ditch-like ponds that are found in connection to the river network where fingerlings are trapped, 

raised and then harvested (Hauber, Bierbach and Linsenmair, 2011). 
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the flooded areas and remain trapped in the excavated ponds when the floodplain drains during the dry 

season (Welcomme, 1979). Although this is an extensive traditional aquaculture system, fish production 

from whedos is usually accounted within the inland capture fisheries production. Whedos, in fact, are 

quite common in the “seasonally flooded areas” of the Ouémé River Valley, which is considered one of 

the major fishing areas of the country. In the 1970s, it was reported that whedos covered an area of about 

1 100 ha (Welcomme, 1971). There is no information available on the current extent of this practice. A 

local survey reported 500 whedos in the commune of Malavilla, covering an area of about 9 ha (Hauber, 

Bierbach and Linsenmair, 2011). 

 

The reliability of the “inland water area and aquaculture pond area” indicator is considered low because 

of the sparse amount of data available for its compilation and the fact that the value of the “aquaculture 

pond area” is below 100 km2, and thus not significantly contributing to the indicator value. 

 

5.2 Inland fish production, Benin 

 

5.2.1 Estimates of “inland capture fisheries production – quantity” 

 

Official figures reported by the country to the FAO Fisheries and Aquaculture Department are very 

scattered, and available data related to inland capture production of Benin mainly consist of FAO 

estimates (FAO, 2006−2016). It is assessed that about 90 percent of the annual inland fish production 

(about 27 000 tonnes/year) comes from coastal lagoons, while the remaining 10 percent from rivers 

(FAO, 2008). The major productive areas are the coastal lagoons in the south and the floodplains of the 

Ouémé River. It is difficult to assess the real status of inland capture fisheries due to a paucity of data on 

the current landings from these areas (Table 6). 

 

Table 6: Estimates of “inland capture fisheries production – quantity”, Benin 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 26 294  FAO, 2006−2016 

Average 2003–2007 24 508  FAO, 2006−2016 

Average 2008–2012 26 758  FAO, 2006−2016 

Regional estimates 

Annual fish production of 

Lake Nokoué 
11 312  Jenness et al., 2007 

Estimate of inland capture fisheries 

production – quantity  
26 800 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

By analyzing historical data (seven years between 1959 and 1989), Jenness et al. (2007) estimated that in 

an average year the fish yield of Lake Nokoué produced about 11 312 tonnes; however, there are no data 

to assess the current production of this lake or other major waterbodies. It has been reported that the 

Ouémé River and the Niger River have already been overfished (Lae, 2004). In particular, during a 

survey carried out between 1999–2001, Lalèyè et al. (2007b) reported that the composition of catch had 

changed and was dominated by species of small body sizes. 

 

The reliability of the national “estimate of inland capture fisheries production – quantity” is considered 

medium on the basis of the occurrence of official statistics and the level of consistency found in the 

comparison with regional estimates. 

 

5.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

Official figures reported by the country to the FAO Fisheries and Aquaculture Department show very low 

aquaculture production (Table 7). 
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In Benin, the major commercial aquaculture enterprise is Royal Fish Benin. In 2001, the company 

recorded a production of 245 tonnes of fish composed of 190 tonnes of catfish and 55 tonnes of tilapia 

(Royal Fish Benin, personal communication, 2013). 

 

Table 7: Estimates of “non-marine aquaculture production – quantity”, Benin 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 n.d.  FAO, 2006−2016 
Average 2003–2007 191  FAO, 2006−2016 
Average 2008–2012 357  FAO, 2006−2016 
Estimate of non-marine 

aquaculture production – quantity 
400 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. n.d.= no data. 

 

The reliability of the national “estimate of non-marine aquaculture production – quantity” is considered 

low since official national statistics of aquaculture production are likely to include mostly the production 

from large commercial aquaculture enterprises, but not from traditional extensive aquaculture methods 

(i.e. acadjas and whedos). Acadjas have been estimated to have an annual production of about 

12 000 tonnes, equal to approximately 40 percent of the annual inland fish production of Benin (Lorenzen 

et al., 2001). 

 

5.2.3 Estimates of “inland capture fisheries production – value” 

 

A field survey conducted between 2007 and 2009 provided some information on first-sale prices of fish 

from the traditional whedos aquaculture system in northern Benin (Hauber, Bierbach and Linsenmair, 

2011). Information collected through questionnaires shows that the fish market price varies with fish size 

and is estimated to be between US$0.97/kg for small-sized fish (average weight of 40 g); and US$1.2/kg 

for medium-sized fish (average weight of 350 g) (Hauber, Bierbach and Linsenmair, 2011). 

 

The first-sale price in 2007–09 of fish from whedos can be estimated between US$0.97 and 

US$1.96 per kg. In their publication, Hauber, Bierbach and Linsenmair (2011) reported that the first-sale 

price of fish from the river fisheries is usually higher than the price of fish from whedos. These authors 

pointed out that one of the higher first-sale prices is recorded for the North African catfish (Clarias spp.) 

and is about US$2/kg. 

 

Thus, a most likely range of first-sale values for fish catch is between US$1 and US$2 per kg (Table 8). 

As expected, this range of values is higher than the earlier estimate of US$0.4/kg reported by Neiland and 

Béné (2008). 

 

Table 8: Estimates of first-sale prices of wild caught species, Benin 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and diadromous 

fish   

1–2 Hauber, Bierbach and Linsenmair, 2011 

(0.4) Neiland & Béné, 2008 

Crustaceans [2.7] Houssa & Verpoorten, 2013 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period of 

2008–12. Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, or 
to dry, smoked or salted fish (see text for details). Bold highlights the data used.  

 

Another important resource for inland capture fisheries production is constituted by shrimp, which are 

mainly caught in coastal lagoons such as in the lakes of Nokoué and Ahémé and in the lagoon of 

Porto-Novo in their seasonal migration to inland waters in January and when they return to sea waters in 

August. However, the only information that could be retrieved regards the shrimp export price of about 

US$2.7/kg before the shrimp ban that took place between 2003 and 2005 (Houssa and Verpoorten, 2013). 

This information has been reported only as a reference figure and has not be used due to the fact that 
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export prices can be considerably higher than first-sale prices and that in any case this reported value 

(US$2.7/kg) is outdated as signalling the price before 2003. 

 

By using the first-sale prices reported in Table 8, the “estimated value of inland capture fisheries 

production”, recording an average yield of 26 800 tonnes/year between 2008 and 2012, is assessed to be 

between US$27 million and US$54 million per year (Table 9). 

 

Table 9: Estimates of “inland capture fisheries production – value” based on official statistics, 

Benin 

Species 
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and 

diadromous fish  
1–2 26 758 26 758 53 516 

Total 26 800 26 758 53 516 

Note: Bold highlights the data used. 

 

5.2.4 Estimates of “non-marine aquaculture production – value” 

 

The official farmgate price reported by Benin between 2008 and 2010 is about US$3/kg for tilapia and 

US$2.4/kg for catfish (Table 10). 

 

Table 10: Estimates of farmgate prices of aquaculture species, Benin 

Species  
Unit price 

(US$/kg) 
Source 

Oreochromis niloticus 3.0 FAO, 2006−2016 

Clarias gariepinus 
2.4 FAO, 2006−2016 

(2.3) Ponzoni & Nguyen, 2008 

Note: Bold highlights the data used. Indicator values have been rounded. Values in round brackets indicate baseline reference figures being 

values referred to an earlier time frame than the analysed time period 2008–12.  

 

The official price used for catfish could be underestimated since the estimate of US$2.3/kg provided by 

Ponzoni and Nguyen (2008) refers to 2004–05. Moreover, the official farmgate prices reported by the 

country in 2012 are sensibly higher than those reported for the previous years. In fact, the official 

reported price of tilapia increased from about US$3/kg in 2008–10 to US$4.7/kg in 2012, while the price 

of catfish from about US$2.4/kg in 2008–10 to US$3.6/kg in 2012. Additional information is needed to 

confirm this price trend and for a correct interpretation of this price increase. 

 

By using the farmgate prices reported in Table 10, the “estimated value of non-marine aquaculture 

production”, recording an average yield of 400 tonnes/year between 2008 and 2012, is assessed to be 

nearly US$1 million/year (Table 11). 

 

Table 11: Estimates of “non-marine aquaculture production – value”, Benin 

Notes: Where the indicator is composed of only one value, the value appears in the lowest estimate column. n.a. = not applicable. 

Species 
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Clarias gariepinus 2.4 139 334 n.a. 

Oreochromis niloticus 3.0 218 654 n.a. 

Total 400 988 n.a. 
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5.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In Benin, the “inland fish production – 

quantity” supplied comprehensively 27 000 tonnes per year with an estimated value between 

US$28 million and US$55 million (Table 12). The reliability of the “inland fish production” in quantity 

and value is considered medium on the basis of information on fish production and the level of 

consistency on unit prices among different data sources. 

 

Table 12: Estimates of “inland fish production” in quantity and value and related indicators, Benin 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) Source 
Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest 

estimate 

a. Inland capture fisheries 

production 
26 800 n.a. 26 758 53 516 Table 6, Table 9 

b. Aquaculture production 400 n.a. 988 988 Table 7, Table 11 

Inland fish production (a+b) 27 200 n.a. 27 746 54 504 
 

Aquaculture contribution to 

inland fish production (%) 
[b/(a+b)]×100 

1 n.a. 4 2 
 

Notes: Where the indicator is composed of only one value, the value appears in the lowest estimate column. n.a. =  not applicable. 

 

The “aquaculture contribution to inland fish production” between 2008 and 2012 is estimated to be 

1 percent in terms of quantity and between 2 and 4 percent in terms of value. However, the reliability of 

the “aquaculture contribution to inland fish production” in quantity and value is considered low given that 

the indicators are currently compiled on the basis of official aquaculture statistics, which may not record 

within aquaculture production the species farmed in extensive subsistence aquaculture systems. 

 

5.3 Fish-water productivity, Benin 

 

5.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In Benin, the annual “fish-water productivity – quantity” is estimated 

to be about 91 kg/ha (Table 13). 

 

Table 13: Estimates of “fish-water productivity – quantity”, Benin 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production (tonnes) 26 800  Table 6 

b. National estimate of aquaculture production (tonnes) 400  Table 7 

Water resources 

c. Inland water area (km2) 3 000  Table 4 

d. Aquaculture pond area (km2) << 100  Table 5 

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 91 Low  

 

It should be noted that in the three major coastal lagoons in the country, the recorded annual fish-water 

productivity values in the coastal lagoons of Lake Nokoué, Lake Ahémé and Porto-Novo are reported to 

be between 290 and 1 430 kg/ha (Table 14); no other information was found for other types of water 

resources. 
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Table 14: Local-level estimate of fish-water productivity by types of water resource, Benin 

Lake 

(kg of fish/ha  

of water) 

Reservoir 

(kg of 

fish/ha of 

water) 

River 

(kg of fish/ha 

of water) 

Floodplain 

(kg of fish/ha 

of water) 

Rice paddy 

(kg of fish/ha 

of water) 

Source 

290 n.d. n.d. n.d. n.d. Lorenzen et al., 2001 

377 

Lake Nokoué 
n.d. n.d. n.d. n.d. Jenness et al., 2007 

1 431 

Lake Nokoué 
n.d. n.d. n.d. n.d. Direction de pêches, 1997 

394 

Lake Ahémé 
n.d. n.d. n.d. n.d. Direction de pêches, 1997 

810 

Porto Novo 
n.d. n.d. n.d. n.d. Direction de pêches, 1997 

Note: n.d.= no data. 

 

By comparison, the fish-water productivity values recorded in whedos and acadjas aquaculture systems 

(Table 15) are reported to be in the range of 1 900–5 600 kg/ha.  

 

Among the analysed African countries, Benin records a relatively high value of the “fish-water 

productivity – quantity” indicator. This high value could be influenced by different factors, such as the 

natural high fish-water productivity of its coastal lagoons, the occurrence of traditional aquaculture 

systems such as acadjas in natural inland waters, and by a potential underestimate of the “inland water 

area” indicator. However, given the current uncertainty on the compiled value, its reliability is considered 

low. 

 

Table 15: Local-level estimate of fish-water productivity by type of aquaculture system, Benin 

Farmed species 
Fish-water productivity 

(kg/ha) 
Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish 3 000–5 000* Lorenzen et al., 2001 

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Unspecified cultured species 

Aquaculture in acadjas system 1 900–5 600 Toko et al., 2007 

*Number recorded in whedos. 
Note: n.d. = no data. 
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5.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in Benin 

varies between US$89 and US$177 (Table 16). 

 

The reliability of the indicator is considered low by taking into account the sparse amount of data 

available for its compilation and the likely underestimate of the “inland water area and aquaculture pond 

area”. 

 

Table 16: Estimate of “fish-water productivity – value”, Benin 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
26 758–53 516 

 
Table 9 

b. National estimate of aquaculture production (US$1 000) 988  Table 11 

Water resources 

c. Inland water area (km2) 3 000  Table 4 

d. Aquaculture pond area (km2) ≤ 100  Table 5 

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 89–177 Low  

 

5.4 Employment and livelihood, Benin 

 

5.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2012, official statistics reported by Benin to the FAO Fisheries and Aquaculture Department accounted 

for a number of 31 031 inland fishers and 2 975 aquaculture farmers (Table 17). The number of 

aquaculture farmers in 2012 is twice the number reported in 2011, and there is a strong discrepancy with 

the number of aquaculture farmers detected in a census of 2008 (MAEP, 2010). It should be noted that 

people operating in acadjas and whedos might be accounted for in national statistics as inland fishers 

rather than aquaculture farmers. 

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” 

spans between 34 000 and 124 000 people. The estimated number of fishers exceeds the maximum 

number of inland fishers expected in Benin on the basis of the extent of water resources in the country 

and the average densities of fishers recorded in Africa in different types of inland waters (see 

section 5.4.2).  

 

When the “overall number of inland fishers and aquaculture farmers” is divided over the “inland water 

area and aquaculture pond area” (3 000 km², Table 5), an estimated “average density of overall inland 

fishers and aquaculture farmers” of 11–41 people/km² is obtained. 

 

The reliability of the two compiled social indicators is considered low on the basis of several indications 

of a potential underestimate of the current value. The official number of inland fishers in the country 

(31 000 people) is likely to be underreported given that the number of inland fishers in the 1990s was 

estimated to be about 13 500 in Lake Nokoué alone (Atti-Mama, 1997). It should also be considered that 

in the city of Cotonou, fishing is reported to provide a livelihood to more than 15 000 people, including 

people fishing in the waters of Cotonou Lagoon and Lake Nokoué and in marine inshore waters (up to 

five nautical miles from the coast), as well the people selling fish and repairing boats (Dossou and 

Gléhouenou-Dossou, 2007). The inland fleet in Benin is estimated to have about 40 000 canoes (Stop 
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Illegal Fishing, no date). If the estimate of number of canoes is correct and every canoe is operated by  

2–3 people as in Lake Nokoué (Atti-Mama, no date), this leads to an estimate of about 80 000–121 000 

inland fishers in the country. Furthermore, according to Lalèyè et al. (2007b), there is a large number of 

people (300 000) who depend on inland fisheries. 

 

Table 17: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Benin 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 

31 031  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2012 

80 000–
121 000 

 
Estimated from  Stop Illegal 

Fishing, no date 

75 000  Neiland & Bénè, 2003 

b. Number of aquaculture farmers 

(people) 

2 975  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2012 

1 358  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2011 

931  MAEP, 2010 

c. Inland water area (km2) 3 000  Table 4 

d. Aquaculture pond area (km2) << 100  Table 5 

Regional estimates 

Number of fishers on Lake Nokoué 

(people) 
13 500  Atti-Mama, 1997 

Overall number of inland fishers and 

aquaculture farmers (people) (a+b) 
34 000–

124 000 
Low  

Average density of overall inland fishers 

and aquaculture farmers (people/km²) 

[(a+b)/(c+d)] 
11–41 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. n.d.= no data. 

 

5.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 

 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by coastal lagoons, lakes, reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Africa, as reported by 

FAO (1995).  

 

In the case of Benin, the “calculated number of inland fishers based on the extent of different types of 

inland waters” is estimated to be between 4 000 and 36 000 people (Table 18). The reliability of this 

indicator is considered low because the density values used are outdated and not specific to the analysed 

country.  
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Table 18: Calculated number of inland fishers by type of water resource, Benin 

Inland waters 

Computed 

theoretical 

number of 

fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Africa* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Africa*  

(people/km2) 

(c) 

Coastal lagoons 3 875–33 170  310 12.5 107 

Lakes 94–2 444  52 1.8 47 

Reservoirs n.a.  n.d. 2.4 19 

Flooded areas 268–803  2 678 0.1 0.3 

Calculated number of 

inland fishers based on 

the extent of different 

types of inland waters 

4 000–36 000 Low  

 *Source: FAO (1995).  

Notes: Indicator values have been rounded. n.a. = not applicable; n.d. = no data. 

 

5.5 Protein supply, Benin 

 

5.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators, Benin 

 

The national average of “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production. In Benin, the annual average 

“fish protein supplied by inland fish production” is estimated to be about 2 900 tonnes of proteins 

(Table 19).  

 

Table 19: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Benin 

Variable 

Proteins supplied 

by inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Total Reliability Source 

a. Freshwater and 

diadromous fish  
2 550 39 2 589 

  

FAO, 

2006−2016 

b. Crustaceans 313 n.d. 313     

c. Molluscs n.d. n.d. n.d.     

d. Other aquatic animals n.d. n.d. n.d.     

e. Proteins calculated from 

official production figures 

in 2008–2012 (tonnes) 

(a+b+c+d) 

2 900 ≤ 100 2 900 

   

f. Proteins calculated from 

non-official production 

estimate (tonnes) 

n.d. n.d. 
  

Fish protein supplied by inland fish production (tonnes) (e; f) 2 900 Medium  

g. Inland water area (km2) 3 000  Table 4 

h. Aquaculture pond area (km2) << 100  Table 5 

Fish-protein water productivity (kg/ha)  
[(e)/(g+h)×10] – [(f)/(g+h)×10] 

10 Low 
  

Notes: Indicator values have been rounded. n.d. = no data. 
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The national average “fish-protein water productivity”, measured in kg/ha, is obtained by dividing the 

“fish protein supplied by inland fish production” by the extent of “inland water area and aquaculture pond 

area”. The resulting “fish-protein water productivity” indicator expresses the average content of proteins 

provided by one hectare of water area available to the inland fisheries sector, which in Benin is estimated 

to be about 10 kg/ha (Table 19). 

 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered low owing to the lack of information on the composition of the 

inland capture fisheries and aquaculture production in the four groups of species considered. 
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6. CAMEROON 

 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

Cameroon. Table 20 provides an overview of all the values of the compiled indicators. 

 

Table 20: Summary of water-related indicators, Cameroon 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 13 900 6.1 

Percentage of inland water over country area (%) 3 6.1 

Percentage of permanent inland water over inland water area (%) 29 6.1 

Inland water area and aquaculture pond area (km²) 13 900 6.1 

Inland fish production − quantity (tonnes) 75 500 6.2 

Inland fish production − value (US$1 000) 25 595–189 160 6.2 

Aquaculture contribution to inland fish production – quantity (%) 1 6.2 

Aquaculture contribution to inland fish production – value (%) 6  6.2 

Fish-water productivity – quantity (kg/ha) 54 6.3 

Fish-water productivity – value (US$/ha) 18–136 6.3 

Overall number of inland fishers and aquaculture farmers (people) 147 700−150 200 6.4 

Calculated number of inland fishers based on the extent of different 

types of inland waters (people) 
7 000–92 000 6.4 

Average density of overall inland fishers and aquaculture farmers 

(people/km²) 
11 6.4 

Fish protein supplied by inland fish production (tonnes) 8 200 6.5 

Fish-protein water productivity (kg/ha) 6 6.5 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 

6.1 Water availability, Cameroon 

 

6.1.1 Estimates of “permanent inland waters” 

  

Cameroon has important inland water resources that include lakes, rivers and reservoirs. The most 

important waterbody is Lake Chad, which used to have an extent of 800 km² during the “Little Chad” 

phase and 1 800 km² during the “Normal Chad” phase (Vanden Bossche and Bernacsek, 1990). However, 

since the 1990s, Lake Chad has been gradually shrinking because of reduced precipitation and reduced 

inflows from its tributaries, resulting in a size equal to its “Little Chad” phase and even below (Nwafili 

and Gao, 2007). 

 

The estimate of “inland water area” reported by Vanden Bossche and Bernacsek (1990) includes 

3 000 km² covered by lakes and 1 500 km² by rivers, but does not explicitly consider large reservoirs, 

such as Bamendjin (250 km²), Lagdo (600 km²), Maga (240 km²), Mbakaou (500 km²) and Mayo-Oulo 

(800 km²), covering together about 2 390 km² (Neiland and Bené, 2008). 
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In the estimate reported by Vanden Bossche and Bernacsek (1990) and Lehner and Doll (2004), Lake 

Chad is considered in its “Normal Chad” phase despite the fact that its current size has been decreasing. 

 

The area of Lake Chad was digitalized from the Landsat (GLS) image, and the obtained polygon was 

overlaid on the Centre National d’Etudes Spatiales (CNES) Spot image of 2013, available in Google 

Earth. Because a good correspondence between the spatial features of the Landsat image and the CNES 

spot image was recorded, it has been assessed that the current overall extent of the open surface water of 

Lake Chad in Cameroon is about 701 km². 

 

The map provided by Lehner and Doll (2004) has been modified and updated, with the extent of 

Lake Chad derived from remote sensing. The resulting modified map includes lakes covering 1 184 km² 

(of which 701 km2 is occupied by Lake Chad), rivers covering 1 022 km², and reservoirs covering 

1 779 km², so the estimate of “permanent inland waters” is 3 985 km². However, this figure could be 

partially underestimating the area of “permanent inland waters”. In fact, other authors have reported 

higher estimates for rivers (1 500 km² by Vanden Bossche and Bernacsek, 1990) and reservoirs 

(2 390 km² by Neiland and Bené, 2008). 

 

The extent of rivers is indirectly considered within the “seasonally flooded areas”, so the extent of 

“inland water area” better reflects an overall estimate of surface waters in the country. 

 

6.1.2 Estimates of “seasonally flooded areas” 

 

Cameroon is characterized by different watersheds. In the north, the Benoué River (Benue) runs north 

and west and becomes a tributary of the Niger River, whereas the Logone-Chari River flows northward 

into Lake Chad. In the south, the principal rivers flow southwestward or westward directly to the Gulf 

of Guinea. 

 

The GlobCover map (2009) reported an overall extent of 9 897 km² of flooded areas in the country (ESA, 

2010). In Cameroon, one of the major floodplains is the Waza-Logone floodplain, which is also known as 

the Yaéré. With an extent of about 8 000 km², the plain is crossed by the Logone River, and a large 

extension is periodically inundated by the overbank flooding of the Logone River and seasonal rivers 

such as the Mayo Tsanaga, the Mayo Boula and the Mayo Vrick Rivers (IUCN, 2003). 

 

It should be noted that estimating the effective flooded area in Cameroon is difficult not only for the high 

variability of river runoff across years, but also for the occurrence of several dams. The hydrological 

regime has been modified in several rivers by the installation of the Maga and Yagoua dams on the 

Logone River; the Lagdo dam on the Benoue River; the Mbakaou dam on the Djerem River; the Chiddifi 

dam on the Mayo Oulo River; and the Edea, Song-Loulou, Mbakaou and Bamendjing dams on the 

Sanaga River (Hassan, 2006; Vanden Bossche and Bernacsek, 1990). 

 

Before the construction of the Maga dam along the Logone River and the containments of its banks, the 

average flooded area of the Waza-Logone floodplain was about 3 400 km², while its range varied 

between 2 500 km² (in dry years) and 3 800 km² (in wet years) (MacDonald, 1999). Fortnam and 

Oguntola (2004) also reported a flooded area of the Waza-Logone floodplain between 2 400–3 000 km². 

Both these estimates are lower than the range of 4 600–6 000 km² reported by Vanden Bossche and 

Bernacsek (1990). 

 

According to the hydraulic model developed by MacDonald (1999), the establishment of the Maga dam 

has reduced the flood extent by 1 000 km², while according to Fortnam and Oguntola (2004), the 

construction of the dam combined with reduced rainfall has eliminated about 600 km² of flooded areas 

and seriously affected 1 500 km². 
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A recent study of flooded areas in the Waza-Logone floodplain carried out through an analysis of satellite 

images between 2006 and 2008 detected that the peak flood level was reached in the month of October, 

with an average extent of about 4 233 km² within the analysed time period (Jung et al., 2011). 

 

Taking into account the results of these recent studies and the fact that in the western region of Cameroon 

there are numerous other perennial rivers with extensive floodplains (Vanden Bossche and Bernacsek, 

1990), the flooded extent (9 897 km²) mapped by ESA (2010) is considered a reasonable available 

estimate for the whole country. 

 

6.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” is estimated to be 13 900 km². “Inland water area” represents 3 percent 

of the entire country area (475 442 km², United Nations, 2011), and “permanent inland waters” constitute 

29 percent of the overall “inland water area” (Table 21). 

 

Table 21: Estimates of “inland water area” and related indicators, Cameroon 

Water resources Amount Reliability Source 

a. Permanent inland waters 

(km²) 

3 985  GIS: Modified from Lehner & Doll, 2004 

4 500  
Non-GIS: Vanden Bossche & Bernacsek, 

1990 

Regional estimates 

Area of Lake Chad in Cameroon 

in 2013 (km²) 
701  GIS: Interpretation of Landsat satellite image 

b. Seasonally flooded areas 

(km²) 
9 897  GIS: ESA, 2010 

Regional estimates 

Waza-Logone seasonally 

flooded areas after the 

construction of Maga dam (km²) 

4 233  GIS: Jung et al., 2011 

2 400  
Non-GIS: Fortnam & Oguntola, 2004 

Non-GIS: MacDonald, 1999 

Waza-Logone seasonally 

flooded areas 
4 600–6 000  

Non-GIS: Vanden Bossche & Bernacsek, 

1990a 

Inland water area (km²) (a+b) 

13 900 Medium  

19 638  GIS: Jenness et al., 2007 

2 730  Non-GIS: FAO, 2009 

Percentage of permanent 

inland water over inland 

water area (%) 

29 Medium  

Percentage of inland water 

over country area (%) 
3 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

The estimate of this study (13 900 km²) is lower than the extent (19 638 km²) reported by Jenness et al. 

(2007) using the World Conservation Monitoring Centre (WCMC) database. The discrepancy of about 

6 000 km² is likely to be caused by the differences in mapping the extent of Lake Chad and marshy areas. 

By comparison, the extent of inland waters recorded in the FAOSTAT database is 2 730 km². This value 

is likely to account only for the “permanent inland waters”. The figure is derived from the subtraction of 

country area and land area (FAO, 2009), which are official figures reported by the country to the FAO 

Statistics Department. 

 

It should be noted that Pouomogne and Pemsl (2008) report an extent of “inland water area” in Cameroon 

of about 40 000 km². However, this estimate includes also the whole extent area of major water basins 

and not only the surface of water resources within them, and thus cannot be compared with other 

available figures. 
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The reliability of the “inland water area” and related indicators is considered medium, taking into account 

the good consistency among available estimates at the national and regional levels. However, the area 

currently covered by “seasonally flooded areas” in the country needs to be confirmed.  

 

6.1.4 Estimates of “aquaculture pond area” and related indicators 

 

Cameroon is characterized by small-scale fish farms, with the unit of production being mainly small 

aquaculture ponds (200–400 m2). In the eastern part of Cameroon, some larger barrage-type ponds  

(500–1 000 m2) can be found. Moreover, in the north, especially in the Yaéré floodplain, there is a 

traditional semi-extensive aquaculture practice analogous to the whedos in Benin (Balarin, 1985). 

 

There is some uncertainty in the number of existing ponds, since already in the 1980s a large number of 

ponds were non-functional and only a small percentage of existing ponds were active (Balarin, 1985). 

According to the most recent available information reported by the country to the FAO Fisheries and 

Aquaculture Department, the “aquaculture pond area” in 2009 was about 240 ha. This figure has probably 

not been updated, as the same extent has been reported in 2004 by other authors who indicated the 

existence of about 7 000 ponds (more than half of them are new or rebuilt since 1995) with an average 

size of 350 m2 (Nguenga, Pouomogne and Brummett, 2008; Pouomogne and Pemsl, 2008). 

 

The reliability of the “inland water area and aquaculture pond area” indicator is considered low because 

of the sparse amount of data available for its compilation. The value of the “aquaculture pond area” is 

below 100 km2, and thus does not significantly contribute to the indicator value. 
 

Table 22: Estimates of the “aquaculture pond area” and related indicators, Cameroon 

Farmed species 
Surface 

(km²) 
Reliability Source 

a. Freshwater pond aquaculture 

Freshwater and diadromous fish  2  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2009; Nguenga, Pouomogne and 

Brummett, 2008; Pouomogne & 

Pemsl, 2008 

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

b. Brackish-water pond aquaculture  

Freshwater and diadromous fish  n.d.   

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

c. Unspecified pond aquaculture 

d. Estimated cage area n.d.   

Aquaculture pond area (a+b+c+d) << 100 Low  

Inland water area and aquaculture 

pond area 
13 900 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. The value of the “aquaculture pond area” is very low and less than 

100 km2, thus it does not significantly contribute to the indicator value. n.d = no data. 
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6.2 Inland fish production, Cameroon 

 

6.2.1 Estimates of “inland capture fisheries production – quantity” 

 

Available data related to inland capture fisheries production are partially constituted by official figures 

reported by the country and partially by FAO estimates (FAO, 2006−2016). However, the FAO estimates 

of a given year have been confirmed by official data of the subsequent year (Table 23). 

 

Table 23: Estimates of “inland capture fisheries production – quantity”, Cameroon 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 53 500  FAO, 2006−2016 

Average 2003–2007 68 876  FAO, 2006−2016 

Average 2008–2012 74 940  FAO, 2006−2016 

Regional estimates 

Annual production of the Waza-Logone 

floodplain 
12 000  Loth, 2004 

Estimate of inland capture fisheries 

production – quantity 
74 900 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

The national inland fish production (about 75 000 tonnes) mainly comes from the northern region 

(30 000 tonnes), and also from Lake Chad (30 000 tonnes), the central region (10 000 tonnes), and 

forested areas (5 000 tonnes) (FAO, 2007). However, it has been reported that coastal lakes and rivers are 

fished intensively as well as the Logone floodplains (Hughes and Hughes, 1992). Overfishing has also 

been pointed out as a potential threat to two Ramsar sites – the Barombi Mbo Crater Lake and the Sangha 

River (Ramsar, 2006). 

 

The reliability of the national “estimate of inland capture fisheries production – quantity” is considered 

medium on the basis of official statistics and on the level of consistency found in the comparison with 

regional estimates. 

 

6.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

Official figures reported by the country to the FAO Fisheries and Aquaculture Department show very low 

aquaculture production, which between 2008 and 2012 reached 600 tonnes/year (Table 24). 

 

In Cameroon, the primary species produced through aquaculture are tilapia (Oreochromis niloticus) and 

catfish (Clarias gariepinus), which are raised either in monoculture or polyculture. Occasionally, tilapia 

and catfish are cultured in association with kanga (Heterotis niloticus), snakehead fish (Parachanna 

obscura) and/or carp (Cyprinus carpio) (Leschen, 2011; Nguenga, Pouomogne and Brummett, 2008). 

Catfish seeds are commonly purchased from private suppliers or are captured in the Nkam River Basin. 

In 2006, about 10 tonnes of catfish were harvested from the Nkam River, and 300 000 Clarias jaensis 

fingerlings and 50 000 C. gariepinus were collected for aquaculture growout (Poumogne, 2008). 

 

Table 24: Estimates of “non-marine aquaculture production – quantity”, Cameroon 

Fish production Amount (tonnes) Reliability Source 

Average 1996–2000 133  FAO, 2006−2016 
Average 2001–2005 432  FAO, 2006−2016 
Average 2006–2010 561  FAO, 2006−2016 
Estimate of non-marine aquaculture 

production – quantity 
600 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded 
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The reliability of the current national “estimate of non-marine aquaculture production– quantity”  is 

considered medium since this figure is based on official statistics and it is in agreement with the 2004 

aquaculture production quantity of 650 tonnes reported by Pouomogne and Pemsl (2008). 

 

6.2.3 Estimates of “inland capture fisheries production – value” 

 

A field survey conducted in 2006 that aimed at investigating the implications of wood exploitation for 

fish smoking also reported the first-sale prices of fish sold to fish smokers, which was recorded to be 

between US$0.3 and US$2.5 per kg (Feka and Manzano, 2008). 

 

In addition, at the market of Yaoundé, the wholesale price of catfish captured along the Nyong River is 

reported to be between US$2.4 and US$3 per kg depending on the season (Brummett, 2006). Wholesale 

prices are always higher than first-sale prices, and catfish in Cameroon is usually considered to be very 

pricey (Table 25). 

 

Table 25: Estimates of first-sale prices of wild caught species, Cameroon 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and diadromous 

fish  

0.3–2.5 Feka & Manzano, 2008 

(0.7) Neiland & Béné, 2008 

Catfish [2.4–3] Brummett, 2006 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period of 

2008−12. Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, or 
to dry, smoked or salted fish (see text for details). Bold highlights the data used.  

 

By using the first-sale prices reported in Table 25, the “estimated value of inland capture fisheries 

production”, recording an average yield of 74 900 tonnes/year between 2008 and 2012, is assessed to be 

between US$24 million and US$187 million per year (Table 26). 

 

Table 26: Estimates of “inland capture fisheries production – value” based on official statistics, 

Cameroon 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012  

(tonnes) 

Value using 

lowest unit price 

 (US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and 

diadromous fish  
0.3–2.5 74 940 23 981 187 350 

Total 74 900 23 981 187 350 

 

6.2.4 Estimates of “non-marine aquaculture production – value” 

 

There are several unit prices reported for aquaculture species in Cameroon. The values reported by 

Brummett et al. (2005) are used as baseline reference figures, their being values referencing an earlier 

time frame than the analysed time period of 2008–12 (Table 27).  

 

In Cameroon, catfish are considered a more valuable species than tilapia, and this is usually reflected in 

higher prices. The farmgate price of catfish is reported to be between US$4.3 and US$5 per kg. 

In this case, the unit price of US$4.3/kg officially reported both by the country to the FAO Fisheries and 

Aquaculture Department as well as by Ponzoni and Nguyen (2008) has been used. The farmgate price of 

tilapia is reported to be between US$2.9 and US$3 per kg (Brummett, 2008; FAO, 2006–2016). 
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Table 27: Estimates of farmgate prices of aquaculture species, Cameroon 

Species 
Unit price 

(US$/kg) 
Source 

Freshwater and 

diadromous fish  

3.8 FAO, 2006−2016 

1.0–2.4 Che, 2007 

1.0–1.8 Brummett, Daniel & Jamu, 2011 

(2.3) Brummett et al., 2005 

Clarias spp. 

4.3 FAO, 2006−2016; Ponzoni & Nguyen, 2008 

4.5–5.0 Brummett, 2008 

(3.0) Brummett et al., 2005 

Oreochromis spp. 

3.0 Brummett, 2008 

2.9 FAO, 2006−2016 

2.9 Ponzoni & Nguyen, 2008 

(1.9) Brummett et al., 2005 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period of 
2008−12. Bold highlights the data used.  

 

The farmgate price of the group of freshwater and diadromous fish has been considered to be between 

US$1 and US$2.4 per kg, which are values that refer to a survey carried out in the Nkam Valley (Che, 

2007). The survey reported that fish are usually sold in heaps or strung on ropes and that weighing scales 

are rarely used; fish is usually sold between US$1 and US$1.6 per kg, but can reach US$2.4/kg. In fact, 

fish market prices are higher when fish is sold along the road compared with fish sold at the market or 

directly at the fish farmer’s house (Che, 2007). 

 

Table 28: Estimates of “non-marine aquaculture production – value”, Cameroon 

Species 
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and diadromous 

fish  
1.0–2.4 119 119 286 

Clarias gariepinus 4.3 152 654 654 

Oreochromis niloticus 2.9–3.0 290 841 870 

Total 600 1 614 1 810 

 

By using the farmgate prices reported in Table 28, the “estimated market value of aquaculture 

production”, recording an average yield of 600 tonnes/year between 2008 and 2012, is assessed to be 

between US$1.6 million and US$1.8 million per year. 

6.2.5 National estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In Cameroon, the “inland fish production 

– quantity” supplied comprehensively 76 000 tonnes per year with an estimated value between 

US$26 million and US$190 million (Table 29).  

 

The reliability of the “inland fish production” assessed in terms of quantity is considered medium, 

whereas it is low when assessed in terms of value given the reported wide range of unit prices of wild 

caught species. 
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The “aquaculture contribution to inland fish production” between 2008 and 2012 is estimated to be 

1 percent in terms of quantity and between 1 and 6 percent in terms of value; their reliability is 

considered medium on the basis of information on fish production and the level of consistency on 

farmgate prices among different data sources. 

 

Table 29: Estimates of “inland fish production” in quantity and value and related indicators, 

Cameroon 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest  

estimate 

a. Inland capture fisheries 

production 
74 900 n.a. 23 981 187 350 Table 23, Table 26 

b. Aquaculture production 600 n.a. 1 614 1 810 Table 24, Table 28 

Inland fish production 

(a+b) 
75 500 n.a. 25 595 189 160  

Aquaculture 

contribution to inland 

fish production (%) 
[b/(a+b)]×100 

1 n.a. 6 1  

Notes: Where the indicator is composed of only one value, the value appears in the lowest estimate column. n.a. = not applicable. 

 

6.3 Fish-water productivity, Cameroon 

 

6.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In Cameroon, the annual “fish-water productivity – quantity” is 

estimated to be about 54 kg/ha (Table 30). 

 

Table 30: Estimates of “fish-water productivity – quantity”, Cameroon 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production (tonnes) 74 900  Table 23 

b. National estimate of aquaculture production (tonnes) 600  Table 24 

Water resources 

c. Inland water area (km2) 13 900  Table 21 

d. Aquaculture pond area (km2) <<100  Table 22 

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 54 Medium  

 

The reliability of the “fish-water productivity – quantity” is considered medium, as the value seems to be 

a reasonable estimate at the national level. In fact, about one-sixth of the national “inland fish 

production” came from the Yaéré floodplain, with the local annual fish-water productivity recorded for 

this floodplain reported to be between 40 and 60 kg/ha (Table 31). 

 

The value of the “fish-water productivity – quantity” mostly reflects the fish-water productivity from 

inland capture fisheries rather than the fish-water productivity from aquaculture production. This occurs 

because of the limited aquaculture production and “aquaculture pond area” in the country. 
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Table 31: Local-level estimate of fish-water productivity by types of water resource, Cameroon 

Lake 

(kg of fish/ha of 

water) 

Reservoir 

(kg of fish/ha of 

water) 

River 

(kg of 

fish/per ha 

of water) 

Floodplain 

(kg of fish/ha of 

water) 

Rice paddy 

(kg of fish/ha 

of water) 

Source 

n.d. 
175 

Lagdo Reservoir 
n.d. n.d. n.d. Van der Kamp, 1994 

n.d. n.d. 11 n.d. n.d. 
Welcomme & 

Lymer, 2012 

n.d. n.d. n.d. 
42–46 

Waza-Logone 
n.d. Loth, 2004 

n.d. n.d. n.d. 
25–43 

Waza-Logone 
n.d. Welcomme, 1979 

n.d. n.d. n.d. 
40–60 

Waza-Logone 
n.d. 

De Iongh, Hamling 

& Zuiderwijk, 1998 

Note: n.d. = no data. 

 

However, the estimated fish-water productivity (2 500 kg/ha) from aquaculture production at the national 

level is within the values of fish-water productivity reported for different aquaculture systems (Table 32). 

It is reported that aquaculture production in Cameroon is dominated by semi-extensive small units of 

production, which make use of compost cribs placed into earthen ponds and loaded with organic inputs. 

This system enriches water with nutrients and is usually able to provide an annual average production of 

2 000 tonnes/year. A small number of wealthier farmers (estimated at about 15 percent) use balanced 

pellet diets and have yields between 9 000 and 16 000 tonnes/year (Nguenga, Pouomogne and 

Brummett, 2008).  

 

Table 32: Local-level estimate of fish-water productivity by type of aquaculture system, Cameroon 

Farmed species 

Fish-water 

productivity 

(kg/ha) 

Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish 1 200 Bogne Sadeu et al., 2008 

Rohu 1 800 Bogne Sadeu et al., 2008 

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish 3 000–5 000 Lorenzen et al., 2001 

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Unspecified cultured species 

Recorded fish-water productivity recorded  in the  

Noun division 
1 263 Pouomogne & Pemsl, 2008 

Recorded fish-water productivity recorded  in the 1 600 Pouomogne & Pemsl, 2008 
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Farmed species 

Fish-water 

productivity 

(kg/ha) 

Source 

Menoua division 

Recorded fish-water productivity recorded in the  

Meme division 
2 000 Pouomogne & Pemsl, 2008 

Recorded fish-water productivity recorded in the  

Lékiè division 
2 100 Pouomogne & Pemsl, 2008 

Recorded fish-water productivity using compost cribs 
2 000 

Nguenga, Pouomogne & 

Brummett, 2008 

Recorded fish-water productivity using pellet feed 
9 000–16 000 

Nguenga, Pouomogne & 

Brummett, 2008 

Note: n.d. = no data. 

 

6.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in 

Cameroon varies between US$18 and US$136 (Table 33). 

 

The reliability of the indicator is considered low because of its wide range of values. The value range of 

the indicator is caused by the variability in the unit prices used for the valuation of the inland capture 

fisheries production. A finer price calibration will also affect the current compiled value of the 

“fish-water productivity – value” indicator. 

 

Table 33: Estimate of “fish-water productivity – value”, Cameroon 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
23 981–187 350 

 
Table 26 

b. National estimate of aquaculture production (US$1 000) 1 613–1 781 
 Table 28 

Table 25 

Water resources 

c. Inland water area (km2) 13 900  Table 21 

d. Aquaculture pond area (km2) << 100  Table 22 

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 18–136 Low  
 

6.4 Employment and livelihood, Cameroon 

 

6.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2012, official statistics reported by Cameroon to the FAO Fisheries and Aquaculture Department 

accounted for a number of 146 008 inland fishers in the country, while in 2009 the reported number was 

only 3 500 people. Official statistics of 2009 clearly constitute an underestimate when considering 

regional figures available for different fishing areas (Table 34). 

 

In particular, surveys in Lagdo and Maga Reservoirs reported an overall number of 5 680 inland fishers 

(Van der Kamp, 1994), which is already larger than the 2009 national reported figure. Moreover, the 

number of fishers in the Waza-Logone floodplain, one of the key areas for fishing activities, alone is 

estimated to have 67 284 fishers. In 2000, Béné et al. (2000) surveyed 21 villages in the Yaéré 

floodplain. The average village size included 42 households and, on average, each household comprised 
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three adults. All surveyed households were involved in fishing activities. Thus, the number of fishers 

within the 21 surveyed villages was about 2 646 people considering an average size of 42 households per 

village and three adults per household. If the same applies to the remaining 534 villages located in the 

Waza-Logone floodplain, this would have an estimate of 67 284 inland fishers. 

 

Table 34: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Cameroon 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 

146 008  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

3 500  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2009 

100 000  FAO, 2007 

65 000  Béné et al., 2000 

b. Number of aquaculture farmers (people) 

1 670  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

4 200  Poumogne & Pemsl, 2008 

4 000  
Nguenga, Pouomogne & 

Brummett, 2008 

3 000  Toguyeni, 2004 

c. Inland water area (km2) 13 900  Table 21 

d. Aquaculture pond area (km2) << 100  Table 22 

Regional estimates 

Number of fishers on Lagdo and Maga Reservoirs 1 811  Van der Kamp, 1994 

Number of fishers on Lagdo Reservoir 3 869  Van der Kamp, 1994 

Number of fishers on Waza-Logone floodplain 
10 000  Loth, 2004 

67 284  Béné et al., 2000 

Overall number of inland fishers and 

aquaculture farmers (people) (a+b) 
147 700–

150 200 
Medium  

Average density of overall inland fishers and 

aquaculture farmers (people/km²) [(a+b)/(c+d)] 
11 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

In addition, the official statistics of 2012 seem in agreement with the available regional estimates and 

with the national estimate of 100 000 inland fishers in the country reported in FAO (2007). In 2012, the 

official statistics reported to the FAO Fisheries and Aquaculture Department had a figure of 

1 670 aquaculture farmers, which is about half or less than the non-official estimates of aquaculture 

reported by other available sources. Therefore, both official statistics (1 670 people) and the non-official 

estimate (4 200 people) of aquaculture farmers in 2006 reported by Pouomogne and Pemsl (2008) have 

been used to compile the social indicators. 

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” 

spans between 147 700 and 150 200 people. The number of fishers exceeds the maximum number of 

inland fishers expected in Cameroon on the basis of the extent of water resources in the country and the 

average densities of fishers recorded in Africa in different types of inland waters (see section 6.4.2). 

 

When the “overall number of inland fishers and aquaculture farmers” of 147 700–150 200 people is 

divided over the “inland water area and aquaculture pond area” (13 900 km², Table 22), an estimated 

“average density of overall inland fishers and aquaculture farmers” of 11 people/km² is obtained. The 

reliability of these two social indicators is considered medium on the basis of the occurrence of official 

statistics and the level of consistency found in the comparison with regional estimates. 
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6.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 

 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by coastal lagoons, lakes, reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Africa, as reported by FAO 

(1995). In the case of Cameroon, the “calculated number of inland fishers based on the extent of different 

types of inland waters” is estimated to be between 7 000 and 92 000 people (Table 35). 

 

Table 35: Calculated number of inland fishers by type of water resource, Cameroon 

Inland waters 

Computed 

theoretical 

number of 

fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Africa* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Africa* 

(people/km2) 

(c) 

Coastal lagoons n.a.  n.d. 12.5 107 

Lakes 2 131–55 648  1 184 1.8 47 

Reservoirs 4 270–33 801  1 779 2.4 19 

Flooded areas 990–2 969  9 897 0.1 0.3 

Calculated number of 

inland fishers based on 

the extent of different 

types of inland waters 

7 000–92 000 Low  

*Source: FAO (1995).  

Notes: Indicator values have been rounded.  n.a. = not applicable; n.d. = no data. 

 

The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the analysed 

country.  

 

6.5 Protein supply, Cameroon 

 

6.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 

 

The national average of “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production.  

 

In Cameroon, the annual average “fish protein supplied by inland fish production” is estimated to be 

about 8 200 tonnes of proteins. The national average “fish-protein water productivity”, measured in 

kg/ha, is obtained by dividing the “fish protein supplied by inland fish production” by the extent of 

“inland water area and aquaculture pond area”. The resulting “fish-protein water productivity” indicator 

expresses the average content of proteins provided by one hectare of water area available to the inland 

fisheries sector, which in Cameroon is estimated to be about 6 kg/ha (Table 36). 

 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered low owing to the lack of information on the composition of the 

inland capture fisheries and aquaculture production in the four groups of species considered.  
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Table 36: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Cameroon 

Variable 

Proteins supplied 

by inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Amount Reliability Source 

a. Freshwater and diadromous 

fish  
8 168 61 8 229 

  

FAO, 

2006−2016 

b. Crustaceans n.d. n.d. n.d.     

c. Molluscs n.d. n.d. n.d.     

d. Other aquatic animals n.d. n.d. n.d.     

e. Proteins calculated from 

official production figures in 

2008–2012 (tonnes) 

(a+b+c+d) 

8 200 100 8 200 

   

f. Proteins calculated from 

non-official production 

estimate (tonnes) 

n.d. n.d. 
  

Fish protein supplied by inland fish production (tonnes) (e; f) 8 200 Low  

g. Inland water area (km2) 13 900  Table 21 

h. Aquaculture pond area (km2) << 100  Table 22 

Fish-protein water productivity (kg/ha)  
[(e)/(g+h)×10] – [(f)/(g+h)×10] 

6 Low 
  

Notes: Indicator values have been rounded. n.d.= no data. 
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7. CHAD 

 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

Chad. Table 37 provides an overview of all the values of the compiled indicators. 

 

Table 37: Summary table of water-related indicators, Chad 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 100 800 7.1 

Percentage of inland water over country area (%) 8 7.1 

Percentage of permanent inland water over inland water area (%) 3 7.1 

Inland water area and aquaculture pond area (km²) 100 800 7.1 

Inland fish production – quantity (tonnes) 91 800 7.2 

Inland fish production – value (US$1 000) 201 960 7.2 

Aquaculture contribution to inland fish production – quality (%) n.d. 7.2 

Aquaculture contribution to inland fish production – value (%) n.d. 7.2 

Fish-water productivity – quantity (kg/ha) 9 7.3 

Fish-water productivity – value (US$/ha) 20 7.3 

Overall number of inland fishers and aquaculture farmers (people) 435 200 7.4 

Calculated number of inland fishers based on the extent of different 

types of inland waters (people) 
13 000–119 000 7.4 

Average density of inland fishers and aquaculture farmers (people/km²) 4 7.4 

Fish protein supplied by inland fish production (tonnes) 10 000 7.5 

Fish-protein water productivity (kg/ha) 1 7.5 

Note: n.d. = no data. 

 

In the following sections existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 

7.1 Water availability, Chad 

 

7.1.1 Estimates of “permanent inland waters” 

 

In Chad, the most important waterbody is represented by Lake Chad, which had a reduced extent during 

the “Little Chad” phase and an enlarged extent during the “Normal Chad” phase (Vanden Bossche and 

Bernacsek, 1990). However, since the 1990s Lake Chad has been gradually shrinking; reduced 

precipitation and reduced inflows from its tributaries have caused the lake to reduce in size to about 

1 500 km² (Nwafili and Gao, 2007). 

 

The “permanent inland waters” mapped by Lehner and Doll (2004) include 10 712 km² of lakes and 

943 km² of rivers. However, the extent of lakes includes Lake Chad in its “Normal Chad” phase, despite 

the fact that its current size has been decreasing. 
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The area of Lake Chad has been digitalized from a Landsat (GLS) image and the obtained polygon was 

overlaid on the CNES Spot image of 2013, available on Google Earth. As a good correspondence 

between the spatial features of the Landsat image and CNES spot image was recorded, it is assessed that 

the current overall extent of the open surface water of Lake Chad, in Chad, is about 936 km². 

 

The map provided by Lehner and Doll (2004) has been modified and updated, with the area of Lake Chad 

derived from remote sensing. Thus, the resulting modified map includes lakes covering 1 917 km² (of 

which 936 is occupied by Lake Chad) and rivers covering 943 km², so that the estimate of “permanent 

inland waters” is 2 860 km². 

 

This estimate was used since it represented more updated information, which more truly reflects the 

current extent of Lake Chad and other lakes. Besides Lake Chad, the area of other lakes (981 km²) 

derived from the Global Lakes and Wetlands Database (GLWD) (Lehner and Doll, 2004) is very similar 

to the figure (1 085 km²) reported by Vanden Bossche and Bernacsek (1990), which includes the lakes of: 

Lake Iro (200 km²); Lake Fitri (minimum 420 km², maximum 1 200 km², average 810 km²); Lake Tikem 

(14 km²); Lake Fianga (28 km²); Lake Lere (40.5 km²); and Lake Trene (12 km²). 

 

On the contrary, the extent of rivers (943 km²) derived from the GLWD (Lehner and Doll, 2004) could be 

an underestimate, considering the length of the Chari River (1 200 km) whose main tributaries are the 

Salamat (950 km) and Azoum Rivers. The extent of rivers is indirectly considered within the “seasonally 

flooded areas”, so the “inland water area” indicator better reflects an overall estimate of surface waters in 

the country. 

 

7.1.2 Estimates of “seasonally flooded areas” 

 

The most comprehensive estimate (97 900 km²) of the “seasonally flooded areas” in Chad is reported by 

Hughes and Hughes (1992), which includes flooded areas along the Bahr Aouk and Bahr Salamat Rivers 

(extent of 49 950 km²), the Chari River (extent of 26 950 km²), and along the Logone-Marba River 

(extent of 21 000 km²). It is difficult to assess the current extent of “seasonally flooded areas” given that 

the GlobCover map only covers a very limited portion of these areas (ESA, 2010). 

 

7.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” is estimated to be 100 800 km². “Inland water area” represents 

8 percent of the entire country area (1 284 000 km², United Nations, 2011) and “permanent inland 

waters” constitute 3 percent of the overall “inland water area” (Table 38). 

 

Table 38: Estimates of “inland water area” and related indicators, Chad 

Water resources Amount Reliability Source 

a. Permanent inland waters (km²) 
2 860  GIS: Modified from Lehner & Doll, 2004 

1 085*  Non-GIS: Vanden Bossche & Bernacsek, 1990 

Regional estimates 

Water area of Lake Chad within 

Chad in 2013 (km²) 
936  GIS: Interpretation from Landsat satellite image 

b. Seasonally flooded areas (km²) 
97 900  Non-GIS: Hughes & Hughes, 1992 

2 682  GIS: ESA, 2010 

Inland water area (km2) (a+b) 

100 800 Low  

152 251  GIS: Jenness et al., 2007 

24 800  Non-GIS: FAO, 2011 

Percentage of permanent inland 

water over inland water area (%) 
3 Low  

Percentage of inland water over 

country area (%) 
8 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

           *Excluding the extent of Lake Chad 
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The estimate of this study (100 800 km²) is lower than the extent (152 251 km²) reported by Jenness 

et al. (2007), using the WCMC database. The discrepancy of about 51 000 km² is likely to be caused by 

differences in mapping the extent of Lake Chad and the marshy areas. By comparison, the extent of 

inland waters recorded in the FAOSTAT database is 24 800 km², and it is about four times lower than the 

“inland water area” assessed in this study. The FAOSTAT value is derived from the difference between 

“country area” and “land area” (FAO, 2011), which are official figures reported by the country to the 

FAO Statistics Department. 

 

The reliability of the “inland water area” and related indicators is considered low because of the lack of 

updated information on the current extent of the “seasonally flooded area” and the consequently likely 

overestimate provided. 

 

7.1.4 Estimates of “aquaculture pond area” and related indicators 

 

Finger ponds have been established at the edge of Lake Chad (Halwart and van Dam, 2006), but there is 

no available information of their extents nor of other ponds used for aquaculture in the country. 

 

7.2 Inland fish production, Chad 

 

7.2.1 Estimates of “inland capture fisheries production – quantity” 

 

The current official statistics reported by Chad lead to a five-year estimate of fish production from inland 

capture fisheries of about 90 000 tonnes/year between 2008 and 2012. This figure corresponds to the 

estimate given by Neiland and Bènè (2008), who reported that in 1996 the national inland fish production 

of the country was close to 90 000 tonnes/year, with 30 000 tonnes from Lake Chad and the remaining 

60 000 tonnes from the Chari-Logone river system (Table 39). 

 

Table 39: Estimates of “inland capture fisheries production – quantity”, Chad 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 67 820  FAO, 2006−2016 

Average 2003–2007 76 600  FAO, 2006−2016 

Average 2008–2012 91 800  FAO, 2006−2016 

National inland capture fisheries 

production 
61 000  De Young et al., 2012 

National inland capture fisheries 

production 
90 000  Neiland & Béné, 2008 

Regional estimates 

Annual production from  the 

Lake Chad  basin 
100 000  De Young et al., 2012 

Annual production from  the 

Lake Chad  basin 
60 000–85 000   

Odada, Oyebande & 

Oguntula, 2006 

Annual production from  the 

Lake Chad  basin 
60 000–70 000  WWF International, 2006 

Estimate of inland capture 

fisheries production – quantity 
91 800 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

It should be noted that official statistics often approximate the best speculative estimates for the whole 

Chad basin (Welcomme, 1979) and that there is a lack of robust time-series data (Odada et al., 2006). 

 

During the expert meeting in fisheries and aquaculture, held in June 2011 by members of the Lake Chad 

Basin Commission, the national inland capture production of Chad was reported to be about 

61 000 tonnes/year, which clearly fluctuates annually according to the rainfall pattern and fishing effort 
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(De Young et al., 2012). In order to estimate the overall “inland fish production”, fish production from 

Lake Chad and the Chari-Logone river system should be assessed.  

 

The open waters of Lake Chad within Chad are considered the richest and the most productive of the 

whole lake (Welcomme, 1979). According to Odada, Oyebande and Oguntula (2006), the present annual 

fish production of the Lake Chad Basin ranges between 60 000 and 85 000 tonnes. This estimate is 

similar to the amount reported by WWF International (2006). According to Odada, Oyebande and 

Oguntula (2006), the environmental conditions of Lake Chad have been deteriorating gradually, as the 

decrease in the water level has contributed to siltation of the lake and to eutrophication with the growth of 

invasive species belonging to the genus Typha. According to what was reported by the Chad government 

in De Young et al. (2012), the current annual production for the Lake Chad Basin is still 

100 000 tonnes/year, as earlier estimated by Neiland (1992). However, as advised by (Welcomme and 

Lymer, 2012), current figures of “inland fish production” should be considered with caution, as several 

countries in the Lake Chad Basin are reporting an increasing trend in fish production despite the 

apparently deteriorating aquatic conditions. 

 

The fish production of the Lake Chad Basin should include not only the fish production from Lake Chad 

itself, but also the production from the floodplains. Even when assuming the low productivity of these 

floodplains (as little as 10 kg/ha), as suggested by Welcomme (1979), the extent of the floodplains 

estimated at about 98 000 km² should produce about 98 000 tonnes of fish per year. 

 

Thus, the current value of the national statistics of inland capture fisheries production could be 

underreported, as it may not fully take into account the production from the floodplains; consequently, 

the reliability of the “estimate of inland capture fisheries production – quantity” is considered low. 

 

7.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

There are no data related to aquaculture production in the country. 

 

7.2.3 Estimates of “inland capture fisheries production – value” 

 

In Chad, there is a paucity of first-sale prices at landings, and the only available information refers to 

Lake Chad fisheries (Table 40) where fish price fluctuated according to the season and according to the 

annual fish catch from Lake Chad (Rimadoum, no date). Two recent estimates of first-sale prices are 

reported to be between US$2 and US$2.4 per kg (de Graaf et al., 2014; Rimadoum, no date).  

 

Table 40: Estimates of first-sale prices of wild caught species, Chad 

Species 
Unit price 

(US$/kg) 
Source 

Freshwater and 

diadromous fish  

2.2 de Graaf et al., 2014 

2.0–2.4 Rimadoum, no date 

(0.6) Neiland and Béné, 2008 

(0.4) Batello, Touré and Kenmore, 2004 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period of 
2008−12. Bold highlights the data used.  

 

As expected, these recent reported fish prices are higher than the earlier estimate of US$0.6/kg reported 

by Neiland and Béné (2008). Some consistency was also found between the estimate of US$0.6/kg 

reported by Neiland and Béné (2008) and the estimate of US$0.4/kg reported by Batello, Touré and 

Kenmore (2004), which is based on the amount of fish traded in 2000/2001 in Baga-Doro, the largest fish 

market in the Lake Chad Basin, where about 48 942 tonnes of live weight fish were reported to be sold at 

a total value of about US$20 million.  
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By using the first-sale prices reported in Table 40, the “estimated value of inland capture fisheries 

production”, recording an average yield of 91 800 tonnes/year between 2008 and 2012, is assessed to be 

over US$200 million/year (Table 41). 

 

Table 41: Estimates of “inland capture fisheries production – value” based on official statistics, 

Chad 

Species 
Unit price 

(US$/kg) 

Average 

production 

2008–2012  

(tonnes) 

Value using 

lowest unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and 

diadromous fish  
2.2 91 800 201 960 n.a. 

Total 91 800 201 960 n.a. 

Note: n.a. = not applicable. 

 

7.2.4 Estimates of “non-marine aquaculture production – value” 

 

There are no data related to the farmgate price of aquaculture species and on aquaculture production.  

 

7.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. However, in Chad, there are no reported 

data on aquaculture production; therefore, its contribution to “inland fish production” could not be 

assessed. On the basis of information available, the “inland fish production – quantity” between 2008 and 

2012 supplied comprehensively 92 000 tonnes per year with an estimated value of about US$202 million  

(Table 42). Its reliability is considered low given the uncertainty of the information on inland capture 

fisheries production and the sparse availability on fish unit prices. 

 

Table 42: Estimates of “inland fish production” in quantity and value and related indicators, Chad 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest  

estimate 

a. Inland capture fisheries 

production 
91 800 n.d. 201 960 n.a. Table 39; Table 41 

b. Aquaculture production n.d. n.a. n.d. n.a.  

Inland fish production (a+b) 91 800 n.a. 201 960 n.a.  

Aquaculture contribution to 

inland fish production (%) 
[b/(a+b)]×100 

n.a. n.a. n.a. n.a.  

Notes: Where the indicator is composed of only one value, the value appears in the lowest estimate column. n.a. = not applicable; n.d.= no data 

 

7.3 Fish-water productivity, Chad 

 

7.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. Chad’s annual “fish-water productivity – quantity” is estimated to be 

about 9 kg/ha (Table 43). The indicator value seems rather low; such outcome could have been caused by 

a potentially underestimation of the “inland fish production – quantity” in addition to the likely 

overestimated extent of the “inland water area”. 
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Table 43: Estimates of “fish-water productivity – quantity”, Chad 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production (tonnes) 90 000  Table 39 

b. National estimate of aquaculture production  (tonnes) n.d.   

Water resources 

c. Inland water area (km2) 100 800  Table 38 

d. Aquaculture pond area (km2) n.d.   

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 9 Low  

Note: n.d.= no data. 
 

No data are available to compare the indicator value with the fish-water productivity recorded at the local 

level in different types of water resources nor in different aquaculture systems. As a result, the reliability 

of the indicator is currently considered low. 

 

7.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in Chad is 

about US$20 (Table 44). 

The reliability of the indicator is considered low because of the lack of information on first-sale prices 

and the likely overestimation of the “inland water area”.  

 

Table 44: Estimate of “fish-water productivity – value”, Chad 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
201 960 

 
Table 39 

b. National estimate of aquaculture production (US$1 000) n.d.   

Water resources 

c. Inland water area (km2) 100 800  Table 38 

d. Aquaculture pond area (km2) n.d.   

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 20 Low  
 

7.4 Employment and livelihood, Chad 

 

7.4.1 Estimates of the “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2012, official figures reported by Chad to the FAO Fisheries and Aquaculture Department accounted 

for 435 100 inland fishers and 83 aquaculture farmers in the country (Table 45). Assessing the number of 

inland fishers in Lake Chad can be challenging due to the remote locations of many fishing villages and 

the fact that people living around Lake Chad engage in farming activities most of the year and thus tend 

to consider themselves as farmers rather than fishers (Sarch and Birkett, 2000).  

 

When the reported number of inland fishers and aquaculture farmers (435 200 people) is divided by the 

extent of “inland water area” (100 800 km², Table 44), an average density of 4 people/km² is obtained. As 

expected, the reported number of fishers exceeds the maximum number of inland fishers expected in 



68 

 

Chad on the basis of the extent of water resources in the country and the average densities of fishers 

recorded in Africa in different types of inland waters (see section 7.4.2). However, it is interesting to note 

that if the historical extent of Lake Chad in its large phase (estimated at about 10 700 km2 from Lehner 

and Doll, 2004) is used for this theoretical calculation, a figure of 530 000 inland fishers is obtained. It 

seems that the reported statistics could better fit a previous situation with larger availability of water 

resources.  

 

In addition, the reported official figure of the number of inland fishers is three times larger than the 

earlier non-official estimate reported for the whole Lake Chad region; therefore, the reliability of the two 

compiled social indicators is considered low and more information would be needed to confirm the 

available data. 

 

Table 45: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Chad 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 

435 100  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2012 

380 000  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2010 

b. Number of aquaculture farmers (people) 83  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2012 

c. Inland water area (km2) 100 800  Table 38 

d. Aquaculture pond area (km2) n.d.   

Regional estimates 

Number of fishers in Lake Chad region 
150 000  Neiland & Béné, 2006 

170 000  Jolley, Béné & Neiland, 2001 

Overall number of inland fishers and 

aquaculture farmers (people) (a+b) 
435 200 Low  

Average density of overall inland fishers and 

aquaculture farmers (people/km²) 
[(a+b)/(c+d)] 

4 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. n.d. = no data. 

 

7.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 

 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by coastal lagoons, lakes, reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Africa, as reported by FAO 

(1995). In the case of Chad, the “calculated number of inland fishers based on the extent of different 

types of inland waters” is estimated to be between 13 000 and 119 000 people (Table 46). 

 

The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the 

analysed country.  
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Table 46: Calculated number of inland fishers by type of water resource, Chad 

Inland waters 

Computed 

theoretical 

number of 

fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Africa* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Africa*  

(people/km2) 

(c) 

Coastal lagoons n.a.  n.d. 12.5 107 

Lakes 3 451–9 099  1 917 1.8 47 

Reservoirs n.a.  n.d. 2.4 19 

Flooded areas 9 790–29 370  97 900 0.1 0.3 

Calculated number of 

inland fishers based on 

the extent of different 

types of inland waters 

13 000–119 000 Low  

*Source: FAO (1995).  

Notes: Indicator values have been rounded. n.a. = not applicable; n.d. = no data. 

 

7.5 Protein supply, Chad 

 

7.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 

 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production. In Chad, the annual average 

“fish protein supplied by inland fish production” is estimated to be about 10 000 tonnes of proteins.  

 

Table 47: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Chad 

Variable 

Proteins supplied 

by inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Amount Reliability Source 

a. Freshwater and 

diadromous fish  
10 006 n.d. n.d. 

  FAO, 2006−2016 

b. Crustaceans n.d. n.d. n.d.     

c. Molluscs n.d. n.d. n.d.     

d. Other aquatic animals n.d. n.d. n.d.     

e. Proteins calculated from 

official production figures 

in 2008–2012 (tonnes) 

(a+b+c+d) 

10 000 n.d. 10 000 

   

f. Proteins calculated from 

non-official production 

estimate (tonnes) 

n.d. n.d. 
  

Fish protein supplied by inland fish production (tonnes) (e; f) 10 000 Low  

g. Inland water area (km2) 100 800  Table 38 

h. Aquaculture pond area (km2) n.d.   

Fish-protein water productivity (kg/ha)  
[(e)/(g+h)×10] –[(f)/(g+h)×10] 

1 Low 
  

Notes: Indicator values have been rounded. n.d. = no data. 

 



70 

 

 

The national average “fish-protein water productivity”, measured in kg/ha, is obtained by dividing the 

“fish protein supplied by inland fish production” by the extent of “inland water area and aquaculture pond 

area”. The resulting “fish-protein water productivity” indicator expresses the average content of proteins 

provided by one hectare of water area available to the inland fisheries sector, which in Chad is estimated 

to be about 1 kg/ha (Table 47). 

 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered low owing to the lack of information on the composition of the 

inland capture fisheries and aquaculture production in the four groups of species considered.  
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8. THE REPUBLIC OF THE CONGO 

 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to the 

Congo. Table 48 provides an overview of all the values of the compiled indicators. 

 

Table 48: Summary of water-related indicators, the Congo 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 79 400 8.1 

Percentage of inland water over country area (%) 23 8.1 

Percentage of permanent inland water over inland water area (%) 5 8.1 

Inland water area and aquaculture pond area (km²) 79 400 8.1 

Inland fish production – quality (tonnes) 32 100 8.2 

Inland fish production – value (US$1 000) 16 051−48 152 8.2 

Aquaculture contribution to inland fish production – quantity (%) n.s. 8.2 

Aquaculture contribution to inland fish production – value (%) n.s. 8.2 

Fish-water productivity – quantity (kg/ha) 4 8.3 

Fish-water productivity – value (US$/ha) 2– 6 8.3 

Overall number of inland fishers and aquaculture farmers (people) 41 200 8.4 

Calculated number of inland fishers based on the extent of different 

types of inland waters (people) 
10 000–55 000 8.4 

Average density of overall inland fishers and aquaculture farmers 

(people/km²) 
1 8.4 

Fish protein supplied by inland fish production (tonnes) 3 500 8.5 

Fish-protein water productivity (kg/ha) < 1 8.5 

Note: n.s. = not significant. 
 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 

8.1 Water availability, the Congo 

8.1.1 Estimates of “permanent inland waters” 

 

In the Congo, the “permanent inland waters” mapped in the GLWD include 330 km² of lakes, 880 km² of 

reservoirs, and 2 958 km² of rivers (Lehner and Doll, 2004). The major waterbodies include Pool Malebo 

(which extends to the Congo for about 330 km², or 60 percent of the total reservoir area) and some of the 

minor lakes reported by Vanden Bossche and Bernacsek (1990), such as Lake Cayo (16 km²); Lake 

Dinga (5 km²); Lake Louandjili (2 km²); Lake Loufoualeba (6 km²); Lake Nanga (15 km²); Lake Ndembo 

(2 km²); Lake Tele (20 km²); and Lake Youbi (3.5 km²), totalling over 50 km². 

 

The two major river systems are the Congo River Basin and the Kouilou-Niari River Basin. Whereas the 

Congo River Basin is shared between the Congo and the Democratic Republic of the Congo, the Kouilou-
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Niari River Basin lies entirely within the Congo. The length of the Congo River flowing in the country is 

about 700 km, and the Kouilou-Niari River is about 560 km (FAO, 2006). 

 

In the GLWD (Lehner and Doll, 2004), a riverine component of 2 958 km² is mapped; however, this 

figure seems to underestimate the real extent of the river network in the country, considering the fact that 

the open waters of the Congo River alone have been estimated to cover an area of 5 350 km² (Hughes and 

Hughes, 1992). Thus, the estimate of “permanent inland waters” estimated at 2 958 km², if taken alone, 

severely underestimates the existing water resources in the Congo. The extent of “inland water area” by 

considering also the “seasonally flooded areas” and indirectly the extent of the rivers better reflects an 

overall estimate of surface waters in the country. 

 

8.1.2 Estimates of “seasonally flooded areas” 

 

The assessment of flooded areas in the Congo requires an estimation of the flooded areas in the Congo 

River Basin, which is included in the country for 10 percent of its extent. In the Congo River Basin, the 

largest flooded area is found along the Oubangui and Congo Rivers. 

 

Welcomme and Lymer (2012) reported that the extent of marshy areas in the Central Congo Basin (i.e. 

Cuvette Centrale) covers 45 000 km². This is in agreement with what was previously reported by Vanden 

Bossche and Bernacsek (1990). They assessed that the inundated area at the lower reaches of the Sangha 

River, Likouala-aux-Herbes River and Likouala River, which constituted one main part along the 

Oubangui and Congo Rivers, covered an area between 30 000 and 40 000 km². 

 

A more recent study of remote sensing in the Congo River Basin carried out by Bwangoy et al. (2010) 

derived the number of pixels in the Cuvette Centrale with the probability of being classified as a flooded 

pixel equal or greater than 0.5. According to this study, the potentially flooded area in the CARPE Lake 

Tele-Tumba landscape within the Cuvette Centrale is about 207 467 km² (Bwangoy et al., 2010). As 

large parts of this landscape around Lake Tele lie in the Congo, this gives an indication that the estimate 

of 30 000–40 000 km² provided by Vanden Bossche and Bernacsek (1990) could be underestimated. 

However, there is no quantitative information on the portion of the CARPE Lake Tele-Tumba landscape 

included in the Congo, so this study cannot be directly compared with other available estimates. 

 

At the national level, the only available figure is provided by Hughes and Hughes (1992), who reported 

about 75 300 km² of “seasonally flooded area”, including the Cuvette Congolaise (69 000 km²), the 

Ivindo-Djoua Headwater Basin (3 300 km²), and the Dihese Plain and Niari Valley (3 000 km²). 

 

A similar but lower extent is mapped in GlobCover, where an area of 55 673 km² of flooded areas is 

identified (ESA, 2010). Thus, it should be noted that, on the basis of the large extent of flooded areas 

mapped in the Congo Basin reported by Bwangoy et al. (2010), the estimate of 75 300 km² reported by 

(Hughes and Hughes, 1992) could also be underestimated.  

 

8.1.3 Estimates “inland water area” and related indicators 

 

The extent of “inland water area” is estimated to be 79 400 km². “Inland water area” represents 

23 percent of the entire country area (342 000 km², United Nations, 2011) and “permanent inland waters” 

constitute 5 percent of the overall “inland water area” (Table 49). The estimate of this study (79 400 km²) 

is 20 percent higher than the extent (59 212 km²) reported by Jenness et al. (2007), using the WCMC 

database. By comparison, the extent of “inland water area” recorded in the FAOSTAT database is 

500 km². The FAOSTAT value is derived from the difference between “country area” and “land area” 

(FAO, 1998), and it is likely to include only the extent of Pool Malebo (330 km²) and other minor 

waterbodies. 

 

The reliability of the “inland water area” and related indicators is considered medium by taking into 

account the good consistency among available estimates at the national and regional levels. The need 

remains to confirm the area currently covered by “seasonally flooded areas” in the country.  
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Table 49: Estimates of “inland water area” and related indicators, the Congo 

Water resources Amount Reliability Source 

a. Permanent inland waters (km²) 4 146  GIS: Lehner & Doll, 2004 

Regional estimates 

Water area of the Congo River 

(km²) 
5 350  Non-GIS: Hughes & Hughes, 1992 

b. Seasonally flooded areas (km²) 
75 300  Non-GIS: Hughes & Hughes, 1992 

55 673  GIS: ESA, 2010 

Regional estimates 

Flooded areas around the 

Oubangui/Congo River (km²) 

30 000–

40 000 
 

Non-GIS: Vanden Bossche & Bernacsek, 

1990 

Flooded areas in the Cuvette 

Congolaise (km²) 
45 000  Non-GIS: Welcomme & Lymer, 2012 

Inland water area (km2) (a+b) 

79 400 Medium  

59 212  GIS: Jenness et al., 2007 

500  Non-GIS: FAO, 1998 

Percentage of permanent inland 

water over inland water area (%) 
5 Medium  

Percentage of inland water over 

country area (%) 
23 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 
8.1.4 Estimates of “aquaculture pond area” and related indicators 

 

There are no available data related to surface waters used for aquaculture production in the country. 

 

8.2 Inland fish production, the Congo 

 

8.2.1 Estimates of “inland capture fisheries production – quantity” 
 

The five-year averages are based on statistics reported by countries to the FAO Fisheries and Aquaculture 

Department (FAO, 2006−2016). There seems to be a wide discrepancy between the large extent of 

“inland water area” and the official reported values of fish production in the country (Table 50). As 

discussed by Welcomme (1979), the Cuvette is one of the most important undeveloped inland fisheries in 

Africa. This area is poorly known and is little exploited due to the inaccessibility of many areas, a low 

population density (1.1 people/km², Bonzon, Ngouembe and N’Goma, 1995), and a  difficult connection 

to local fish markets (Welcomme, 1979; Welcomme and Lymer, 2012). 

 

Table 50: Estimates of “inland capture fisheries production – quantity”, the Congo 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 26 351  FAO, 2006−2016 

Average 2003–2007 31 028  FAO, 2006−2016 

Average 2008–2012 31 901  FAO, 2006−2016 

Regional estimates 

Estimated annual production of 

the Cuvette Congolese 
45 000  Welcomme & Lymer, 2012 

Estimate of inland capture 

fisheries production – quantity 
31 900 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 
 

However, even considering a very low productivity of floodplains equal to 10 kg/ha per year, the Cuvette 

Congolese alone should produce a minimum estimate of 45 000 tonnes/year (Welcomme and Lymer, 

2012). Therefore, the reliability of the current national “estimate of inland capture fisheries production – 
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quantity” (31 900 tonnes/year) is considered low due to a likely underestimation suggested by the 

comparison with other data sources. 

8.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

Aquaculture development is very limited in the Congo and still confined to family-operated and 

traditional pond-based fish farming, and is also limited by the lack of appropriate inputs (International 

Monetary Fund, 2012). 

 

Table 51: Estimates of “non-marine aquaculture production – quantity”, the Congo 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 120  FAO, 2006−2016 
Average 2003–2007 71  FAO, 2006−2016 
Average 2008–2012 45  FAO, 2006−2016 
Annual aquaculture production 

between 1999 and 2004 
200  Toguyeni, 2004 

Estimate of non-marine 

aquaculture production – quantity 
200 Low  

Note: Bold highlights the data used.. 
 

Official statistics show a decreasing trend in aquaculture production, which is always very low and does 

not even reach 100 tonnes/year (Table 51). Toguyeni (2004) reported that the main efforts have been 

conducted with the culture of tilapia (Oreochromis niloticus), which since 1999–2004 has stagnated at 

around 200 tonnes/year. Thus, the latter rough figure has been considered to compile the indicator, which 

consequently is considered to have low reliability. 
 

8.2.3 Estimates of “inland capture fisheries production – value” 

 

Since there is no available information on first-sale prices of fish, a conservative unit price from 

US$0.5 to US$1.5 per kg has been applied. Based on this assumption, the “estimated value of inland 

capture fisheries production”, recording an average yield of 31 900 tonnes/year between 2008 and 2012, 

is assessed to be between US$16 million and US$48 million per year (Table 52). 

 

Table 52: Estimates of “inland capture fisheries production – value” based on official statistics, 

the Congo 

Species 
Unit price 

(US$/kg) 

Average 

production 

2008–2012  

(tonnes) 

Value using 

lowest unit price 

 (US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and 

diadromous fish  
0.5–1.5 31 901 15 951 47 852 

Total 31 900 15 951 47 852 

 

8.2.4 Estimates of “non-marine aquaculture production – value” 

 

Similarly to the valuation of the inland capture fisheries production, there is no available information 

on the fish farmgate price; therefore, a conservative unit price from US$0.5 to US$1.5 per kg has 

been applied.  

 

Based on this assumption, the “estimated value of non-marine aquaculture production”, recording an 

average yield of 200 tonnes/year between 2008 and 2012, is assessed to be between US$100  and 

US$300 thousand per year (Table 53). 
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Table 53: Estimates of “non-marine aquaculture production – value” based on official statistics, 

the Congo 

Species 
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price  

(US$1 000) 

Value using highest 

unit price  

(US$1 000) 

Freshwater and  

diadromous fish  0.5–1.5  200 100 300 

Total 200 100 300 

 

8.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. However, in the Congo, the reported 

quantity of aquaculture production is very limited; therefore, the “aquaculture contribution to inland fish 

production” is not significant both in terms of quantity and value (Table 54). 

 

Table 54: Estimates of “inland fish production” in quantity and value and related indicators, 

the Congo 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest  

estimate 

a. Inland capture fisheries 

production 
31 900 n.a. 15 951 47 852 

Table 50,  

Table 52 

b. Aquaculture production 200 n.a. 100 300 
Table 51,   

Table 53 

Inland fish production (a+b) 32 100 n.a. 16 051 48 152  

Aquaculture contribution to 

inland fish production (%) 

[b/(a+b)]×100 

n.s. n.a. n.s. n.s.  

Notes: Where the indicator is composed of only one value, the value appears in the lowest estimate column. 
n.a. = not applicable; n.s. = not significant 

 

In the Congo, the “inland fish production – quantity” between 2008 and 2012 supplied comprehensively 

32 000 tonnes per year with an estimated value between US$16 million and US$48 million. The 

reliability of the “inland fish production” in quantity and value is considered low given the likely 

underreporting of fish production in official statistics and the lack of information on fish unit prices. 

8.3 Fish-water productivity, the Congo 

 

8.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In the Congo, the annual “fish-water productivity – quantity” is 

estimated to be about 4 kg/ha (Table 55). 

 

The indicator value is rather low compared with the fish-water productivity values reported for the 

different lakes and for the Cuvette Congolese (Table 56). Such low value “fish-water productivity – 

quantity” seems to be in agreement with the current suggested underreporting of fish catch by official 

statistics (Welcomme and Lymer, 2012). The reliability of the “fish-water productivity – quantity” is 

considered low since it is likely to be affected by an overestimation of the “inland water area”. 
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There are no available data of fish-water productivity of aquaculture at the local level related to farms or 

subsistence family ponds. 

 

Table 55: Estimates of “fish-water productivity – quantity”, the Congo 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production (tonnes) 31 900  Table 50 

b. National estimate of aquaculture production (tonnes) 200  Table 51 

Water resources 

c. Inland water area (km2) 79 400  Table 49 

d. Aquaculture pond area (km2) n.d.   

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 4 Low  

Note: n.d. = no data. 

 

Table 56: Local-level estimate of fish-water productivity by types of water resource, the Congo 

Lake 

(kg of fish/ha 

of water) 

Reservoir 

(kg of fish/ha 

of water) 

River 

(kg of fish/ha 

of water) 

Floodplain 

(kg of fish/ha 

of water) 

Rice paddy 

(kg of fish/ha 

of water) 

Source 

15 

Lake Ndembo 
n.d. n.d. n.d. n.d. 

Vanden Bossche & 

Bernacsek, 1990 

15 

Lake Louandjli 
n.d. n.d. n.d. n.d. 

Vanden Bossche & 

Bernacsek, 1990 

n.d. n.d. n.d. 
15–25 

Cuvette 
n.d. 

Vanden Bossche & 

Bernacsek, 1990 

Note: n.d. = no data. 

 

8.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in the 

Congo is about US$6 (Table 57). 

 

The reliability of the indicator is considered low by taking into account the lack of data on fish price, the 

likely underestimation of the “inland fish production – quantity”, and the possible overestimation of the 

“inland water area”. 

 

Table 57: Estimate of “fish-water productivity – value”, the Congo 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
15 951−47 852 

 Table 50 

b. National estimate of aquaculture production (US$1 000) 100−300  Table 51 

Water resources 

c. Inland water area (km2) 79 400  Table 49 

d. Aquaculture pond area (km2) n.d.   

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 6 Low  
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8.4 Employment and livelihood, the Congo 

 

8.4.1 Estimates of the “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2012, official figures reported by the Congo to the FAO Fisheries and Aquaculture Department 

accounted for 40 848 inland fishers and 356 aquaculture farmers. The number of inland fishers in 2012 is 

four times larger than the number reported in 2000. The official figure of 2000 is likely to be an 

underestimate of the real number of fishers in the country. Considering the extent of the Cuvette Centrale 

of about 45 000 km², on the basis of the density of inhabitants reported by Bonzon, Ngouembe and 

N’Goma (1995), there should be about 40 909 people living there, and most are likely to be involved in 

fishing activities, which is one of the major resources in the area (Table 58). 

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” is 

41 200 people. The reported number of inland fishers is close to the maximum number of inland fishers 

expected in the Congo (55 000 people), on the basis of the extent of water resources in the country and 

the average density of fishers recorded in Africa in different types of inland waters (see section 8.4.2). 

 

The estimated “average density of overall inland fishers and aquaculture farmers” of 1 person/km², 

obtained by dividing the estimated number of inland fishers of 41 200 people over the extent of “inland 

water area” (79 400 km², Table 5149), matches the population density of 1.1 person/km2 estimated by 

Welcomme (1979) in the Cuvette Centrale. If the estimate by Welcomme (1979) in the late 1970s is still 

valid, it would agree with the estimate of the “average density of overall inland fishers and aquaculture 

farmers” at the national level. 

 

The reliability of the compiled two social indicators is considered medium on the basis of the occurrence 

of official statistics and the level of consistency found in the comparison with other available estimates. 

 

Table 58: Estimates of the “overall number of inland fishers and aquaculture farmers” and related 

indicators, the Congo 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 

40 848  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

10 500  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2000 

b. Number of aquaculture farmers (people) 356  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

c. Inland water area (km2) 79 400  Table 49 

d. Aquaculture pond area (km2) n.d.   

Regional estimates 

Number of fishers in the Cuvette Centrale 40 909  
Bonzon, Ngouembe & 

N’Goma, 1995 

Overall number of inland fishers and 

aquaculture farmers (people) (a+b) 
41 200 Medium  

Average density of overall inland fishers and 

aquaculture farmers (people/km²) [(a+b)/(c+d)] 
1 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. n.d. = no data. 
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8.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 

 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by coastal lagoons, lakes, reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Africa, as reported by FAO 

(1995). In the case of the Congo, this indicator is estimated to be between 10 000 and 55 000 people 

(Table 59). 

 

The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the analysed 

country.  
 

Table 59: Calculated number of inland fishers by type of water resource, the Congo 

Inland waters 

Computed 

theoretical 

number of 

fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Africa* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Africa*  

(people/km2) 

(c) 

Coastal lagoons n.a.  n.d. 12.5 107 

Lakes 594–15 510  330 1.8 47 

Reservoirs 2 112–16 720  880 2.4 19 

Flooded areas 7 530–22 590  75 300 0.1 0.3 

Calculated number of 

inland fishers based on 

the extent of different 

types of inland waters 

10 000–55 000 Low  

*Source: FAO (1995).  
Notes: Indicator values have been rounded. n.d. = no data; n.a. = not applicable. 

 

8.5 Protein supply, the Congo 

 

8.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 

 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production. In the Congo, the annual 

average “fish protein supplied by inland fish production” is estimated to be about 3 500 tonnes of 

proteins.  

 

The national average “fish-protein water productivity”, measured in kg/ha, is obtained by dividing the 

“fish protein supplied by inland fish production” by the extent of “inland water area and aquaculture pond 

area”. The resulting “fish-protein water productivity” indicator expresses the average content of fish 

proteins provided by one hectare of water area available to the inland fisheries sector, which in the Congo 

is estimated to be less than 1 kg/ha (Table 60). 

 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered low because of the lack of information on aquaculture production 

and on the composition of inland capture fisheries and the four groups of species considered. In addition, 

the “fish-protein water productivity” indicator is also likely to be underestimated by the underreporting of 

the inland capture fisheries production.  
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Table 60: Estimates of “fish protein supplied by inland fish production” and related indicators, 

the Congo 

Variable 

Proteins supplied 

by inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Amount Reliability Source 

a. Freshwater and 

diadromous fish  
3 477 8 3 485 

  FAO, 2006−2016 

b. Crustaceans n.d. n.d. n.d.     

c. Molluscs n.d. n.d. n.d.     

d. Other aquatic animals n.d. n.d. n.d.     

e. Proteins calculated from 

official production figures 

in 2008–2012 (tonnes) 

(a+b+c+d) 

3 500 << 100 3 500 

   

f. Proteins calculated from 

non-official production 

estimate (tonnes) 

n.d. n.d. 
  

Fish protein supplied by inland fish production (tonnes) (e; f) 3 500 Low  

g. Inland water area (km2) 79 400   Table 49 

h. Aquaculture pond area (km2) n.d.    

Fish-protein water productivity (kg/ha)  

[(e)/(g+h)×10] – [(f)/(g+h)×10] 
< 1 Low 

  

Notes: Indicator values have been rounded. n.d. = no data. 
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9. THE DEMOCRATIC REPUBLIC OF THE CONGO 

 

In this country profile, the indicator framework used to assess water availability and related 

economic, social and nutritional contributions provided by inland capture fisheries and aquaculture is 

applied to the Democratic Republic of the Congo. Table 61 provides an overview of all the values of the 

compiled indicators. 

 

Table 61: Summary of water-related indicators, the Democratic Republic of the Congo 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 334 900 9.1 

Percentage of inland water over country area (%) 14 9.1 

Percentage of permanent inland water over inland water area (%) 16 9.1 

Inland water area and aquaculture pond area (km²) 334 900 9.1 

Inland fish production – quantity (tonnes) 223 300 9.2 

Inland fish production – value (US$1 000) 471 667 9.2 

Aquaculture contribution to inland fish production – quantity (%) 1 9.2 

Aquaculture contribution to inland fish production – value (%) 2 9.2 

Fish-water productivity – quantity (kg/ha) 7 9.3 

Fish-water productivity – value (US$/ha) 14 9.3 

Overall number of inland fishers and aquaculture farmers (people) 374 900–511 100 9.4 

Calculated number of inland fishers based on the extent of different 

types of inland waters (people) 
95 000−1 843 000 9.4 

Average density of inland fishers and aquaculture farmers (people/km²) 1−2 9.4 

Fish protein supplied by inland fish production (tonnes) 24 300 9.5 

Fish-protein water productivity (kg/ha) 1 9.5 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 

9.1 Water availability, the Democratic Republic of the Congo 

 

9.1.1 Estimates of “permanent inland waters” 

 

The Democratic Republic of the Congo is characterized by important waterbodies as well as by a wide 

river network and associated floodplains that create the Congo River basin. Both “permanent inland 

waters” and “seasonally flooded areas” in the country are well represented in Africover, which is a land 

cover map derived from remote sensing at a spatial resolution of 30 metres (FAO, 2002). For the 

“permanent inland waters”, Africover maps an overall area of 54 855 km², which includes 37 409 km² of 

lakes, 38 km² of reservoirs, and 17 408 km² of river network (FAO, 2002). 

 

The country has large inland waterbodies, including Lake Tumba (765 km²), Lake Upemba (530 km²) 

and large transboundary lakes at its eastern border, such as: Lake Mweru Luapula (which extends into the 

Democratic Republic of the Congo for 1 953 km², or 42 percent of the total lake area); Lake Tanganyika 
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(which extends into the country for 14 800 km², or 45 percent of the whole lake area); Lake Kivu (which 

extends into the country for 1 370 km², or 58 percent of the whole lake area); Lake Edward (which 

extends into the country for 1 630 km², or 71 percent of the whole lake area); Lake Albert (which extends 

into the country for 2 420 km², or 46 percent of the whole lake area) and Pool Malebo (which extends 

into the country for 220 km², or 40 percent of the whole reservoir area) (Welcomme and Lymer, 2012). 

 

The river component, which is dominated by the Democratic Republic of the Congo, is mapped both in 

Africover and in GLWD (Lehner and Doll, 2004) with an area of about 17 000 km². Welcomme and 

Lymer (2012) reported about 17 000 km² for the Congo and Ubangui Rivers and an additional 

17 000 km² for their tributaries. 

 

Despite the fine spatial resolution (30 metres), the overall surface of rivers could still be underestimated 

in the estimate of “permanent inland waters”, while the extent of “inland water area”, by considering also 

the “seasonally flooded areas” and indirectly the extent of the associated rivers, better reflects an overall 

estimate of surface waters in the country. 

 

9.1.2 Estimates of “seasonally flooded areas” 

 

For the “seasonally flooded areas”, Africover maps an overall extent of 280 000 km² of flooded areas 

(FAO, 2002). Given that the Democratic Republic of the Congo lies in the equatorial climatic zone, the 

seasonality of the flooded areas might not be so evident and might be difficult to discriminate between 

temporarily and permanently flooded areas. For this reason, all flooded areas mapped in the Africover 

map have been considered under the category of “seasonally flooded areas”. 

 

The higher spatial resolution of Africover allows detection of a larger extent of flooded areas 

(280 000 km²) compared with the extent mapped in GlobCover (266 069 km²) (ESA, 2010). The main 

flooded area is located in the Congo Basin, where the Congo and Ubangui Rivers and their tributaries 

cover an area of about 34 000 km², creating a network of about 33 000 km of river channels. There is no 

measurement of the flooded area, but it is reported that the estimates of flooded areas of the Congo Basin 

vary between 25 000 to 50 000 km² (FAO, 2001). 

 

A more recent study of remote sensing in the Congo River Basin carried out by Bwangoy et al. (2010) 

derived the number of pixels in the Congo Basin with the probability of being classified as a flooded 

pixel equal or greater than 0.5. According to this study, the potentially flooded area in the CARPE Lake 

Tele-Tumba landscape within the Congo Basin is about 207 467 km² (Bwangoy et al., 2010). The 

CARPE Lake Tele-Tumba landscape considers the western part of the Congo Basin around Lake Tele in 

the Congo and the eastern part of the Congo Basin around Tumba and Mai-Ndombe lakes in the 

Democratic Republic of the Congo. There is no quantitative information on the portion of the CARPE 

Lake Tele-Tumba landscape included in the country, so this study cannot be directly compared with other 

available estimates. This study, however, gives an indication that the estimated 25 000–50 000 km² of 

flooded areas in the Congo Basin within the Democratic Republic of the Congo could be highly 

underestimated. 

 

9.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” is estimated to be 334 900 km². “Inland water area” represents 

14 percent of the entire country area (2 344 858 km², United Nations, 2011,) and “permanent inland 

waters” constitute 29 percent of the overall “inland water area” (Table 62). The estimate of this study 

(334 900 km²) is lower than the extent (113 723 km²) reported by Jenness et al. (2007) using the WCMC 

database. 

 

By comparison, the extent of inland waters recorded in the FAOSTAT database is 77 818 km². This value 

is likely to account only for the extent of “permanent inland waters”. The figure is derived from the 

subtraction of the country area and land area (FAO, 2000), which are official figures reported by the 

country to the FAO Statistics Department. 
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Table 62: Estimates of “inland water area” and related indicators, the Democratic Republic of 

the Congo 

Water resources Amount Reliability Source 

a. Permanent inland waters 

(km²) 

54 855  GIS: FAO, 2002 

47 699  GIS: Lehner & Doll, 2004 

57 468  Non-GIS: Welcomme & Lymer, 2012 

b. Seasonally flooded areas 

(km²) 

280 000  GIS: FAO, 2002 

266 069  GIS: ESA, 2010 

Regional estimates 

Flooded areas in the  

Congo River basin (km²) 
25 000–50 000  Non-GIS: FAO, 2001 

Inland water area (km2) (a+b) 

334 900 High  

113 723  GIS: Jenness et al., 2007 

77 818  Non-GIS: FAO, 2000 

Percentage of permanent 

inland water over inland 

water area (%) 

16 High  

Percentage of inland water 

over country area (%) 
14 High  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

The reliability of the “inland water area” and related indicators is considered high since both “permanent 

inland waters” and “seasonally flooded areas” have been assessed on the basis of a land cover map at 

high resolution.  

 

9.1.4 Estimates of “aquaculture pond area” and related indicators 

 

In the Democratic Republic of the Congo, aquaculture production has been and still is very limited. The 

latest figure reported in 2008 estimated 15 km2 of “aquaculture pond area” and the existence of several 

nursery centres for aquaculture seeds (Kombozi Limbeya Bolomo, 2010). 

 

Table 63: Estimates of the “aquaculture pond area” and related indicators, the Democratic 

Republic of the Congo 

Farmed species Surface (km²) Reliability Source 

a. Freshwater pond aquaculture 

Freshwater and diadromous fish  n.d.   

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

b. Brackish-water pond aquaculture 

Freshwater and diadromous fish  n.d.   

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

c. Unspecified pond aquaculture 15  Kombozi Limbeya Bolomo, 2010 

d. Estimated cage area n.d.   

Aquaculture pond area (a+b+c+d) << 100 Low  

Inland water area and aquaculture 

pond area 
334 900 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. The reported value of the “aquaculture pond area” is very low and less 

than 100 km2; thus, it does not significantly contribute to the indicator value. n.d. = no data. 
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There have been different phases in the development of aquaculture during which the number of active, 

inactive and rehabilitated ponds has fluctuated over time according to investment funds and the overall 

political and economic situation of the country (Toguyeni, 2004). For example, in the 1990s, the 

Democratic Republic of the Congo’s official report to the FAO Fisheries and Aquaculture Department 

was 13.05 km2 of “aquaculture pond area”. In 2004, Moehl, Halwart and Brummett (2004) reported that 

the surface area of ponds in the country was reduced to about 1 km2 (Table 63). 

 

9.2 Inland fish production, the Democratic Republic of the Congo 

 

9.2.1 Estimates of “inland capture fisheries production – quantity” 

 

Assessing the real production from inland capture fisheries is difficult due to the lack of time-series data 

(Welcomme and Lymer, 2012). Available data (Table 64) mainly consist of FAO estimates (FAO, 

2006−2016). The last official report by the country to the FAO Fisheries and Aquaculture Department 

was in 1999, which reported 204 503 tonnes of inland fish production in that year. 

 

Two very important areas for inland capture production are the Congo Basin and Lake Tanganyika. 

Estimates related to fish yields from the flooded area of the Congo Basin are lacking owing to the 

geographical inaccessibility of many portions of the basin, low social security, and the difficulty reaching 

local fish markets (Welcomme, 1972; Welcomme and Lymer, 2012). 

 

Table 64: Estimates of “inland capture fisheries production – quantity”, the Democratic Republic 

of the Congo 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 216 082  FAO, 2006−2016 

Average 2003–2007 230 713  FAO, 2006−2016 

Average 2008–2012 220 400  FAO, 2006−2016 

Regional estimates 

Lake Tanganyika – fish 

production in 1989 
135 000  Hanek & Kapetsky, 1999 

Lake Tanganyika – fish 

production in 1995 
196 670  Hanek & Kapetsky, 1999 

Lake Tanganyika – fish 

production in 2007 
100 000  Chilima, 2007 

Estimate of inland capture 

fisheries production – quantity 
220 400 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

Available estimates referring to Lake Tanganyika include 135 000 tonnes/year estimated in 1989, 

increasing to 196 670 tonnes/year in 1995 (Hanek and Kapetsky, 1999), and reported to be about 

100 000 tonnes/year in 2007 (Chilima, 2007). Welcomme and Lymer (2012) stated that the figures 

reported in FAO (2006−2016) might be too low considering both the extent of the flooded area in the 

Congo Basin and the fish harvested from lakes. As an example, Uganda has reported 180 000 tonnes of 

mukene (Rastrineobola argentea) fished from Lake Albert, while the Democratic Republic of the Congo, 

which includes 46 percent of the surface area of Lake Albert, does not report any similar figures in the 

catch of this fish species (Welcomme and Lymer, 2012). 

 

It should be noted that, although the Congo Basin is overall underexploited, at the local level many areas 

have a serious problem of overfishing (UNEP, 2011). The reliability of the national “estimate of inland 

capture fisheries production – quantity”  is considered low because of the lack of official statistics and of 

the potential underestimate suggested by the comparison with other data sources. 
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9.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

Most of the five-year averages are computed from FAO estimates. In fact, there are no current available 

statistics on the development of the sector given the unknown number of active/rehabilitated ponds 

and the fact that most aquaculture is practised as a subsistence family farming activity (Vande Weghe 

et al., 2006). 

 

The last official statistics reported by the country to the FAO Fisheries and Aquaculture Department in 

2002 indicated an aquaculture production of 2 965 tonnes/year (Table 65). This figure is in agreement 

with the estimate of 3 000 tonnes/year in 2004 reported by Toguyeni. By comparison, in 2008 the Service 

National d’Aquaculture (SENAQUA) of the Democratic Republic of the Congo reported a production of 

1 229 tonnes related to fish seeds of a major nursery centre (Kombozi Limbeya Bolomo, 2010). 

 

The reliability of the current national “estimate of non-marine aquaculture production – quantity” is 

considered medium given that information is based on official statistics, but most likely does not account 

for all aquaculture production at the household level.  

 

Table 65: Estimates of “non-marine aquaculture production – quantity”, the Democratic Republic 

of the Congo 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 2 322  FAO, 2006−2016 
Average 2003–2007 2 967  FAO, 2006−2016 
Average 2008–2012 2 950  FAO, 2006−2016 

Aquaculture production in 2008 1 229  
Kombozi Limbeya 

Bolomo, 2010 

Aquaculture production in 2004 3 000  Toguyeni, 2004 

Estimate of non-marine 

aquaculture production – quantity 
2 900 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

9.2.3 Estimates of “inland capture fisheries production – value” 

 

Fish prices reported in different provinces of the Democratic Republic of the Congo have been published 

by the Service National d’Aquaculture (SENAQUA) (Defaux and Hjort, 2012). Based on these data, the 

average fish prices in 2010 for the country was 3.2/kg for fresh fish; US$3.5/kg for smoked fish; US$4/kg 

for salted fish; US$3/kg for dried fish; US$3.2/kg for frozen fish; and US$3/kg for farmed fish  

(Table 66). 

 

It should be noted that salted fish has the highest reported price (US$4/kg). In fact, in the Democratic 

Republic of the Congo, the price of salt is relatively expensive (US$1/kg in 2008), as the salt needs to be 

brought in from the urban centres of Kisangani or Basankusu (Brummett et al., 2009). 

 

Table 66: Estimates of first-sale prices of wild caught species, the Democratic Republic of 

the Congo 

Species 
Unit price 

(US$/kg) 
Source 

Freshwater and 

diadromous fish  

2.1 de Graaf & Garibaldi, 2014 

3.2 Defaux & Hjort, 2012 

[1.1–2.6] Stiles, 2011 

[0.4–1.2] Brummett et al., 2009 

Notes: Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, or to 

dry, smoked or salted fish (see text for details). Bold highlights the data used. 
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The fish unit prices published by SENAQUA (Defaux and Hjort, 2012) are sensibly higher than the dock 

price of inland captured fish (US$2.1/kg) reported by the country in a recent FAO project assessing the 

value of African fisheries (de Graaf and Garibaldi, 2014). 

 

The potential overestimate of US$3/kg as the first-sale fish price is suggested from evidence reported by 

several data sources. An investigation on the trade of elephant meat in the Democratic Republic of the 

Congo compared prices of various wild meat and reported the price of dried fish to be between 

US$1.1 and US$2.6 per kg (Stiles, 2011), thus lower than the US$3/kg reported by SENAQUA. 

Assessing the price per kilogram might be tricky, as vendors in the country rarely use weighing scales, 

but instead sell fish in baskets of different sizes. The smallest basket is called “valise” and usually holds 

about 30 smoked fish, which corresponds roughly to 5 kg dry weight and 10–20 kg wet weight of fish. A 

“valise” of the most expensive fish, the African obscure snakehead (Parachanna obscura), is usually sold 

for roughly US$1.2/kg (smoked fish), whereas the cheapest fish, catfish (Malapterurus spp.) for 

US$0.4/kg (smoked fish) (Brummett et al., 2009). 

 

It should be noted that the retail prices reported in Brummett et al. (2009) are significantly lower than the 

prices reported by SENAQUA. Therefore, only the first-sale price of US$2.1/kg reported by de Graaf and 

Garibaldi (2014) has been used. 

By using the first-sale prices reported in Table 66, the “estimated value of inland capture fisheries 

production”, recording an average yield of 220 400 tonnes/year between 2008 and 2012, is assessed to be 

nearly US$463 million/year (Table 67). 

 

Table 67: Estimates of “inland capture fisheries production – value” based on official statistics, the 

Democratic Republic of the Congo 

Species 
Unit price 

(US$/kg) 

Average 

production 

2008–2012  

(tonnes) 

Value using lowest 

unit price 

 (US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and 

diadromous fish  
2.1 220 400 462 840 n.a. 

Total 220 400 462 840 n.a. 

Note:  n.a. = not applicable. 

 

9.2.4 Estimates of “non-marine aquaculture production – value” 

 

The official farmgate prices reported by the country between 2008 and 2012 are US$3/kg for tilapia 

(Oreochromis spp.) and US$3.5/kg for catfish (Clarias spp.). The price of catfish is the same as earlier 

reported by Brummett et al. (2005), while the price of tilapia of US$3/kg is the same as the average 

aquaculture fish price published by the Service National d’Aquaculture (SENAQUA) (Defaux and Hjort, 

2012) (Table 68). 

 

By using the farmgate prices reported in Table 68, the “estimated value of non-marine aquaculture 

production”, recording an average production of 2 900 tonnes/year between 2008 and 2012, is assessed to 

be nearly US$9 million/year (Table 69). 
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Table 68: Estimates of farmgate prices of aquaculture species, the Democratic Republic of 

the Congo 

Species 
Unit price 

(US$/kg) 
Source 

Freshwater and 

diadromous fish  
3.0 Defaux & Hjort, 2012 

Clarias spp. 
3.5 FAO, 2006−2016 

(3.5) Brummett et al., 2005 

Oreochromis spp. 3.0 FAO, 2006−2016 

Notes: Bold highlights the data used. Indicator values have been rounded. Values in round brackets indicate baseline reference figures being 
values referred to an earlier time frame than the analysed time period of 2008−12.  

 

Table 69: Estimates of “non-marine aquaculture production – value”, the Democratic Republic of 

the Congo 

Species 

Unit 

price 

(US$/kg) 

Average 

production 2008–

2012 (tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Clarias gariepinus 3.5 10 35 n.d. 

Oreochromis niloticus 3 2 939 8 817 n.d. 

Total 2 900 8 827 n.d. 

Note: n.d. = no data. 

 

9.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In the Democratic Republic of the 

Congo, the “inland fish production – quantity” supplied comprehensively 223 000 tonnes per year with an 

estimated value of about US$472 million. The “aquaculture contribution to inland fish production” 

between 2008 and 2012 is estimated to be 1 percent in terms of quantity and 2 percent in terms of value 

(Table 70). 

 

Table 70: Estimates of “inland fish production” in quantity and value and related indicators, the 

Democratic Republic of the Congo 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest  

estimate 

a. Inland capture fisheries 

production 
220 400 n.a. 462 840 n.a. Table 64, Table 67 

b. Aquaculture production 2 900 n.a. 8 827 n.a. Table 65, Table 69 

Inland fish production (a+b) 223 300 n.a. 471 667 n.a.  

Aquaculture contribution to 

inland fish production (%) 
[b/(a+b)]×100 

1 n.a. 2 n.a.  

 Notes: Where the indicator is composed of only one value, the value appears in the lowest estimate column. n.a. = not applicable. 

 

The reliability of the “inland fish production and aquaculture contribution to inland fish production” 

assessed in terms of quantity and value is considered medium on the basis of a potential underestimate of 

fish production from official statistics and tendentially high reported unit prices.  
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9.3 Fish-water productivity, the Democratic Republic of the Congo 

 

9.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In the Democratic Republic of the Congo, the annual “fish-water 

productivity – quantity” is estimated to be 7 kg/ha (Table 71) and its reliability is considered low. In fact, 

the indicator value is rather low compared with the fish-water productivity values reported for the 

different lakes and reservoirs in the country (). 

 

Table 71: Estimates of “fish-water productivity – quantity”, the Democratic Republic of the Congo 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production (tonnes) 220 400  Table 64 

b. National estimate of aquaculture production (tonnes) 2 900  Table 65 

Water resources 

c. Inland water area (km2) 334 900  Table 62 

d. Aquaculture pond area (km2) << 100  
Table 

63Table 63 

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 7 Low  

 

The low value of this indicator is in agreement with the current suggested underreporting of fish catch by 

official statistics (Welcomme and Lymer, 2012). 

 

The value of the “fish-water productivity – quantity” mostly reflects the fish-water productivity from 

inland capture fisheries rather than the fish-water productivity from aquaculture production. This occurs 

because of the limited aquaculture production and “aquaculture pond area” in the country. Consequently, 

the “fish-water productivity – quantity” indicator resulted considerably lower than the values of fish-

water productivity reported for different aquaculture systems (Table 73). 

 

Table 72: Local-level estimate of fish-water productivity by types of water resource, the 

Democratic Republic of the Congo 

Lake 

(kg of fish/ha of 

water) 

Reservoir 

(kg of fish/ha 

of water) 

River 

(kg of fish/ha 

of water) 

Floodplain 

(kg of fish/ha 

of water) 

Rice paddy 

(kg of fish/ha 

of water) 

Source 

55 

Lake Kivu 
n.d. n.d. n.d. n.d. FAO, 2009–2014 

61 

Lake Tanganyika 
n.d. n.d. n.d. n.d. FAO, 2009–2014 

70 

Lake Edward 
n.d. n.d. n.d. n.d. FAO, 2009-2014 

n.d. 

127 

Mwadingusha 

Reservoir 

n.d. n.d. n.d. Welcomme, 1972 

n.d. 

100 

Mwadingusha 

Reservoir 

n.d. n.d. n.d. Konare, 1984 

Note: n.d. = no data. 
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Table 73: Local-level estimate of fish-water productivity by type of aquaculture system, the 

Democratic Republic of the Congo 

Farmed species 
Fish-water 

productivity (kg/ha) 
Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish 2 500 Vande Weghe et al., 2006 

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish 10 000 Vande Weghe et al., 2006 

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

d. Unspecified cultured species 

Recorded fish-water productivity in the Kivu Province 4 325 Huet, 1957 

Recorded fish-water productivity in the Katanga Province 2 300–3 300 Huet, 1957 

Recorded fish-water productivity in the Ruanda-Urundi 1 000 Huet, 1957 

Recorded fish-water productivity in the Equatorial and 

Kasai Provinces 
500 Huet, 1957 

Note: n.d. = no data. 

 

In the Democratic Republic of the Congo, the historical fish-water productivity reported by Huet (1957) 

depicted a situation of extensive rural aquaculture that is part of subsistence farming operations. 

Aquaculture species are mainly tilapia (Oreochromis niloticus) and greenhead tilapia (O. macrochir) 

(Vande Weghe et al., 2006). Tilapia is usually raised in a mixed culture in which individuals are not 

separated by sex and age. In most rural farms, this leads to dwarfism of fish, a condition when fish hardly 

reach 150 g at six months, which influences fish-water productivity values. 

 

Besides tilapia, other common aquaculture species are the African bonytongue (Heterotis niloticus) and 

catfish (Clarias gariepinus) (Moehl, Halwart and Brummett, 2004). In particular, the cultivation of 

catfish (C. gariepinus) is recently developing in the hinterland of the Kinshasa and the Mbankana valley 

in the province of Bandundu (Vande Weghe et al., 2006). In private commercial farms at the outskirt of 

large cities, the cultivation of catfish can reach a productivity of 2 500–10 000 kg/ha (Vande Weghe et 

al., 2006). 

 

9.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in the 

Democratic Republic of the Congo is about US$14 (Table 74). 
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Table 74: Estimate of “fish-water productivity – value”, the Democratic Republic of the Congo 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production (US$1 000) 462 840  Table 64 

b. National estimate of aquaculture production (US$1 000) 8 827  Table 65 

Water resources 

c. Inland water area (km2) 220 400  Table 62 

d. Aquaculture pond area (km2) 2 900  Table 63 

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 14 Low  

 

The reliability of the indicator is considered low by taking into account the sparse amount of information 

on fish prices, the likely underestimation of the “inland fish production – quantity”, and the possible 

overestimation of the “inland water area”. 

9.4 Employment and livelihood, the Democratic Republic of the Congo 

 

9.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2012, official figures reported by the Democratic Republic of the Congo to the FAO Fisheries and 

Aquaculture Department accounted for 363 827 inland fishers and 11 115 aquaculture farmers. In 2012, 

the official number of aquaculture farmers decreased compared with the figure reported in 2010. 

 

Table 75: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, the Democratic Republic of the Congo 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 

363 827  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

220 000  Chilima, 2007 

500 000  Vande Weghe et al., 2006 

b. Number of aquaculture farmers 

(people) 

11 115  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

28 094  
Kombozi Lymbeya Bolomo, 

2010 

c. Inland water area (km2) 334 900  Table 62 

d. Aquaculture pond area (km2) <<100  Table 63 

Regional estimates 

Number of fishers on Lake Mweru and 

Luapula River 
18 000  Chilima, 2007 

Number of fishers on Lake Tshangalele 6 000  Katemo Manda, 2009 

Overall number of inland fishers and 

aquaculture farmers (people) (a+b) 
374 900–511 100 Medium  

Average density of overall inland 

fishers and aquaculture farmers 

(people/km²) [(a+b)/(c+d)] 
1–2 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 
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There are also non-official estimates related to the number of inland fishers in the Democratic Republic 

of the Congo, respectively, 220 000 (Chilima, 2007) and 500 000 (Vande Weghe et al., 2006) (Table 75); 

the larger estimate has been used for the compilation of the social indicators. The available estimates of 

inland fishers of 364 000 and 500 000 people fall between the median (95 000 people) and the maximum 

(1 843 000 people) number of inland fishers expected in the Democratic Republic of the Congo on the 

basis of the extent of inland waters in the country and the average density of fishers recorded in Africa in 

different types of inland waters (see section 9.4.2). 

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” is 

between 374 900 and 511 100 people, which divided by the “inland water area and aquaculture pond 

area” (334 900 km², Table 62) gives an “average density of overall inland fishers and aquaculture 

farmers” of 1–2 people/km². 

 

The reliability of these two social indicators is considered medium on the basis of the occurrence of 

official statistics and the level of consistency found in the comparison with other available estimates. 

9.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 

 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by coastal lagoons, lakes, reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Africa, as reported by FAO 

(1995). In the case of the Democratic Republic of the Congo, the “calculated number of inland fishers 

based on the extent of different types of inland waters” is estimated to be between 95 000 and 1 843 000 

people (Table 76). 

 

Table 76: Calculated number of inland fishers by type of water resource, the Democratic Republic 

of the Congo 

Inland waters 

Computed 

theoretical number 

of fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Africa* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Africa*  

(people/km2) 

(c) 

Coastal lagoons n.a.  n.d. 12.5 107 

Lakes 67 336–1 758 223  37 000 1.8 47 

Reservoirs 91–722  38 2.4 19 

Flooded areas 28 000–84 000  280 000 0.1 0.3 

Calculated number 

of inland fishers 

based on the extent 

of different types of 

inland waters 

95 000–1 843 000 Low  

*Source: FAO (1995).  

Notes: Indicator values have been rounded. n.a. = not applicable; n.d. = no data. 

 

The reliability of the “calculated number of inland fishers based on the extent of different types of 

inland waters” is considered low because the density values used are outdated and not specific to the 

analysed country.  
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9.5 Protein supply, the Democratic Republic of the Congo 

 

9.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 

 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production. In the Democratic Republic 

of the Congo, the annual average “fish protein supplied by inland fish production” is estimated to be 

about 24 300 tonnes of proteins. The national average “fish-protein water productivity”, measured in 

kg/ha, is obtained by dividing the “fish protein supplied by inland fish production” by the extent of 

“inland water area and aquaculture pond area”. The resulting “fish-protein water productivity” indicator 

expressed the average content of fish proteins provided by one hectare of water area available to the 

inland fisheries sector, which in the Democratic Republic of the Congo is estimated to be about 1 kg/ha 

(Table 77). 

 

Table 77: Estimates of “fish protein supplied by inland fish production” and related indicators, the 

Democratic Republic of the Congo 

Variable 

Protein supplied 

by inland capture 

fisheries 

(tonnes) 

Protein supplied 

by aquaculture 

(tonnes) 

Amount Reliability Source 

a. Freshwater and 

diadromous fish  
24 024 322 24 346 

  FAO, 2006−2016 

b. Crustaceans n.d. n.d. n.d.     

c. Molluscs n.d. n.d. n.d.     

d. Other aquatic animals n.d. n.d. n.d.     

e. Proteins calculated from 

official production figures 

in 2008–2012 (tonnes) 

(a+b+c+d) 

24 000 300 24 300 

   

f. Proteins calculated from 

non-official production 

estimate (tonnes) 

n.d. n.d. 
  

Fish protein supplied by inland fish production (tonnes) (e; f) 24 300 Low  

g. Inland water area (km2) 334 900   Table 62 

h. Aquaculture pond area (km2) << 100   Table 63 

Fish-protein water productivity (kg/ha) 

 [(e)/(g+h)×10] – [(f)/(g+h)×10] 
1 Low 

  

Notes: Indicator values have been rounded. n.d.= no data. 

 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered low owing to the lack of information on the composition of the 

inland capture fisheries and aquaculture production in the four groups of species considered. In addition, 

the “fish-protein water productivity” indicator is also likely to be underestimated by an underreporting of 

the inland capture fisheries production.  
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10. GHANA 

 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

Ghana. Table 78 provides an overview of all the values of the compiled indicators. 

 

Table 78: Summary of water-related indicators, Ghana 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 15 200 10.1 

Percentage of inland water over country area (%) 6 10.1 

Percentage of permanent inland water over inland water area (%) 60 10.1 

Inland water area and aquaculture pond area (km²) 15 200 10.1 

Inland fish production – quantity (tonnes) 102 600−284 000 10.2 

Inland fish production – value (US$1 000) 83 139−472 514 10.2 

Aquaculture contribution to inland fish production – quantity (%) 5–14 10.2 

Aquaculture contribution to inland fish production – value (%) 8–47 10.2 

Fish-water productivity – quantity (kg/ha) 68–187 10.3 

Fish-water productivity – value (US$/ha) 55−311 10.3 

Overall number of inland fishers and aquaculture farmers (people) 83 600 10.4 

Calculated number of inland fishers based on the extent of different 

types of inland waters (people) 
26 000–209 000 10.4 

Average density of inland fishers and aquaculture farmers 

(people/km²) 
6 10.4 

Fish protein supplied by inland fish production (tonnes) 11 200 –31 000 10.5 

Fish-protein water productivity (kg/ha) 7–20 10.5 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 
10.1 Water availability, Ghana 

 

10.1.1 Estimates of “permanent inland waters” 

 

Ghana is characterized by the presence of Lake Volta, the largest artificial reservoir in Africa with an 

area of 8 482 km². It also has smaller reservoirs, such as Barekese (6 km²); Kpong (36 km²); Vea (4 km²); 

Weija (34 km²); Dawhenya (0.5 km²); Tono (19 km²); and a few natural lakes, such as Lake Bosumtwi 

(49 km²); Lake Mankessim (2 km²); Afife Lake (7 km²); and Lake Bontanga (8 km²) (Vanden Bossche 

and Bernacsek, 1990). Along the coast, there are approximately 50 brackish-water lagoons with a total 

surface area of 400 km². The lacustrine component reported by Vanden Bossche and Bernacsek (1990) is 

9 047 km² and is similar to what is mapped (8 579 km²) in the GLWD (Lehner and Doll, 2004). The 

difference comes mainly from Lake Volta, which the GLWD maps with a smaller extent of 7 664 km². 

 

The figure reported by Vanden Bossche and Bernacsek (1990) is similar to the estimate by Barry et al. 

(2005). However, the estimate by Vanden Bossche and Bernacsek (1990) is preferred because of the 
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greater detail in the composition of water resources. The best available estimate of “permanent inland 

waters” (9 047 km2), however, does not consider the riverine component. In Ghana, there are significant 

rivers such as the Volta River and its tributaries, including the White Volta River, the Black Volta River, 

the Main/Lower Volta River, the Oti River and the Daka River. 

 

The estimate of “permanent inland waters” at 9 047 km², if taken alone, severely underestimates the 

existing water resources in Ghana. The extent of “inland water area”, by considering also the “seasonally 

flooded areas” and indirectly the extent of the rivers, better reflects an overall estimate of surface waters 

in the country. 

 

10.1.2 Estimates of “seasonally flooded areas” 

 

The best available estimates of the “seasonally flooded areas” are mapped in the GLWD (Lehner and 

Doll, 2004), where freshwater marshes are mapped around some tributaries draining into Lake Volta and 

around the delta of the Volta River for a total extent of 6 195 km². This figure seems to be a good average 

estimate for the Volta River system, considering that Welcomme (1985) reported that the flooded area in 

the fringing plains of the Volta River varied from 1 022 km² at low water to 8 532 km² at peak flow. 

 

The assessment of flooded areas reported by Hughes and Hughes (1992) includes 90 km² along the 

Ankwao River, 600 km² associated with the Krobu River, 930 km² along the Oti River and its tributaries, 

and 1 820 km² around the delta of the Volta River. However, despite the fact that the flooded area around 

the delta of the Volta River is close to the minimum of the reported range (Welcomme, 1985), there is no 

estimate of the flooded areas around the Black Volta River. 

 

It should be noted that although Lake Volta is not a natural river floodplain system, it is subject to 

seasonal fluctuations both of its water level (on average from 2 to 6 metres) and of its surface area of 

about 1 000 km². The variation in the size of Lake Volta is not mapped in the GLWD (Lehner and 

Doll, 2004), so the available estimate of “seasonally flooded area” is partially underestimated. 

 

10.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” in Ghana is estimated to be 15 200 km². “Inland water area” represents 

6 percent of the entire country area (238 533 km², United Nations, 2011) and “permanent inland waters” 

constitute 60 percent of “inland water area” (Table 79). 

 

The estimate of this study (15 200 km²) is similar to the extent (13 671 km²) reported by Jenness et al. 

(2007), using the WCMC database. The extent of inland waters (11 400 km²) recorded in the FAOSTAT 

database is not very different from the estimated extent of the “inland water area”. The FAOSTAT value 

is derived from the difference between “country area” and “land area” (FAO, 1998), which are official 

figures reported by the country to the FAO Statistics Department. 

 

The reliability of the “inland water area” and related indicators is considered medium by taking into 

account the agreement recorded among different data sources and methodologies (GIS versus non-GIS), 

mainly driven by the large size of Lake Volta within “permanent inland waters”. More information would 

be needed to confirm the current extent of “seasonally flooded areas” in the country. 
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Table 79: Estimates of “inland water area” and related indicators, Ghana 

Water resources Amount  Reliability Source 

a. Permanent inland waters (km²) 

9 047  
Non-GIS: Vanden Bossche & Bernacsek, 

1990 

8 735  GIS: Lehner & Doll, 2004 

10 089  Non-GIS: Barry et al., 2005 

b. Seasonally flooded areas (km²) 

6 195  GIS: Lehner & Doll, 2004 

3 806  Non-GIS: Hughes & Hughes, 1992 

274  GIS: ESA, 2010 

Regional estimates 

Flooded areas in the Volta River 

floodplains (km²) 

1 022–
8 532 

 Non-GIS: Welcomme, 1985 

1 000  Non-GIS: Béné, 2007 

Inland water area (km2) (a+b) 

15 200 Medium  

13 671  GIS: Jenness et al., 2007 

11 400  Non-GIS: FAO, 1998 

Percentage of permanent inland 

water over inland water area (%) 
60 Medium  

Percentage of inland water over 

country area (%) 
6 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

10.1.4 Estimates of “aquaculture pond area” and related indicators 

 

According to the official figure reported by the country to the FAO Fisheries and Aquaculture 

Department, “aquaculture pond area” in 2009 covered an area of 6 km². A survey conducted by the 

Ministry of Fisheries in Ghana in 2006 recorded 3 472 functional aquaculture ponds covering an overall 

area of 5 km² (Table 80; Hiheglo, 2008). The survey pinpointed subsistence and small-scale aquaculture 

in the country, as each farmer, on average, owned two ponds with a resulting surface water of 0.3 ha per 

farmer (Hiheglo, 2008). 

 

Ansah (personal comunication) estimated a total surface of 8 km² of “aquaculture pond area” in the 

country. This estimate is derived by considering the projected number of ponds (n = 1 750) expected at 

the end of 2012 (Asmah, 2008) and a pond average of 0.5 ha recorded during the field survey carried out 

on 12 aquaculture farms in the Ashanti region (Ansah, Frimpong and Amisah, 2012). The studied 

aquaculture farms in the Ashanti region were characterized by earthen ponds with an average size of 

1 000 square metres, which use smaller rivers and streams for water withdrawal as well as to release 

aquaculture effluents. The small-scale and the low impact of these “aquaculture pond areas” were 

measured with indicators of water quality of fish farms (biotic and abiotic parameters) downstream and 

upstream (Ansah, Frimpong and Amisah, 2012). 

 

In Ghana, there are at least three cage-farming companies that operate on Lake Volta: Crystal Lake Fish 

Ltd, Tropo Farms and West African Fish Ltd. Information on the structural aquaculture facilities is very 

sparse, but likely to be less than 1 km2. Crystal Lake Fish Ltd has nine circular cages with a radius of 

16 m in addition to 24 circular tanks with a radius of 8 m (Halwart, Soto and Arthur, 2007). Tropo Farms 

has eight cages with a volume of 40 m3 each. No information is available for the West African Fish Ltd. 

 

The reliability of the “inland water area and aquaculture pond area” indicator is considered low because 

of the sparse amount of data available for its compilation. The value of the “aquaculture pond area” is 

below 100 km2, thus not significantly contributing to the indicator value. 
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Table 80: Estimates of the “aquaculture pond area” and related indicators, Ghana 

Farmed species 
Surface 

(km²) 
Reliability Source 

a. Freshwater pond aquaculture 

Freshwater and diadromous fish  n.d.   

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

b. Brackish-water pond aquaculture 

Freshwater and diadromous fish   n.d.   

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

c. Unspecified pond aquaculture 

Unspecified 

8  Ansah, personal communication 

6  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2009 

5  Hiheglo, 2008 

d. Estimated cage area n.d.   

Aquaculture pond area (a+b+c+d) << 100 Low  

Inland water area and aquaculture 

pond area 
15 200 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. The reported value of the “aquaculture pond area” is very low and less 
than 100 km2, and thus it does not significantly contribute to the indicator value. n.d. = no data. 

 

10.2 Inland fish production, Ghana 

 

10.2.1 Estimates of “inland capture fisheries production – quantity” 

 

The five-year averages are based on official data reported by the country to the FAO Fisheries and 

Aquaculture Department (FAO, 2006−2016). A slight increase is reported in the average of 2008–12 

compared with the previous five-year periods. Up to 90 percent of the national inland capture fisheries 

production comes from Lake Volta. However, there is some uncertainty on the production statistics 

related to this large reservoir due to a natural variability of the lake’s ecosystem, the large size, and the 

difficulty in accessing some parts of the shoreline (Béné, 2007). In fact, there are divergent estimates on 

the fish production of Lake Volta. In 2000, the Ministry of Food and Agriculture reported a national fish 

production from inland capture fisheries of 87 500 tonnes, of which 65 000 tonnes came from Lake Volta 

(Barry et al., 2005). Other unpublished survey results and associated estimates (Braimah, 2000, 2001, 

2003 in Béné, 2007) revealed that the actual fish catch in Lake Volta was well beyond the official 

published figure. The inland fish production from Lake Volta was estimated to be between 217 500 and 

251 000 tonnes/year (Braimah, 2000, 2001, 2003 in Béné, 2007) (Table 81). 

 

Since 1964, fluctuations of fish-water productivity on Lake Volta have been recorded, and it seems that 

production stabilized at around 40 000 tonnes in 1979. However, since 1994, fish landings have started to 

increase again, reaching 80 000 tonnes with the adoption of the winch net as fishing gear (Béné, 2007). In 

1996, de Graaf and Ofori-Danson (1997) conducted a survey covering one portion of Lake Volta 

(stratum VII). They estimated a production of 33 800 tonnes/year for that surveyed area  as well as 

estimated an overall production of 150 000–200 000 tonnes/year for the whole lake, cautioning on the 

uncertainty of these estimates due to the limitations of the survey data. 
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Table 81: Estimates of “inland capture fisheries production – quantity”, Ghana 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 74 500  FAO, 2006−2016 

Average 2003–2007 78 585  FAO, 2006−2016 

Average 2008–2012 88 740  FAO, 2006−2016 

Regional estimates 

Lake Volta – fish production in 2000 

65 000  Barry et al., 2005 

217 000–251 000  
Braimah, 2000, 2001, 2003 in 

Béné, 2007 

Lake Volta – fish production in 1996 150 000–271 000  de Graaf & Ofori-Danson, 1997 

Lake Volta – fish production in 1994 85 000  Béné, 2007 

Estimate of inland capture fisheries 

production – quantity 
88 700–271 000 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

The reliability of the national “estimate of inland capture fisheries production – quantity” is considered 

low because of the existing divergence between the official and non-official estimates on inland capture 

fisheries production. 

 

Given the current uncertainty on the effective amount of fish annually extracted from Lake Volta, there is 

also some uncertainty in the current level of overexploitation of the fish resources of this large reservoir. 

Pittaluga et al. (2003) noted that 97 percent of interviewed farmers reported a decline in catch, and in 

1993 a survey by the Integrated Development of Artisanal Fisheries (IDAF) programme recorded that 

17 species in the lake were caught before reaching the age of one year (Béné, 2007). A recent survey in 

stratum VII of Lake Volta revealed that the use of gillnets with 3–5 cm mesh size are targeting the 

juveniles of the two most targeted species Synodontis membranaceus and Schilbe mystus, decreasing the 

natural recruitment of the two fish populations (Akongyuure et al., 2012). 

 

Although no negative trends of fish catch recorded in official statistics have been reported (Béné, 2007), 

the evidence reported by these studies suggest that monitoring programmes would be highly 

recommended to measure the current (unknown) level of exploitation and that regulations should be 

applied to ensure the sustainable exploitation and conservation of fish stocks in Lake Volta. 

 

10.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

Official statistics of aquaculture production report very different values from year to year. As an example, 

in 2001, aquaculture production was reported to be about 6 000 tonnes/year, while in 2003 and 2004 the 

production seems to have decreased by one order of magnitude, as it was reported to be about 

650 tonnes/year. These fluctuations are reflected in the current five-year averages of aquaculture 

production (Table 82). 

 

Table 82: Estimates of “non-marine aquaculture production – quantity”, Ghana 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 4 340  FAO, 2006−2016 
Average 2003–2007 1 826  FAO, 2006−2016 
Average 2008–2012 13 898  FAO, 2006−2016 
Estimate of non-marine 

aquaculture production – 

quantity 

13 900 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

On Lake Volta, there are at least three large cage farming companies: Crystal Lake Fish Ltd with an 

annual production of 340 tonnes/year (Halwart et al., 2007); Tropo Farms with an annual production of 

10 tonnes/year (Halwart et al., 2007); and West African Fish Ltd with an annual production of 
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857 tonnes/year in 2010 and 1 964 tonnes/year in 2012 (West African Fish Ltd, personal 

communication). Summed together, the production from these three cage farming companies 

(2 314 tonnes/year) is about 17 percent of the national aquaculture production. 

 

The reliability of the current national “estimate of non-marine aquaculture production – quantity” is 

considered medium given the large fluctuations in the official statistics.  

10.2.3 Estimates of “inland capture fisheries production – value” 

 

In Ghana, it is reported that fish is usually sold in a bowl of 5 kg for US$8, which is about US$1.6/kg 

(Matemimola, no date). However, there are also several sources that report fish prices below US$1/kg. As 

an example, in 2009, the fish price reported by the Irrigation Company of the Upper Region in Tono and 

Vea reservoirs was between US$0.5 and US$0.6 per kg (Okrah and Agyeman, 2012) (Table 83). 

 

As a comparison, in the same year, the average unit price of the common galatea clam, Galatea Paradox, 

of US$0.4/kg was assessed during a field study carried out in the two most active clam fishing grounds 

on the Volta River (Adjei-Boateng et al., 2012). These lower unit prices are similar to the estimate of 

US$0.7/kg given by Braimah (1995) for the first-sale price of fish caught in Lake Volta (Neiland and 

Béné, 2008). 

 

Fish prices below US$1/kg, as well as about US$1.6/kg, seem to be in agreement with what is expected 

when comparing the market values of freshwater fish species with marine fish species. Usually 

freshwater fish species are sold at a price lower than the marine species or similar to the less profitable 

marine fish species. In Ghana, the highly profitable fish species such as Epinephelus aeneus, Sparus 

caeruleostictus, Dentex angolensis and Lutjanus goreensis are usualy sold between US$2.6 and US$3 

per kg, while the less profitable species such as Dasyatis margarita, Caranx crysos and Sardinella aurita 

are sold between US$0.3 and US$0.9 per kg (Aheto et al., 2012). 

 

Table 83: Estimates of first-sale prices of wild caught species, Ghana 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and 

diadromous fish  

1.6 Matemimola, no date. 

0.5–0.6 Okrah & Agyeman, 2012 

(0.7) Neiland & Béné, 2008 

Molluscs 0.4 Adjei-Boateng et al., 2012 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period of 

2008−2012. Bold highlights the data used.  

 

Therefore, a price range between US$0.5 and US$1.6 has been used to value the inland capture fisheries 

production (Table 83), and the “estimated value of inland capture fisheries production”, recording an 

average yield of 88 740 tonnes/year between 2008 and 2012, is assessed to be between US$44 million 

and US$142 million per year (Table 84). 

 

Table 84: Estimates of “inland capture fisheries production – value” based on official statistics, 

Ghana 

Species 
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

 (US$1 000) 

Value using highest 

unit price 

 (US$1 000) 

Freshwater and 

diadromous fish  
0.5–1.6 88 740 44 370 141 984 

Total 88 740 44 370 141 984 
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The alternative estimate of inland capture fisheries production of 271 000 tonnes/year reported by 

de Graaf and Ofori-Danson (1997) is determined using the unit prices of US$0.5–US$1.6 per kg of 

first-sale price for fish. Consequently, the inland capture fisheries production of 271 000 tonnes/year is 

estimated to have an average market value between US$136 million and US$434 million per year 

(Table 85).  

 

Table 85: Estimates of “inland capture fisheries production – value” based on non-official figures, 

Ghana 

Species  
Unit price 

(US$/kg) 

Production reported 

by de Graaf & 

Ofori-Danson (1997) 

(tonnes) 

Value using 

lowest unit price 

 (US$1 000) 

Value using highest 

unit price 

 (US$1 000) 

Freshwater and 

diadromous fish  
0.5–1.6 271 000 135 500 433 600 

Total 271 000 135 500 433 600 

 

By considering both official and non-official fish production figures, the “estimated value of inland 

capture fisheries production” in Ghana spans between US$44 million and US$434 million per year. 

 

10.2.4 Estimates of “non-marine aquaculture production – value” 

 

In Ghana, the most important species of aquaculture production is tilapia (Oreochromis spp.). As in most 

of West Africa, the target size of farmed fish spans between 300 and 500 g (Ofori et al., 2009). 

 

In 2008, the official reported price of tilapia and catfish was US$3.5/kg (Table 86). However, this unit 

price of US$3.5/kg seems to be closer to the wholesale and retail prices reported by other data sources. 

Ofori et al. (2009) noted that the price of tilapia weighing less than 200 g is about US$1.3/kg, fish 

weighing between 250–300 g is US$2.5/kg, and fish weighing more than 300 g is US$3.1/kg. 

 

Retail prices reported by the Partnership for African Fisheries (PAF) Aquaculture Working Group 

(Cocker, 2014) revealed that tilapia weighing more than 400 g is sold for US$3.5/kg, fish weighing 

between 200 and 400 g for US$2.2/kg, and fish weighing between 150 and 200 g for US$1.5/kg. 

According to the PAF Aquaculture Working Group, the predominant size of tilapia sold for household 

consumption is fish weighing 200 g, whereas larger tilapia weighing more than 500 g are marketed to 

business facilities such as restaurants, hotels and other institutions (Cocker, 2014). 

 

Table 86: Estimates of farmgate prices of aquaculture species, Ghana 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and 

diadromous fish  
1.6–2.8 Estimated in this study 

Oreochromis spp. 

2.8 Cocker, 2014 

[1.3–3.1] Ofori et al., 2009 

[1.5–3.5] Cocker, 2014 

3.5 FAO, 2006−2016, unit price referred to 2008 

Clarias spp. 

2.8 Estimated in this study 

2.7–3.8 Attipoe & Agyakwak, 2008 

3.5 FAO, 2006−2016, unit price referred to 2008 
Heterotis niloticus 2.8 FAO, 2006−2016, unit price referred to 2008 

Notes: Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, or to 
dry, smoked or salted fish (see text for details). Bold highlights the data used. 
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Conservatively, a value of US$2.8/kg reported for farmed tilapia has been used to value the tilapia 

production (PAF Aquaculture working group, 2011). Attipoe and Agyakwak (2008) stated that the unit 

price at farmgate of catfish (with a mean weight of 500 g) is usually sold for US$2.7–US$3.8 per kg. 

Thus, as reported for tilapia, the unit price of smaller catfish should be lower than the prices reported for 

catfish of 500 g. 

 

In the lack of other available information, the same unit price of US$2.8/kg reported for tilapia (PAF 

Aquaculture working group, 2011) and for African bonytongue (Heterotis niloticus) (FAO, 2006−2016) 

has also been used for catfish. A unit price of US$1.6/kg, which is the higher value of the price range 

used for wild caught freshwater and diadromous fish (Table 84), has also been applied to farmed 

freshwater and diadromous fish.  

 

By using the farmgate prices in Table 86, the “estimated value of non-marine aquaculture production”, 

recording an average yield of 13 900 tonnes/year between 2008 and 2012, is assessed to be about 

US$39 million/year (Table 87). 

 

Table 87: Estimates of “non-marine aquaculture production – value”, Ghana 

 

10.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In Ghana, the “inland fish production – 

quantity” supplied comprehensively between 103 000 and 285 000 tonnes per year with an estimated 

value between US$83 million and US$473 million (Table 88). 

 

Table 88: Estimates of “inland fish production” in quantity and value and related indicators, 

Ghana 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest 

estimate 

a. Inland capture fisheries 

production  
88 740 271 000 44 370 433 600 

Table 81, Table 84,  

Table 85 

b. Aquaculture production 13 900 13 900 38 769 38 914 Table 82, Table 87 

Inland fish production 

(a+b) 
102 640 284 900 83 139 472 514  

Aquaculture contribution 

to inland fish production 

(%) [b/(a+b)]×100 

14 5 47 8  

 

The “aquaculture contribution to inland fish production” between 2008 and 2012 is estimated to be 

between 5 and 14 percent in terms of quantity and between 8 and 47 percent in terms of value (Table 88). 

The reliability of the “inland fish production” and “aquaculture contribution to inland fish production” 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using 

lowest unit price 

(US$1 000) 

Value using 

highest unit price 

(US$1 000) 

Freshwater and diadromous 

fish  1.6–2.8 121 194 339 

Oreochromis spp. 2.8 13 160 36 848 36 848 

Clarias spp. 2.8 558 1562 1562 

Heterotis niloticus 2.8 59 165 165 

Total 13 900 38 769 38 914 
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indicators, both assessed in terms of quantity and values, is considered low given the divergent estimates 

of “inland fish production – quantity”, and is further amplified by price variability in the estimate of the 

“aquaculture contribution to inland fish production – value”. 

 

10.3 Fish-water productivity, Ghana 

 

10.3.1 Estimates of “fish-water productivity – quantity” 

 

The “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the “inland fish 

production – quantity” by the extent of “inland water area and aquaculture pond area” in which fish 

stocks live or are raised. In Ghana, the “fish-water productivity – quantity” is estimated to be between 

68 and 187 kg/ha (Table 89) and its reliability is considered medium. 

 

The value of the “fish-water productivity – quantity” mostly reflects the fish-water productivity from 

inland capture fisheries rather than the fish-water productivity from aquaculture production. The value 

range of the “fish-water productivity – quantity” indicator is close to the “fish-water productivity − 

value” reported for Lake Volta (43–240 kg/ha) (Table 90). 

 

The fish-water productivity of aquaculture systems is reported in a wide range, from more extensive to 

commercially intensive aquaculture systems (Table 91). 

 

Table 89: Estimates of “fish-water productivity – quantity”, Ghana 

Variable  Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production (tonnes) 88 700–271 000  Table 81 

b. National estimate of aquaculture production (tonnes) 13 900  Table 82 
Water resources 

c. Inland water area (km2) 15 200  Table 79 

d. Aquaculture pond area (km2) << 100  Table 80 

Fish-water productivity − quantity (kg/ha) [(a+b)/(c+d)] 68–187 Medium  

 

Table 90: Local-level estimate of fish-water productivity by types of water resource, Ghana 

Lake 

(kg of fish/ha  

of water) 

Reservoir 

(kg of fish/ha 

of water) 

River 

(kg of fish/ha 

of water) 

Floodplain 

(kg of fish/ha 

of water) 

Rice paddy 

(kg of fish/ha 

of water) 

Source 

n.d. 
180–240 

Lake Volta 
n.d. n.d. n.d. 

de Graaf & Ofori-Danson, 

1997 

n.d. 
43 

Lake Volta 
n.d. n.d. n.d. Braimah, 1995 

n.d. 

55 

Tono 

Reservoir 

n.d. n.d. n.d. FAO, 1991 

n.d. 
12 

Vea Reservoir 
n.d. n.d. n.d. FAO, 1991 

n.d. 

6 

Bontanga 

Reservoir 

n.d. n.d. n.d. FAO, 1991 

Note: n.d. = no data. 

 

Assessing the fish-water productivity from aquaculture based on available data is rather difficult given 

that most of the aquaculture production originates from cage culture on Lake Volta, and that there are no 

available estimates on the extent of cage culture nor certainty of a clear distinction between inland 

capture fisheries production and cage production in official statistics. For these reasons, in the case of 

Ghana, it is particulalrly recommended to consider only the overall “fish-water productivity – quantity” 
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indicator, which considers the overall “inland fish production” divided by the overall extent of “inland 

water area and aquaculture pond area”. 

 

Table 91: Local-level estimate of fish-water productivity by type of aquaculture system, Ghana 

Farmed species 
Fish-water 

productivity (kg/ha) 
Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Unspecified cultured species 

Fish-water productivity in integrated fish/rice production 350  Ofori, 2000 

Unspecified aquaculture pond 

1 435 FAO, 1991 

1 436–4 423 Asmah, 2008 

2 500 Hiheglo, 2008 

Fish-water productivity in commercial intensive farm 46 000 Asmah, 2008 

 

10.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in Ghana 

varies between US$55 and US$311 (Table 92). 

 

Table 92: Estimate of “fish-water productivity – value”, Ghana 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
44 370–433 600 

 Table 81 

b. National estimate of aquaculture production (US$1 000) 38 769–38 914  Table 82 

Water resources 

c. Inland water area (km2) 15 200  Table 79 

d. Aquaculture pond area (km2) << 100  Table 80 

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 55–311 Low  
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The reliability of the indicator is considered low because of its wide range of values. The value range of 

the indicator is caused by the divergence of the estimates of “inland fish production – quantity”, and is 

further amplified by the variability in the unit prices used for its valuation. A finer price calibration will 

also affect the current compiled value of the “fish-water productivity – value” indicator. 

 
10.4 Employment and livelihood, Ghana 

 

10.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

The most recent official statistics reported by Ghana to the FAO Fisheries and Aquaculture Department 

in 2003 accounted for 80 000 inland fishers, and in 2012 the country reported 3 580 aquaculture farmers 

(Table 93). The current official number of aquaculture farmers is nearly double the number reported by 

the Government of Ghana in 2006 (Government of Ghana, 2009). 

 

Table 93: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Ghana 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 

80 000  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2003 

71 860  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2000 

b. Number of aquaculture farmers 

(people) 

3 580  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

1 597  Government of Ghana, 2009 

2 000  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2000 

1 000  
Mensah et al., 2006; 

Asamoah et al., 2012 

c. Inland water area (km2) 15 200  Table 79 

d. Aquaculture pond area (km2) << 100  Table 80 

Regional estimates 

Number of fishers in Lake Volta recorded 

in the 1990s 
80 000  IDAF, 1993, Braimah, 1995 

Number of fishers in Lake Bosumtwi  1 000  Dontwi et al., 2002 

Overall number of inland fishers and 

aquaculture farmers (people) (a+b) 
83 600 Low  

Average density of overall inland fishers 

and aquaculture farmers (people/km²) 
[(a+b)/(c+d)] 

6 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

Both the official figures of 80 000 and 71 860 inland fishers reported, respectively, in 2003 and 2000, 

likely refer to a survey that was carried out in 1998 by the Ministry of Fisheries (MOFA, 2003) on Lake 

Volta, which recorded 1 232 fishing villages, 71 861 inland fishers and 24 035 fishing boats. An overall 

estimate of 80 000 inland fishers and 20 000 processors operating on Lake Volta has been also reported 

by IDAF (1993) and by Braimah (1995) (Table 93). Lake Volta is a highly relevant fishing area in 

Ghana, as it has been estimated that there are about 500 000 people who depend on fisheries for their 

livelihood (Béné and Friend, 2009). Therefore, the estimation of the number of fishers on Lake Volta is 

critical for the estimation of the overall number of inland fishers at the national level. 
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It should be noted that the available national figure of 80 000 inland fishers is less than half the maximum 

expected number of inland fishers expected in Ghana on the basis of the extent of inland waters in the 

country and the average density of fishers recorded in Africa in different types of inland waters (see 

section 10.4.2). 

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” is 

83 600 people, which divided over the “inland water area and aquaculture pond area” (15 200 km², Table 

79) gives an “average density of overall inland fishers and aquaculture farmers” of 6 people/km². 

 

The reliability of these two social indicators is considered low since the official statistics related to the 

number of inland fishers and aquaculture farmers are outdated and there are indications of a possible 

underestimation.  

 

10.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 

 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by coastal lagoons, lakes, reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Africa, as reported by FAO 

(1995). In the case of Ghana, the “calculated number of inland fishers based on the extent of different 

types of inland waters” is estimated to be between 26 000 and 209 000 people (Table 94). 

 

Table 94: Calculated number of inland fishers by type of water resource, Ghana 

Inland waters 

Computed 

theoretical 

number of 

fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Africa* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Africa (1)  

(people/km2) 

(c) 

Coastal lagoons 5 000–42 800  400 12.5 107 

Lakes 20 752–164 293  8 647 1.8 47 

Reservoirs n.a.  n.d. 2.4 19 

Flooded areas 619–1 858  6 195 0.1 0.3 

Calculated number of 

inland fishers based on 

the extent of different 

types of inland waters 

26 000–209 000 Low  

*Source: FAO (1995). 

 Notes: Indicator values have been rounded. n.a. = not applicable; n.d. = no data. 

The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the analysed 

country.  

 

10.5 Protein supply, Ghana 

 

10.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 

 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production. In Ghana, the annual 

average “fish protein supplied by inland fish production” is estimated to be between 11 200 and  

31 000 tonnes of proteins. The national average “fish-protein water productivity”, measured in kg/ha, is 

obtained by dividing the “fish protein supplied by inland fish production” by the extent of “inland water 
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area and aquaculture pond area”. The resulting “fish-protein water productivity” indicator expresses the 

average content of fish proteins provided by one hectare of water area available to the inland fisheries 

sector, which in Ghana is estimated to be between 7 and 20 kg/ha (Table 95). 

 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicator is considered low because of the wide range of values caused by the divergence of 

existing estimates of the inland capture fisheries production, and also because of the lack of information 

on the composition of the inland capture fisheries and aquaculture production in the four groups of 

species considered. 
 

Table 95: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Ghana 

Variable 

Proteins 

supplied by 

inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Amount Reliability Source 

a. Freshwater and 

diadromous fish  
9 673 1 515 11 188 

  

 FAO, 

2006−2016 

b. Crustaceans n.d. n.d. n.d.     

c. Molluscs n.d. n.d. n.d.     

d. Other aquatic animals n.d. n.d. n.d.     

e. Proteins calculated from 

official production figures 

in 2008–2012 (tonnes) 

(a+b+c+d) 

9 700 1 500 11 200 

   

f. Proteins calculated from 

non-official production 

estimate (tonnes) 

29 500 1 500  31 000 

  

Fish protein supplied by inland fish production (tonnes) (e; f)  11 200–31 000 Low  

g. Inland water area (km2) 15 200  Table 79 

h. Aquaculture pond area (km2) << 100  Table 80 

Fish-protein water productivity (kg/ha)  

[(e)/(g+h)×10] –[(f)/(g+h)×10] 
7–20 Low 

  

Notes: Indicator values have been rounded. n.d. = no data. 
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11. MALAWI 
 

In this country profile the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

Malawi. Table 96 provides an overview of all values of the compiled indicators. 
 

Table 96: Summary table of water-related indicators, Malawi 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 30 700 11.1 

Percentage of inland water over country area (%) 26 11.1 

Percentage of permanent inland water over inland water area (%) 86 11.1 

Inland water area and aquaculture pond area (km²) 30 700 11.1 

Inland fish production – quantity (tonnes) 90 500 11.2 

Inland fish production – value (US$1 000) 62 247−74 391 11.2 

Aquaculture contribution to inland fish production – quantity (%) 3 11.2 

Aquaculture contribution to inland fish production – value (%) 9–10 11.2 

Fish-water productivity – quantity (kg/ha) 29 11.3 

Fish-water productivity – value (US$/ha) 20−24 11.3 

Overall number of inland fishers and aquaculture farmers (people) 158 000 11.4 

Calculated number of inland fishers based on the extent of different 

types of inland waters (people) 
48 000–1 237 000 11.4 

Average density of inland fishers and aquaculture farmers (people/km²) 5 11.4 

Fish protein supplied by inland fish production (tonnes) 9 900 11.5 

Fish-protein water productivity (kg/ha) 3 11.5 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 

11.1 Water availability, Malawi 

 

11.1.1 Estimates of “permanent inland waters” 

 

Malawi is characterized by the occurrence of Lake Malawi, which is the third largest lake in Africa, lying 

at the border between Malawi and Mozambique. For 79 percent of its extent, Lake Malawi (25 000 km²) 

is in Malawi (Welcomme and Lymer, 2012). 

 

Other important large waterbodies are Lake Malombe (390 km²), Lake Chilwa (750 km²) and Lake 

Chiuta (which extends into Malawi for 160 km²) (Vanden Bossche and Bernacsek, 1990; Welcomme and 

Lymer, 2012). Welcomme and Lymer (2012) reported an area of about 26 300 km² covered by 

waterbodies, which is slightly higher than the extent (23 577 km²) mapped by Lehner and Doll (2004). 

 

Lake Malawi is fed by the North Rukuru, South Rukuru, Dwangwa, Lilongwe and Bua Rivers, while the 

only outlet of the lake is the Shire River. For this reason, the hydrological system of Lake Malawi is often 
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referred to as the Malawi-Shire system. It should be noted that in the available estimates of both Lehner 

and Doll (2004) and Welcomme and Lymer (2012), the extent of rivers (considered as the extent of open 

waters) is not taken into account. 

 

The Shire River runs for about 450 km from Lake Malawi until it drains into the Zambezi River in 

Mozambique. The river can be divided into different parts: the upper Shire River flows 80 km 

downstream from Lake Malawi along an extremely gentle gradient connecting Lake Malawi and Lake 

Malombe. In this part of the river, the landscape is flat and enables the river to be diverted into pools and 

channels that allow flooding of adjacent land during the rainy season (Parry and Burton, 2009). The 

middle Shire River runs from Lake Malombe across Liwonde National Park. Around Matope, the river 

course drops in a series of rapids and falls (360 m drop over a distance of around 70 km) to reach the 

Kamuzu barrage (Parry and Burton, 2009). In the 1990s, the middle Shire River was closed to fishing 

activities to enable recruitment and recovery of the fishery of Lake Malombe (FAO, 1993). 

 

After Maganga, the lower Shire River returns to run in a large alluvial plain. The upper part of the 

alluvial plain is cultivated for the production of cash crops, and at the confluence between the Shire River 

and the Ruo River there are important wetlands called the Elephant and Ndindi marshes, which are key 

fishing grounds (Kosamu et al., 2012). 

 

In the country, there are several dams, the major nine have a total volume of 0.04 km3. Seven of them 

were built for water storage for municipal use, while two of them for power generation (FAO, 2005a). 

These reservoirs have a height of 12 m; if these reservoirs are assumed to have a rectangular shape, then 

their estimated overall surface would be about 36 km². In addition, there are also 700–750 earth dams 

with a total storage capacity of 0.06 km3 each (McCartney, Chirwa and Houghton-Carrha, 2002; Russell 

et al., 2008). According to the Water Resources Board of Malawi, any dam with a height higher than 

4.5 m is classified as a large dam (FAO, 2005a). Thus, these small 700–750 earth dams can be assumed 

to have a height of about 2.5 m. With such height, their total surface would be 26 km². 

 

These theoretical estimates of reservoir surface are only used to show that even if these artificial 

waterbodies are not taken into account in the figure reported by Welcomme and Lymer (2012), their 

overall surface is not very large and would be about 62 km². Thus, the main underestimation of the 

26 300 km² “permanent inland waters” reported by Welcomme and Lymer (2012) is linked to the fact 

that the extent of rivers is not taken into account. 

 

11.1.2 Estimates of “seasonally flooded areas” 

 

The most comprehensive description of wetlands and flooded areas is given by Hughes and Hughes 

(1992), who reported 4 388 km² of “seasonally flooded areas” in the country. The largest flooded areas 

are the Elephant and Ndindi marshes (740 km²). Other important flooded areas are reported around the 

Bua River (100 km²), the Lilongwe River (473 km²), the Mambukiro River (Fort Hill Plains about 

100 km²), the South Rukuru River (Vwaza marsh 400 km²), as well as marshy areas associated with 

Lake Malawi (473 km²), Lake Chilwa (1 824 km²), Lake Chiuta (105 km²) and Lake Malombe (296 km²). 

 

Seasonal variations in the extent of “seasonally flooded areas” of the Elephant and Ndindi marshes are 

reported by different authors. They usually have an extent of about 600–650 km²; however, at peak flow 

they can enlarge to 820 km² (Donda and Njaya, 2007), and during the dry season they can shrink to 

384 km² (Welcomme, 1985). 

 

The Elephant and Ndindi marshes are also part of the larger Shire River system, which is reported to have 

an extent of 480 km² in the dry season, but to enlarge to 1 400 km² (Welcomme, 1985) or even to 

2 700 km² (Kosamu, 2012). The estimate of 4 388 km² is the current best available estimate of flooded 

areas in Malawi, as GlobCover only maps a negligible portion of these areas (ESA, 2010). 

 

Although the description of flooded areas reported by Hughes and Hughes (1992) seems complete and in 

agreement with regional estimates reported for the Elephant and Ndindi marshes and the whole Shire 
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River system, the extent of “seasonally flooded areas” could be partially underestimated considering the 

extent of dambos. Malawi is characterized by particular wet grassy areas, known as “dambos”, which 

retain water of surface runoff during the rainy season and help to sustain river flows during the dry 

season (Balarin, 1987). In Malawi, dambos have been estimated to cover about 6 190 km² (ICLARM and 

GTZ, 1991). They are often cultivated and have a potential for integrated fish farming (Kapanda et al., 

2005; Klarer, 2008). Currently, there is no information to assess what is the present extent of dambos and 

to what degree they overlap with the 4 388 km² flooded areas described by Hughes and Hughes (1992). 

 
11.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” in Malawi is estimated to be 30 700 km². “Inland water area” represents 

4 percent of the entire country area (118 484 km², United Nations, 2011), and 86 percent is constituted by 

“permanent inland waters” (Table 97). 

 

Table 97: Estimates of “inland water area” and related indicators, Malawi 

Water resources Amount Reliability Source 

a. Permanent inland waters (km²) 
26 300  

Non-GIS: Welcomme & Lymer, 

2012 

23 577  GIS: Lehner & Doll, 2004 

b. Seasonally flooded areas (km²) 
4 388  Non-GIS: Hughes & Hughes, 1992 

103  GIS: ESA, 2010 

Regional estimates 

Seasonally flooded areas in the Elephant 

and Ndindi marshes (km²) 

650–820  Non-GIS: Donda & Njaya, 2007 

384–673  Non-GIS: Welcomme, 1985 

Flooded areas in the Shire River system 

(km²) 

500–2 700  Non-GIS: Kosamu et al., 2012 

480–1 400  Non-GIS: Welcomme, 1985 

Inland water area (km²) (a+b) 

30 700 High  

24 200  Non-GIS: FAO, 2010 

27 526  GIS: Jenness et al., 2007 

Percentage of permanent inland water 

over inland water area (%) 
86 High  

Percentage of inland water over 

country area (%) 
4 High  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

The estimate of this study (30 700 km²) is similar to the extent (27 526 km²) reported by Jenness et al. 

(2007), using the WCMC database. By comparison, the “inland water area” recorded in the FAOSTAT 

database is about 24 200 km², which is likely to represent only “permanent inland waters”, as it is very 

close to the extent of Lake Malawi alone. The FAOSTAT value is derived from the difference between 

“country area” and “land area” (FAO, 2010), which are official figures reported by the country to the 

FAO Statistics Department. 

 

The reliability of the “inland water area” and related indicators is considered high by taking into account 

the agreement recorded among different data sources, methodologies (GIS versus non-GIS) and 

consistency between national and regional estimates.  

 

11.1.4 Estimates of “aquaculture pond area” and related indicators 

 

Official statistics reported by the country to the FAO Fisheries and Aquaculture Department recorded 

37 km² of aquaculture ponds in 2010. The largest commercial aquaculture site, Maldeco Aquaculture Ltd, 

is located on the southwest arm of Lake Malawi. In 2007, the site had 46 earth ponds, 22 of them larger 

than 600 m², 16 concrete tanks, and 14 earth ponds used as nurseries for fry. A gross estimate that 

considers only earth dams with a surface of 600 m² each gives an estimate of at least 3 ha of surface 

waters used by Maldeco Aquaculture Ltd (Shaffer, 2009). Maldeco Aquaculture also has 48 cages (with a 
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radius of 8 m) in the southeast arm of Lake Malawi (Russell et al., 2008), and thus their total surface is 

below 1 hectare. 

 

Pond aquaculture is also part of the farmer livelihood strategy. Aquaculture development had started in 

the 1960s. Historical information reported 90 functioning ponds in 1985–89 with an overall surface of 

1 km² (ICLARM and GTZ, 1991). In particular, eight NGOs have included pond aquaculture 

establishment as part of a farmer food security programme. Until 2006, these NGOs have supported 

6 767 farmers on programmes which together covered an overall pond aquaculture area of about 2 km² 

(Russell et al., 2008). 
 

In Malawi, aquaculture ponds are rarely drained. They are usually fed only by an inlet channel and have 

no outlet. Thus, the water exchange is limited and water loss mainly occurs because of evaporation and 

seepage (Russell et al., 2008). It has been estimated that given that the average moisture losses by 

evaporation along lakeshores and in the uplands are 54 mm/day, aquaculture would need daily toppings 

of up to 55 m3/ha of water (Table 98). 

 

Table 98: Estimates of the “aquaculture pond area” and related indicators, Malawi 

Farmed species Surface (km²) Reliability Source 

a. Freshwater pond aquaculture  

Freshwater and diadromous fish  n.d.   

Crustaceans 

 
n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

b. Brackish-water pond aquaculture  

Freshwater and diadromous fish  n.d.   

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

c. Unspecified pond aquaculture 

Unspecified 37 Low 

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2010 

d. Estimated cage area n.d.   

Aquaculture pond area (a+b+c+d) << 100   

Inland water area and aquaculture 

pond area 
30 700 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. The value of the “aquaculture pond area” is very low and less than 

100 km2; thus, it does not significantly contribute to the indicator value. n.d. = no data. 
 

The reliability of the “inland water area and aquaculture pond area” indicator is considered low because 

of the sparse amount of data available for its compilation. The value of the “aquaculture pond area” is 

below 100 km2, and thus not significantly contributing to the indicator value. 
 

11.2 Inland fish production, Malawi 

 

11.2.1 Estimates of “inland capture fisheries production – quantity” 

 

The national average estimate of inland capture fisheries production between 2008 and 2012 is reported 

to be 88 199 tonnes/year. Fish catches are reported to account for 50–75 percent from Lake Malawi,  

14–20 percent from Lake Chilwa, 1–13 percent from Lake Malombe, 2 percent from Lake Chiuta, and  

4–10 percent from the Shire River (10 percent) (Halle and Burgess, 2006; FAO, 2005a). Thus, Lake 

Malawi is one of the major fishing areas and is known for the large number of endemic species. The main 

target species fished in the lake is “chambo” (Oreochromis karongae) and a lake trout species “mpasa” 

(Opsaridium microlepis). 
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However, in the last 10 years, the catch of both fish species have recorded a sharp decline due to 

overfishing of chambo (Oreochromis karongae) and to the environmental degradation of the spawning 

grounds of mpasa (Opsaridium microlepis) (Halle and Burgess, 2006). 

 

The increase recorded in the five-year fish production (Table 99) is mostly due to the intensification of 

catch of the small pelagic usipa (Engraulicypris sardella) and the promotion of offshore deep water 

fishing in Lake Malawi (Government of Malawi, 2011; Phiri et al., 2013). In Lake Malawi, there is a 

semi-commercial fishery fleet composed of pair trawlers24 (vessels of 7.6 m average length and engine 

power of 90 hp) fishing in water depth between 18 m to 50 m, as well as a commercial fishery fleet 

composed of stern trawlers25 (engine power from 125 to 400 hp) fishing in water depth between 50 m to 

130 m.  

 

In 2010–12, the harvest of chambo and mpasa accounted for about 2 300 tonnes/year and between 4 300 

and 4 500 tonnes/year, respectively, compared with the harvest of usipa, which ranged between 55 000 

and 58 000 tonnes/year. Thus, chambo and mpasa currently represent 2 percent and 4 percent of the 

overall fish production, while usipa has the largest share (58 percent) (Government of Malawi, 2011). 

 

The reliability of the national “estimate of inland capture fisheries production – quantity” is considered 

high because of the occurrence of official statistics and the detail of information in the major fishing areas 

of the country.  

 

Table 99: Estimates of “inland capture fisheries production – quantity”, Malawi 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 43 690  FAO, 2006−2016 

Average 2003–2007 61 778  FAO, 2006−2016 

Average 2008–2012 88 077  FAO, 2006−2016 

Regional estimates 

Lake Malawi – fish production 2011 58 216  Government of Malawi, 2011 

Lake Chiuta – fish production 2011 2 627  Government of Malawi, 2011 

Lake Chilwa – fish production 2011 16 960  Government of Malawi, 2011 

Lake Malombe – fish production 2011 4 109  Government of Malawi, 2011 

Lower and middle Shire River – fish 

production 2011 
451  Government of Malawi, 2011 

Estimate of inland capture fisheries 

production – quantity 
88 100 High  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

11.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

Official figures reported by the country to the FAO Fisheries and Aquaculture Department show a 

remarkable increasing trend in aquaculture production, which between 2008 and 2012 reached  

2 400 tonnes/year (Table 100). The major fish species currently farmed in Malawi are chilunguni (Tilapia 

rendali), makumba (Oreochromis shiranus), chambo (O. karongae), and mlamba (Clarias gariepinus) 

(Njaya, 2006).  

 

The major aquaculture private companies include Maldeco Aquaculture Ltd, African Novel Resources, 

Mandebvu Integrated Farm and Solace Fish Farm (RIU, 2010). Maldeco Aquaculture was set up in 2004 

in Mangochi on the southern shore of Lake Malawi for cage culture of chambo (Oreochromis spp.) 

Around 50 cages were operational with production at about 750 tonnes/year (Gondwe, 2009). In 2004, 

GK Aquafarms, a medium-scale farm, was established in the lower Shire River. GK Aquafarms produces 

around 120 tonnes of tilapia and common carp per year (Chimatiro and Chirwa, 2007). 

                                                      
24 Pair trawlers: two vessels that tow a single trawl net behind them. 
25 Stern trawler: a fishing vessel that tows a single trawl net behind it. 
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Table 100: Estimates of “non-marine aquaculture production – quantity”, Malawi 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 512  FAO, 2006−2016 
Average 2003–2007 1 042  FAO, 2006−2016 
Average 2008–2012 2 403  FAO, 2006−2016 
Estimate of non-marine 

aquaculture production – quantity 
2 400 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

The reliability of the current national “estimate of non-marine aquaculture production– quantity” is 

considered medium since official statistics are likely to include aquaculture production beyond those 

from major commercial farms in the country. 

 

11.2.3 Estimates of “inland capture fisheries production – value” 

 

Among the available data sources for wild caught fish, the values reported by Matiya, Wakabayashi and 

Takenouchi (2005) are used as baseline reference figures, since they are values referencing the year 2003, 

an earlier time frame than the analysed time period of 2008–12. Moreover, these values are retail prices 

derived from interviews of retailers and consumers in 13 different markets in both rural and urban areas. 

They are systematically higher than both the prices reported in 2007 for Mangochi District (Donda et al., 

2014) and the prices reported in 2010 for Chia Lagoon adjacent to Lake Malawi (Bunderson et al., 2010). 

 

Table 101: Estimates of first-sale prices of wild caught species, Malawi 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and diadromous 

fish  
0.9–1.5 

Government of Malawi, 2011; 

de Graaf & Garibaldi, 2014; Bunderson et al., 2010 

Cichlidae 
0.5 Donda et al., 2014; Bunderson et al., 2010 

(1.7) Matiya, Wakabayashi and Takenouchi, 2005 

Clarias spp. 
0.6–0.8 Donda et al., 2014; Bunderson et al., 2010 

(1.7) Matiya, Wakabayashi and Takenouchi, 2005 

Copadichromis spp. 
0.5 Donda et al., 2014 

(1.7) Matiya, Wakabayashi and Takenouchi, 2005 

Cyprinidae 0.9–1.5 Estimated in this study 

Engraulicypris sardella 
0.5 Donda et al., 2014 

(3.8) Matiya, Wakabayashi and Takenouchi, 2005 

Oreochromis spp. 
1.5–1.9 Donda et al., 2014; Bunderson et al., 2010 

(3.2) Matiya, Wakabayashi and Takenouchi, 2005 

Oreochromis shiranus 0.8 Donda et al., 2014; Bunderson et al., 2010 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period of 

2008−2012. Bold highlights the data used.  

 

In Malawi, the beach price, which is usually reported for wild caught fish, spans between US$0.9 and 

US$1.5 per kg (Bunderson et al., 2010; de Graaf and Garibaldi, 2014; Government of Malawi, 2011) 

(Table 101). 

 

The most abundant fish catch in Malawi is Lake Sardine (Engraulicypris sardella), locally called “usipa” 

and endemic to Lake Malawi. Another important component of fish catch is constituted by small 

haplochromine cichlids, locally called “kambuzi”, as well as by utaka (Copadichromis spp.). The beach 

prices of these local species are reported to be approximately US$0.5/kg. Higher prices are reported for 

“chambo”, which is the local name to identify three closely related species of the tilapiine cichlid: 

Oreochromis karongae, O. squamipinnis, and O. lidole. Chambo is a very popular and prized fish food, 

and the high demand has pushed artisanal and local commercial fisheries to overfish major fish stocks to 
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the extent that now O. lidole is considered an endangered species and is included in the IUCN Red List of 

Threatened Species. 

 

Besides the chambo species group, there are also other species of tilapiine cichlids in Malawi: 

O. shiranus and Tilapia rendalli. Recent chambo prices are reported to be between US$1.5 and 

US$1.9 per kg, while a minor price of US$0.8/kg is reported for other tilapia species (Donda et al., 2014; 

Bunderson et al., 2010). 

 

In Malawi, the quantity of fished tilapia is often reported by the country to the FAO Fisheries and 

Aquaculture Department without further details at the species level (tilapia nei); thus, a range of values 

between US$0.8/kg (corresponding to Oreochromis shiranus and Tilapia rendalli) and US$1.9/kg 

(corresponding to the chambo species group) have been used. 

 

The reported price for catfish (Clarias spp.), locally known as “mlamba”, is between US$0.6 and 

US$0.8 per kg, which is slightly lower than the less-prized tilapia species. There is also the reported 

quantity of 11 821 unspecified freshwater and diadromous fish, of which about 7 816 belong to the 

Cyprinidae family. However, within the Cyprinidae, the prices of fish species seem to vary greatly. Retail 

prices of two ray-finned fishes such as “ntchira” (Labeo mesops) and mpasa (Opsaridium 

microcephalum) in 2003 were reported to be US$3.2 and US$2.6 per kg, respectively, compared with 

retail prices of US$1.7 reported for bombe (Bathyclarias spp.) and matemba (Barbus spp.). 

 

Given the lack of information of recent beach prices for species belonging to the Cyprinidae family, the 

same unit price reported for the freshwater and diadromous fish group has been used. 

 

Table 102: Estimates of “inland capture fisheries production – value” based on official statistics, 

Malawi 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and 

diadromous species 0.9–1.5 4 005 3 605 6 008 

Cichlidae 0.5–0.5 11 660 5 830 5 830 

Clarias spp. 0.6–0.8 4 122 2 473 3 298 

Copadichromis virginalis 0.5 8 847 4 424 4 424 

Cyprinidae 0.9–1.5 7 816 7 035 11 724 

Engraulicypris sardella 0.5 42 080 21 040 21 040 

Oreochromis spp. 1.5–1.9 6 110 9 165 11 609 

Oreochromis shiranus 0.8 3 437 2 749 2 749 

Total  88 100 56 320 66 681 

 

By using the first-sale prices reported in Table 101, the “estimated value of inland capture fisheries 

production”, recording an average yield of 88 100 tonnes/year between 2008 and 2012, is assessed to be 

between US$56 million and US$67 million per year (Table 102). 

 

11.2.4 Estimates of “non-marine aquaculture production – value” 

 

The official farmgate prices reported by the country to the FAO Fisheries and Aquaculture Department in 

2010 are higher than the prices reported by different sources, and they also result significantly higher than 

the aquaculture prices recorded in other analysed African countries. 

 

Therefore, when available, the official farmgate prices were used together with other reported unit prices. 

The Gopi Krishna (GK) Aqua Farm, in Chikwawa District, raises the common carp (Cyprinus carpio), 

and two species of tilapia (Tilapia rendalli and Oreochromis shiranus) in a polyculture system and sells 
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them at a farmgate price of US$3/kg and US$1.8/kg, respectively (Longwe, Kang’ombe and Kaunda, 

2010). The unit price of catfish was conservatively assessed to vary between US$1.3 and US$2.1 per kg 

(Table 103). 

 

Table 103: Estimates of farmgate prices of aquaculture species, Malawi 

Species  
Unit price 

(US$/kg) 
Source 

Clarias spp. 

1.3 Estimated in this study 

2.1 FAO, 2006−2016; unit price referred to 2010  

(1.3) Ponzoni & Nguyen, 2008 

Cyprinus carpio 
3 Longwe, Kang’ombe & Kaunda, 2010 

4.1 FAO, 2006−2016; unit price referred to 2010 

Oncorhynchus mykiss 5.3 FAO, 2006−2016; unit price referred to 2010 

Oreochromis shiranus 
1.8–2.9 Estimated in this study 

1.8 Longwe, Kang’ombe & Kaunda, 2010 

Oreochromis spp. 
2.9 FAO, 2006−2016; unit price referred to 2010 

(1–1.5) Jamu and Brummett, 2004 

Oreochromis mossambicus 3.8 FAO, 2006−2016; unit price referred to 2010 

Tilapia rendalli 

1.8 Longwe, Kang’ombe & Kaunda, 2010 

3.3 PAF Aquaculture working group, 2011 

3.7 FAO, 2006−2016; unit price referred to 2010 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period of 

2008−12. Bold highlights the data used. 

 

By using the farmgate prices reported in Table 103, the “estimated value of non-marine aquaculture 

production”, recording an average yield of 2 400 tonnes/year between 2008 and 2012, is assessed to be 

about US$6 million and US$8 million per year (Table 104). 

 

Table 104: Estimates of “non-marine aquaculture production – value”, Malawi 

 

11.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In Malawi, the “inland fish production – 

quantity” supplied comprehensively 91 000 tonnes per year with an estimated value between 

US$62 million and US$74 million  (Table  105). 

 

The “aquaculture contribution to inland fish production” between 2008 and 2012 is estimated to be 

3 percent in terms of quantity and between 9 and 10 percent in terms of value.  

 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Clarias gariepinus 1.3–2.1 141 184 297 

Cyprinus carpio 3–4.1 70 210 287 

Oncorhynchus mykiss 5.3 38 200 200 

Oreochromis spp. 1.8–2.9 1 096 1 972 3 177 

Oreochromis mossambicus 3.8 588 2 234 2 234 

Oreochromis shiranus 1.8–2.9 284 511 824 

Tilapia rendalli 1.8–3.7 187 336 691 

Total  2 403 5 647 7 710 
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The reliability of the “inland fish production” and the “aquaculture contribution to inland fish 

production” both assessed in terms of quantity and value is considered high on the basis of available 

information on fish production and fish unit prices. 

 

Table 105: Estimates of “inland fish production” in quantity and value and related indicators, 

Malawi 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest  

estimate 

a. Inland capture fisheries 

production 
88 077 n.a. 56 320 66 681 Table 99; Table 102 

b. Aquaculture production 
2403 n.a. 5 647 

7 710 Table 100; Table 104 

Inland fish production (a+b) 90 500 n.a. 62 247 74 391  

Aquaculture contribution to 

inland fish production (%) 

[b/(a+b)]×100 

3 n.a. 9 10  

Notes: Where the indicator is composed of only one value, the value appears in the lowest estimate column. n.a. = not applicable. 
 

11.3 Fish-water productivity, Malawi 

 

11.3.1 Estimates of “fish-water productivity – quantity” 

 

The “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the “inland fish 

production – quantity” by the extent of “inland water area and aquaculture pond area” in which fish 

stocks live or are raised. In Malawi, the “fish-water productivity – quantity” estimate is 29 kg/ha 

(Table  106) and its reliability is considered low. 

 

Table 106: Estimates of “fish-water productivity – quantity”, Malawi 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production (tonnes) 88 100  Table 99 

b. National estimate of aquaculture production (tonnes) 2 400  Table 100 

Water resources 

c. Inland water area (km2) 30 700  Table 97 

d. Aquaculture pond area (km2) << 100  Table 98 

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 29 Low  

 

The value of the “fish-water productivity – quantity” indicator is rather low considering that Lake Chilwa 

and the “seasonally flooded areas” around the Shire River record fish-water productivity values between 

60 and 165 kg/ha (Table 107) and probably driven by the relatively low fish-water productivity of 

Lake Malawi reported to be 9 kg/ha, caused by its large surface area. 

 

As a result, the “fish-water productivity – quantity” indicator mostly reflects the fish-water productivity 

from inland capture fisheries rather than that from aquaculture production (Table 108), which is due to 

the disparity between production and also to the extent of the “inland water area” compared with the 

“aquaculture pond area”. 
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Table 107: Local-level estimate of fish-water productivity by types of water resource, Malawi 

Lake 

(kg of fish/ha of 

water) 

Reservoir 

(kg of fish/ha 

of water) 

River 

(kg of fish/ha 

of water) 

Floodplain 

(kg of fish/ha of 

water) 

Rice paddy 

(kg of fish/ha of 

water) 

Source 

n.d. n.d. n.d. 
142 

Elephant marshes 
n.d. Kosamu et al., 2012 

n.d. n.d. n.d. 
61–154 

Lower Shire valley 
n.d. Mapila,1998 

n.d. n.d. n.d. 
165 

Lower Shire valley 
n.d. 

ICLARM & GTZ, 

1991 

9 

Lake Malawi 
n.d. n.d. n.d. n.d. Ssentongo, 1989 

160 

Lake Chilwa 
n.d. n.d. n.d. n.d. Phiri et al., 2013 

Note: n.d. = no data. 

 

Table 108: Local-level estimate of fish-water productivity by type of aquaculture system, Malawi 

Farmed species 
Fish-water 

productivity (kg/ha) 
Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Unspecified cultured species 

Unspecified 

500–2 316 Russell et al., 2008 

750–1 200 FAO, 2005b 

200 Chimatiro & Chirwa, 2007 

Commercial intensive farm 2 300 Chimatiro & Chirwa, 2007 

Polyculture of Tilapia rendalli + Oreochromis shiranus 900–1 350 Brummett, 1999 

 

11.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 
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expresses the value of one hectare of water area available to the inland fisheries sector, which in Malawi 

varies between US$20 and US$24 (Table 109). 

 

Table 109: Estimate of “fish-water productivity – value”, Malawi 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
56 320–66 683 

 Table 99 

b. National estimate of aquaculture production (US$1 000) 5 647–7 710  Table 100 

Water resources 

c. Inland water area (km2) 30 700  Table 97 

d. Aquaculture pond area (km2) << 100  Table 98 

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 20–24 Medium  

 

The reliability of the indicator is considered medium, as the low estimate of US$20–US$24/ha at the 

national level is strongly driven by the low fish-water productivity of Lake Malawi caused by its 

extremely large water area.  

 

11.4 Employment and livelihood, Malawi 

 

11.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2012, the official figures reported by Malawi to the FAO Fisheries and Aquaculture Department 

accounted for 149 698 inland fishers and 8 334 aquaculture farmers. The number of inland fishers in 

2012 is more than double the number of fishers reported in 2011 (Table 110). However, the estimate of 

60 000 inland fishers has been previously reported also by several other authors (FAO, 2005a; Halle and 

Burgess, 2006), and it can be considered an underestimation in view of the occurrence of 69 000 fishers  

in Lake Malombe alone (Matiya and Wakabayashi, 2005). The official number of aquaculture farmers 

reported in 2012 falls in the range of 6 000 and 9 000 people, previously reported by the Government 

of Malawi. 

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” is  

158 000 people, which divided by the extent of the “inland water area and aquaculture pond area” 

(30 700 km², Table 98) gives an “average density of inland fishers and aquaculture farmers” of 

5 people/km². This low density value is driven by the large size of Lake Malawi and therefore its 

reliability is considered low. The large size of Lake Malawi is also responsible for the large discrepancy 

between the reported number of inland fishers and the calculated maximum number of inland fishers 

(1 237 000 inland fishers), calculated on the basis of the water resources in the country and the average 

fishing density recorded in Africa in different types of inland waters (see section 11.4.2).  

 

The reliability of the “overall number of inland fishers and aquaculture farmers” is considered medium 

since a potential underreporting in the official numbers of part-time and occasional fishers and 

aquaculture farmers cannot be ruled out given the importance of fishing activities in the country and the 

large population size (13 million people, United Nations, 2011). 
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Table 110: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Malawi 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 

149 698  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2012 

61 000  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2011 

b. Number of aquaculture farmers 

(people) 

8 334  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2012 

6 010  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2011 

6 000–9 000  Government of Malawi, 2012 

c. Inland water area (km2) 30 700   

d. Aquaculture pond area (km2) << 100   

Regional estimates 

Number of fishers on Lake Malombe 

(people) 
69 000  Matiya & Wakabayashi, 2005 

Number of fishers on Lake Chilwa (people) 10 000  Allison, Andrew & Olivier, 2007 
Overall number of inland fishers and 

aquaculture farmers (people) (a+b) 
158 000 Medium  

Average density of overall inland fishers 

and aquaculture farmers (people/km²) 
[(a+b)/(c+d)] 

5 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

11.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 
 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by coastal lagoons, lakes, reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Africa, as reported by FAO 

(1995).  

 

Table 111: Calculated number of inland fishers by type of water resource, Malawi 

Inland waters 

Computed 

theoretical 

number of fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Africa* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Africa*  

(people/km2) 

(c) 

Coastal lagoons n.a.  n.d. 12.5 107 

Lakes 47 340–1 236 100  26 300 1.8 47 

Reservoirs n.d.  n.d. 2.4 19 

Flooded areas 439–1 316  4 388 0.1 0.3 

Calculated number of 

inland fishers based 

on the extent of 

different types of 

inland waters 

48 000–1 237 000 Low  

*Source: FAO (1995).  

Notes: Indicator values have been rounded. n.a. = not applicable; n.d.= no data. 
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In the case of Malawi, the “calculated number of inland fishers based on the extent of different types of 

inland waters” is estimated to be between 48 000 and 1 237 000 people (Table 111). 

 

The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the analysed 

country, as well as considering the wide range of values.  
 

11.5 Protein supply, Malawi 

 

11.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 

 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production.  

 

Table 112: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Malawi 

Variable 

Proteins supplied 

by inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Amount Reliability Source 

a. Freshwater and 

diadromous fish  
9 600 262 9 862 

   FAO, 2006−2016 

b. Crustaceans n.d. n.d. n.d.     

c. Molluscs n.d. n.d. n.d.     

d. Other aquatic animals n.d. n.d. n.d.     

e. Proteins calculated from 

official production figures 

in 2008–2012 (tonnes)  

(a+b+c+d) 

9 600 300 9 900 

   

f. Proteins calculated from 

non-official production 

estimate (tonnes)  

n.d. n.d. 
  

Fish protein supplied by inland fish production (tonnes) (e; f) 9 900 Low  

g. Inland water area (km2) 30 700   Table 97 

h. Aquaculture pond area (km2) << 100   Table 98 

Fish-protein water productivity (kg/ha)  
[(e)/(g+h)×10] –[(f)/(g+h)×10] 

3 Low 
  

Notes: Indicator values have been rounded. n.d. = no data. 

In Malawi, the annual average “fish protein supplied by inland fish production” is estimated to be about 

9 900 tonnes of proteins. The national average “fish-protein water productivity”, measured in kg/ha, is 

obtained by dividing “fish protein supplied by inland fish production” by the extent of “inland water area 

and aquaculture pond area”. The resulting “fish-protein water productivity” indicator expresses the 

average content of fish proteins provided by one hectare of water area available to the inland fisheries 

sector, which in Malawi is estimated to be about 3 kg/ha (Table 112). The low estimate of the “fish-

protein water productivity” indicator is driven by the huge water area covered by Lake Malawi.  

 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered low owing to the lack of information on the composition of the 

inland capture fisheries and aquaculture production in the four groups of species considered.  
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12. MALI 
 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

Mali. Table 113 provides an overview of all the values of the compiled indicators. 

 

Table 113: Summary of water-related indicators, Mali 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 36 200 12.1 

Percentage of inland water over country area (%) 3 12.1 

Percentage of permanent inland water over inland water area (%) 20 12.1 

Inland water area and aquaculture pond area (km²) 36 200 12.1 

Inland fish production – quantity (tonnes) 97 400−151 500 12.2 

Inland fish production – value (US$1 000) 109 609−409 605 12.2 

Aquaculture contribution to inland fish production – quantity (%) 1–2 12.2 

Aquaculture contribution to inland fish production – value (%) 1–4 12.2 

Fish-water productivity – quantity (kg/ha) 27–42 12.3 

Fish-water productivity – value (US$/ha) 30–113 12.3 

Overall number of inland fishers and aquaculture farmers (people) 352 700 12.4 

Calculated number of inland fishers based on the extent of different 

types of inland waters (people) 
11 000–202 000 12.4 

Average density of inland fishers and aquaculture farmers (people/km²) 10 12.4 

Fish protein supplied by inland fish production (tonnes) 10 600–16 600 12.5 

Fish-protein water productivity (kg/ha) 3–5 12.5 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 
12.1 Water availability, Mali 

 

12.1.1 Estimates of “permanent inland waters” 

 

The best available estimate of “permanent inland waters” is provided by the GLWD (Lehner and Doll, 

2004), in which lakes covered an area of 3 837 km², reservoirs 695 km² and rivers 2 639 km², for a total 

extent of 7 170 km².  

 

Mali is reported to have more than 100 lakes, with many of them located in the Timbuktu region. 

Important lakes in the regions of Timbuktu and Mopti are Lake Debo (103 km²); Lake Walado (48 km²); 

Lake Korientzé (52 km²); and Lake Tanda (94 km²). In other regions, in Kayes with Lake Magui 

(120 km²); in Segou with Lake Djibatogo (56 km²); and in Koulikoro with Lake Wenia (58 km²) (Dicko 

et al., 2003). The lacustrine component mapped in the GLWD (Lehner and Doll, 2004) is larger than the 

value (3 550 km²) reported by Vanden Bossche and Bernacsek (1990), which takes into account 23 lakes 

associated with the Niger River and the isolated Lake Gossi. 
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In the GLWD (Lehner and Doll, 2004), the riverine component mapped is 2 639 km²; this figure seems 

reasonable when compared with the existing river systems. In fact, in Mali, the major rivers are the Niger 

River, with a channel network of about 3 000 km, and the tributaries of the Senegal River, with a total 

length of 1 400 km (Vanden Bossche and Bernacsek, 1990). 

 

The amount of reservoirs mapped in the GLWD 695 km² (Lehner and Doll, 2004) is likely to be 

underestimated given that the extent of the Sélingué Reservoir (409 km²) and the Mantanali Reservoir 

(600 km²) (Van der Knaap, 1994; Welcomme and Lymer, 2012) together total over 1 000 km²; the 

existence of Markala Reservoir; and the fact that in 2006 Talo Reservoir was in construction and three 

other reservoirs were under study (Fomi, Djenné and Tossaye Reservoirs). However, when compared 

with other sources of information, the mapped extent of “permanent inland waters” in the GLWD seems 

to give a fair representation on the available water resources. 

 

12.1.2 Estimates of “seasonally flooded areas” 

 

The major flooded area in Mali is found in the Inner Niger Delta. Several other authors report that the 

average extent of the Inner Niger Delta at peak flow is about 20 000 km² (Kuper et al., 2003; Marie, 

Morand and N’Djim, 2007; Vanden Bossche and Bernacsek, 1990). 

 

A more detailed description is given by Diarra, Kuper and Mahé (2004). The Inner Niger Delta can be 

divided into two parts: the northern part and the southern part. The northern part, called “erg de 

Niafounké”, can flood up to a maximum area of 10 400 km² on the left bank of the Niger River, affecting 

Lakes Tanda, Kabara, Tagadi, Horo, Fati, Télé, Gouber and Faguibine; and can flood up to a maximum 

area of 4 000 km² on the right bank, affecting Lakes Aougoungou, Niangaye, Do and Garou et Aribongo. 

 

The southern part, called “cuvette lacustre”, includes the towns of Ké-Macina and Douna and Lakes 

Debo, Walado and Korientzé. In wet years, it can flood for 20 000 km². Thus, according to Diarra, Kuper 

and Mahé (2004), in an extremely dry year, the extent of the Inner Niger Delta is only 3 600 km², while 

in wet years it is normally about 20 000 km², but can also extend up to 34 400 km² during wet years 

(Diarra, Kuper and Mahé, 2004). 

 

The flooded areas mapped in the GlobCover land cover is 6 584 km² (ESA, 2010), and thus closer to the 

lower estimate of the value range reported for the Inner Niger Delta. Dicko et al. (2003) reported that the 

flooded area of the Inner Niger Delta ranged between 30 000 and 35 000 km², but that today it does not 

extend beyond 29 000 km². 

 

Given that there is no other comprehensive estimate of the flooded areas in the country, the regional 

estimate of 29 000 km² of the Inner Niger Delta has been used, considering also a potential reduction of 

the flooded areas due to climate change and the regulation of water flows in rivers. 

 

12.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” is estimated to be 36 200 km². “Inland water area” represents 3 percent 

of the entire country area (1 240 192 km², United Nations, 2011), and “permanent inland waters” 

constitute 20 percent of the overall “inland water area” (Table 114). 

The estimate of this study (36 200 km²) is lower than the extent (54 034 km²) reported by Jenness et al. 

(2007), using the WCMC database. The discrepancy is likely to be caused by the differences in mapping 

the extent of flooded areas in the Inner Niger Delta, which has an overall extent of 60 000 km² (Diarra, 

Kuper and Mahé, 2004).  

By comparison, the extent of “inland water area” recorded in the FAOSTAT database is 20 000 km². The 

FAOSTAT value is derived from the difference between “country area” and “land area” (FAO, 2002), 

which are official figures reported by the country to the FAO Statistics Department. 
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The reliability of the “inland water area” and related indicators is considered medium by taking into 

account the consistency among multiple data sources available at the national and regional levels. 

 

Table 114: Estimates of “inland water area” and related indicators, Mali 

Water resources Amount  Reliability Source 

a. Permanent inland waters (km²) 7 170  GIS: Lehner & Doll, 2004 

b. Seasonally flooded areas (km²) 
29 000  Non-GIS: Dicko et al., 2003 

6 584  GIS: ESA, 2010 

Regional estimates 

Seasonally flooded areas of the 

Inner Niger Delta (km²) 

29 000  Non-GIS: Dicko et al., 2003 

7 000–20 000  
Non-GIS: Marie, Morand & N’Djim, 

2007 

10 000–20 000  Non-GIS: Kuper et al., 2003 

3 600–34 400  Non-GIS: Diarra, Kuper & Mahé, 2004 

7 000–37 000  Non-GIS: Oyebande, 2002 

Seasonally flooded areas of the 

Senegal River (km²) 
450   

Inland water area (km²) (a+b)  

36 200 Medium  

20 000  Non-GIS: FAO, 2002 

54 034  GIS: Jenness et al., 2007 

Percentage of permanent inland 

water over inland water area (%) 
20 Medium  

Percentage of inland water over 

country area (%) 
3 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

12.1.4 Estimates of “aquaculture pond area” and related indicators 

 

There are no available data related to the “aquaculture pond area”. However, extensive aquaculture is 

known to be carried out in “mares”, which are seasonally flooded depressions that remain filled with 

water also during the dry season when the flooded areas recede (Russell et al., 2010). There are an 

estimated 200 mares. The higher concentration of mares are found in the Inner Niger Delta (extending in 

the Segou, Mopti and Timbuktu regions), the Seri basin (Mopti region), Gourma basin (extending in the 

Gao and Timbuktu regions), and the Sourou basin (extending in the Mopti region and into Burkina Faso) 

(Dicko et al., 2003). 

 

12.2 Inland fish production, Mali 

 

12.2.1 Estimates of “inland capture fisheries production – quantity” 

 

The national average estimate of inland capture fisheries production between 2008 and 2012 is estimated 

at about 95 900 tonnes/year. The time series of official statistics of inland capture fisheries is affected by 

several data gaps, especially in the most recent years (2008–12); thus, there is a substantial uncertainty on 

the current situation. The amount of “inland fish production” is highly dependent on the fish production 

from the Inner Niger Delta, which is the major fishing area in the country; production varies annually 

according to rainfall pattern and seasonal flooding. According to Peterson and Keller (2006), Mali’s 

inland fisheries production ranges between an estimated 70 000 and 150 000 tonnes annually. 

 

Some authors have warned that official statistics are likely to overreport fish production from the Inner 

Niger Delta, which might be recently experiencing a decline in its fish production. Diarra, Kuper and 

Mahé (2004) reported a fish production between 45 000 and 100 000 tonnes for this area. Zwarts and 

Diallo (2005), re-evaluating the statistics provided by l’Opération Pêche de Mopti in the period 1997–

2002, estimated a fish production of the Inner Niger Delta to be between 50 000 and 80 000 tonnes/year. 

The possible negative trend in the Inner Niger Delta should be confirmed with more recent data.  
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Table 115: Estimates of “inland capture fisheries production – quantity”, Mali 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 101 281  FAO, 2006−2016 

Average 2003–2007 100 000  FAO, 2006−2016 

Average 2008–2012 95 873  FAO, 2006−2016 

Annual fish production 70 000 –150 000  Peterson & Keller, 2006 

Regional estimates 
Fish production from the Inner 

Niger Delta 
50 000–80 000  Zwarts & Diallo, 2005 

Fish production from the Inner 

Niger Delta 
45 000–100 000  Diarra, Kuper & Mahé, 2004 

Senegal floodplains 2 000  Peterson & Keller, 2006 

Fish production from the 

Sélingué Reservoir 

4 000  Peterson & Keller, 2006 

5 000  Arfi, 2005 

Fish production from the 

Mantanali Reservoir 
1 500  Peterson & Keller, 2006 

Estimate of inland capture 

fisheries production – quantity 
95 900–150 000 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

Thus, the “estimate of inland capture fisheries production – quantity” is estimated to be between 95 900 

and 150 000 tonnes; both estimates are inclusive of the inland fish production from the major fishing 

areas in the country, as reported in Table 115. The reliability of the current national “estimate of inland 

capture fisheries production– quantity” is considered low because of the existing divergence between the 

official and non-official estimates on inland capture fisheries production. 

  

12.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

The official statistics reported to the FAO Fisheries and Aquaculture Department between 2008 and 2012 

showed that the national average of non-marine aquaculture production was about 1 500 tonnes/year. 

There is a marked increase on the average annual production in the period 2008–12 compared with the 

previous five-year averages (Table 116). 

 

The reliability of the  current national “estimate of non-marine aquaculture production– quantity”  is 

considered medium since more information is required to confirm the reported production trend. 

 

Table 116: Estimates of “non-marine aquaculture production – quantity”, Mali 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 336  FAO, 2006−2016 

Average 2003–2007 933  FAO, 2006−2016 
Average 2008–2012 1 466  FAO, 2006−2016 
Estimate of non-marine 

aquaculture production – quantity 
1 500 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 
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12.2.3 Estimates of “inland capture fisheries production – value” 

 

It is reported that the price of medium-sized fish, of any species, is sold at Kobala-coura for  

US$2.3–US$2.7 per kg, at Baguinéda Camp for US$1.8–US$2 per kg, and at Tanima for  

US$1.2–US$1.7 per kg; small-sized fish is sold at all three sites for about US$1.4/kg (Niaré and Kalossi, 

2014) (Table 117). 

 

The first-sale price of US$2.7/kg is also what is officially reported by the country as the dock price of 

inland captured fish in a recent FAO project assessing the value of African fisheries (de Graaf and 

Garibaldi, 2014). The first-sale price of US$1.1/kg is the tilapia retail price recorded in 2009 at the 

market of Timbuktu and Gao (Groupe de travail pluridisciplinaire d’assistance meteorologique, 2009). 

 

Table 117: Estimates of first-sale prices of wild caught species, Mali 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and 

diadromous fish  

1.1–2.7 Niaré & Kalossi, 2014 

2.7 de Graaf & Garibaldi, 2014 

Lates niloticus [2.5–7] Groupe de travail pluridisciplinaire d’assistance meteorologique, 2009 

Oreochromis spp. [1.1–5] Groupe de travail pluridisciplinaire d’assistance meteorologique, 2009 

Notes: Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, or to 

dry, smoked or salted fish (see text for details). Bold highlights the data used.  

 

By using the first-sale prices reported in Table 117, the “estimated value of inland capture fisheries 

production”, recording an average yield of 95 900 tonnes/year between 2008 and 2012, is assessed to be 

between US$105 million and US$259 million per year (Table 118). 
 

Table 118: Estimates of “inland capture fisheries production – value” based on official statistics, 

Mali 

 

The alternative estimate of inland capture fisheries production of 150 000 tonnes/year reported by 

Peterson and Keller (2006) is valued using the unit price of US$1.1–US$2.7 per kg of the first-sale price 

of fish. Consequently, the inland capture fisheries production of 150 000 tonnes/year is estimated to have 

an average value between US$165 million and US$405 million per year (Table 119).  

 

Table 119: Estimates of “inland capture fisheries production – value” based on non-official figures, 

Mali 

Species  
Unit price 

(US$/kg) 

Production reported 

by Peterson and 

Keller (2006)  

(tonnes) 

Value using 

lowest unit price 

 (US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and 

diadromous fish  
1.1–2.7 150 000 165 000 405 000 

Total 150 000 165 000 405 000 

 

By considering both official and non-official fish production figures, the “estimated value of inland 

capture fisheries production” in Mali spans between US$105 million and US$405 million per year. 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

 (US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and 

diadromous species 1.1–2.7 95 873 105 460 258857 

 Total 95 900 105 460 258 857 
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12.2.4 Estimates of “non-marine aquaculture production – value” 

 

In 2012, the official farmgate prices reported by the country for farmed catfish and other fish (freshwater 

and diadromous fish with no details on the species) was US$2.9/kg compared with a lower price of 

US$2.7/kg reported for farmed tilapia. It has also been reported that farmed catfish of medium size, 

weighing 380 g, is usually sold at US$3.4/kg (Marquet, 2014) (Table 120). 

 

Table 120: Estimates of farmgate prices of aquaculture species, Mali 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and diadromous fish  2.9 FAO, 2006−2016; unit price referred to 2012 

Clarias spp. 
2.9 FAO, 2006−2016; unit price referred to 2012 

3.4 Marquet, 2014 

Oreochromis spp. 2.7 FAO, 2006−2016; unit price referred to 2012 

 

By using the above-discussed farmgate prices, the “estimated value of non-marine aquaculture 

production”, recording an average yield of 1 500 tonnes/year between 2008 and 2012, is assessed to be 

between US$4 million and US$4.6 million per year (Table 121). 

 

Table 121: Estimates of “non-marine aquaculture production – value”, Mali 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and diadromous 

fish  
2.9 52 151 

151 

Clarias spp. 2.9–3.4 913 2 648 3 104 

Oreochromis spp. 2.7 500 1 350 1 350 

Total 1 500 4 149 4 605 

 

12.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In Mali, the “inland fish production – 

quantity” supplied comprehensively between 97 000 and 152 000 tonnes per year with an estimated value 

between US$110 million and US$410 million (Table 122).  

 

Table 122: Estimates of “inland fish production” in quantity and value and related indicators, Mali 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 

Source Lowest 

estimat

e 

Highest 

estimate 
Lowest 

estimate 

Highest 

estimate 

a. Inland capture fisheries 

production  
95 900 150 000 105 460 405 000 

Table 115, Table 118, 

Table 119 

b. Aquaculture production 1 465 1 465 4 149 4 605 Table 116, Table 121 

Inland fish production (a+b) 97 400 151 500 109 609 409 605  

Aquaculture contribution to 

inland fish production (%) 
[b/(a+b)]×100 

2 1 4 1  
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The “aquaculture contribution to inland fish production” between 2008 and 2012 is estimated to be 

between 1 and 2 percent in terms of quantity and between 1 and 4 percent in terms of value. 

 

The reliability of the “inland fish production” and “aquaculture contribution to inland fish production” 

indicators, both assessed in terms of quantity and values, is considered low given the divergent estimates 

of “inland fish production – quantity”, and is further amplified by price variability in the estimate of the 

“aquaculture contribution to inland fish production – value”. 

 
12.3 Fish-water productivity, Mali 

 

12.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In Mali, the “fish-water productivity – quantity” estimate is between 

27 and 42 kg/ha (Table 123) and its reliability is considered medium. 

 

The value of the “fish-water productivity – quantity” is similar to the fish-water productivity recorded in 

reservoirs (with the exception of the Sélingué Reservoir) and the Inner Niger Delta (Table 124). No 

available data were found on fish-water productivity of aquaculture at the local level related to farms or 

subsistence family ponds. 

 

Table 123: Estimates of “fish-water productivity – quantity”, Mali 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(tonnes) 
95 900–150 000  Table 115 

b. National estimate of aquaculture production (tonnes) 1 500  Table 116 

Water resources 

c. Inland water area (km2) 36 200  Table 114 

d. Aquaculture pond area (km2) n.d.   

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 27–42 Medium  

Note: n.d. = no data. 

 
 

Table 124: Local-level estimate of fish-water productivity by types of water resource, Mali 

Lake 

(kg of fish/ha 

of water) 

Reservoir 

(kg of fish/ha 

of water) 

River 

(kg of fish/ha 

of water) 

Floodplain 

(kg of fish/ha of 

water) 

Rice paddy 

(kg of fish/ha 

of water) 

Source 

n.d. 

26–27 

Mantanali 

Reservoir 

n.d. n.d. n.d. 
Anne, Lelek & Tobias, 

2007 

n.d. 

40 

Sélingué 

Reservoir 

n.d. n.d. n.d. 
Anne, Lelek & Tobias, 

2007 

n.d. 

27 

Mantanali 

Reservoir 

n.d. n.d. n.d. 
Laë, Ecoutin & 

Kantoussan, 2004 

n.d. 

100 

Sélingué 

Reservoir 

n.d. n.d. n.d. 
Laë, Ecoutin & 

Kantoussan, 2004 

n.d. n.d. n.d. 
40–50 

Inner Niger Delta 
n.d. Zwarts & Diallo, 2005 

Note: n.d. = no data. 
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12.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”.  

 

On the basis of available information on unit prices and the quantity of fish captured or cultured in the 

estimated “inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” 

indicator expresses the value of one hectare of water area available to the inland fisheries sector, which in 

Mali varies between US$30 and US$113 (Table 125). 

 

Table 125: Estimate of “fish-water productivity – value”, Mali 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
105 490–405 000 

 Table 118, 

Table 119 

b. National estimate of aquaculture production (US$1 000) 4 149–4 650  Table 121 

Water resources 

c. Inland water area (km2) 36 200  Table 114 

d. Aquaculture pond area (km2) n.d.   

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 30–113 Low  

Note:  n.d. = no data.  

 

The reliability of the indicator is considered low because of its wide range of values. The value range of 

the indicator is caused by the divergence of the estimates of “inland fish production – quantity”, and is 

further amplified by the variability in the unit prices used for its valuation. A finer price calibration will 

affect also the current compiled value of the “fish-water productivity – value” indicator. 

 

12.4 Employment and livelihood, Mali 

 

12.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2012, official figures reported by Mali to the FAO Fisheries and Aquaculture Department accounted 

for 351 000 inland fishers and 1 724 aquaculture farmers (Table 126). 

 

The national number of inland fishers is larger than the estimate provided for the Inner Niger Delta, 

where it is estimated that there are more than 250 000 people engaged in fishing activities (WorldFish 

Center, 2010); it is also close to the maximum number of inland fishers (202 000 people) expected in 

Mali on the basis of the extent of inland waters in the country and the average density of fishers recorded 

in Africa in different types of inland waters (see section 12.4.2). 

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” 

accounts for 352 700 people, which divided by the “inland water area and aquaculture pond area” 

(36 200 km², Table 115), gives an “average density of overall inland fishers and aquaculture farmers” of 

10 people/km². 
 

The reliability of these two social indicators is considered medium on the basis of official statistics and 

the level of consistency found in the comparison with other available estimates. 
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Table 126: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Mali 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 

351 000  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2012 

265 707  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2000 

b. Number of aquaculture farmers 

(people) 

1 724  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2012 

2 019  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2011 

Regional estimates 

Number of fishers on the Inner Niger 

Delta 
250 000  WorldFish Center, 2010 

Number of fishers on the Sélingué 

Reservoir 
1 700–2 000  Arfi, 2005 

c. Inland water area (km2) 36 200  Table 114 

d. Aquaculture pond area (km2) n.d.   

Overall number of inland fishers and 

aquaculture farmers (people) (a+b) 
352 700 Medium  

Average density of overall inland 

fishers and aquaculture farmers 

(people/km²) [(a+b)/(c+d)] 
10 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. n.d. = no data. 

 

12.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 

 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by coastal lagoons, lakes, reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Africa, as reported by FAO 

(1995). In the case of Mali, the “calculated number of inland fishers based on the extent of different types 

of inland waters” is estimated to be between 11 000 and 202 000 people (Table 127) 

 

Table 127: Calculated number of inland fishers by type of water resource, Mali 

Inland waters 

Computed 

theoretical 

number of 

fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Africa* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Africa*  

(people/km2) 

(c) 
Coastal lagoons n.a.  n.d. 12.5 107 

Lakes 6 907–180 339  3 837 1.8 47 

Reservoirs 1 668–13 205  695 2.4 19 

Flooded areas 2 900–8 700  29 000 0.1 0.3 

Calculated number of 

inland fishers based on 

the extent of different 

types of inland waters 

11 000–202 000 Low  

*Source: FAO (1995).  

Notes: Indicator values have been rounded. n.a. = not applicable; n.d.= no data. 
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The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the analysed 

country.  

 
12.5 Protein supply, Mali 

 

12.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 
 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production.  

 

In Mali, the annual average “fish protein supplied by inland fish production” is estimated to be between 

10 600 and 16 600 tonnes of proteins. The national average “fish-protein water productivity”, measured 

in kg/ha, is obtained by dividing the “fish protein supplied by inland fish production” by the extent of 

“inland water area and aquaculture pond area”. The resulting “fish-protein water productivity” indicator 

expresses the average content of fish proteins provided by one hectare of water area available to the 

inland fisheries sector, which in Mali is estimated to be between 3 and 5 kg/ha (Table 128).  

 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicator s is considered low because of the wide range of values caused by the divergence 

of the existing estimates of inland capture fisheries production, and for the lack of information on the 

composition of inland capture fisheries and aquaculture production in the four groups of species 

considered. 

 

Table 128: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Mali 

Variable 

Proteins 

supplied by 

inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Amount Reliability Source 

a. Freshwater and diadromous 

fish  
10 450 160 10 610 

  

 FAO, 

2006−2016 

b. Crustaceans n.d. n.d. n.d.     

c. Molluscs n.d. n.d. n.d.     

d. Other aquatic animals n.d. n.d. n.d.     

e. Proteins calculated from 

official production figures in 

2008–2012 (tonnes) (a+b+c+d) 

10 500 200 10 600 

   

f. Proteins calculated from non-

official production estimate 

(tonnes) 

16 400 200 16 600 

  

Fish protein supplied by inland fish production (tonnes) (e; f) 10 600–16 600   

g. Inland water area (km2) 36 200   Table 114 

h. Aquaculture pond area (km2) n.d.    

Fish-protein water productivity (kg/ha)  
[(e)/(g+h)×10] –[(f)/(g+h)×10] 

3–5 Low  

Notes: Indicator values have been rounded. n.d. = no data. 
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13. NIGERIA 

 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

Nigeria. Table 129 provides an overview of all the values of the compiled indicators. 
 

Table 129: Summary of water-related indicators, Nigeria 

National-level indicator Amount 
Description 

in section 

Inland water area (km²) 61 200 13.1 

Percentage of inland water over country area (%) 7 13.1 

Percentage of permanent inland water over inland water area (%) 15 13.1 

Inland water area and aquaculture pond area (km²) 61 400 13.1 

Inland fish production – quantity (tonnes) 493 700 13.2 

Inland fish production – value (US$1 000) 1 025 675−1 270 585 13.2 

Aquaculture contribution to inland fish production – quantity (%) 39 13.2 

Aquaculture contribution to inland fish production – value (%) 43–50  13.2 

Fish-water productivity – quantity (kg/ha) 80 13.3 

Fish-water productivity – value (US$/ha) 167–207 13.3 

Overall number of inland fishers and aquaculture farmers (people) 889 200−1 692 600 13.4 

Calculated number of inland fishers based on the extent of different 

types of inland waters (people) 
14 000−128 000 13.4 

Average density of inland fishers and aquaculture farmers 

(people/km²) 
14−28 13.4 

Fish protein supplied by inland fish production (tonnes) 53 800 13.5 

Fish-protein water productivity (kg/ha) 9 13.5 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 
13.1 Water availability, Nigeria 

 

13.1.1 Estimates of “permanent inland waters” 

 

In Nigeria, the estimate for “permanent inland waters” is highly influenced by the figure that is 

considered for Lake Chad. Vanden Bossche and Bernacsek (1990) reported that the extent of the “Normal 

Chad” phase of Lake Chad is 5 500 km² within Nigeria, which virtually disappeared during the “Little 

Chad” phase. Since 1973, the extent of Lake Chad has gradually reduced due to climate change and 

decreased rainfall in its southern hydrological basin, and so the lake has mainly shrunk to its Little Chad 

phase (Luxereau, Genthon and Ambouta Karimou, 2011). Already Ita (1993) reported that along the 

Nigerian border the level of water was very low, and that the Nigerian portion was a vast swamp with 

reeds and tall grasses, among which a few passages had to be created to allow canoes to move to open 

waters. With remote sensing, it is possible to follow the gradual transition over time from the “Normal 

Chad” phase towards a reduction of the extent of Lake Chad that tends to remain in the “Little Chad” 

phase. In 2001, Lake Chad was less than 1 500 km² (Nwafili and Gao, 2007), and today it has de facto 
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disappeared from the Nigerian territory from its “Little Chad” phase (Luxereau, Genthon and Ambouta 

Karimou, 2011). 

 

The “permanent inland waters” mapped by Lehner and Doll (2004) include the extent of lakes and Lake 

Chad in its “Normal Chad” phase (5 288 km²), despite the fact that its current size has been decreasing. 

The area of Lake Chad has been digitalized from a Landsat (GLS) image and the obtained polygon has 

been overlaid on the CNES Spot image of 2013, available on Google Earth. As a good correspondence 

between the spatial features of the Landsat image and CNES spot image was recorded, it is assessed that 

currently there is no open surface water of Lake Chad in Nigeria. 

 

The map provided by Lehner and Doll (2004) has been modified and updated on the basis of the current 

extent of Lake Chad in Nigeria as revealed by remote sensing. Thus, the resulting modified map by 

Lehner and Doll (2004) includes 1 360 km² of lakes, 5 334 km² of rivers, and 2 529 km² of reservoirs, so 

the estimate of “permanent inland waters” is 9 223 km². 

 

It should be noted that Ita (1993) reported an extent of “inland water area” in Nigeria of about 

111 160 km². However, this estimate also includes the whole extent area of major water basins and not 

only the surface of water resources within them, and thus it is not useful for the purpose of this study and 

cannot be compared with other available figures. 

 

13.1.2 Estimates of “seasonally flooded areas” 

 

The most comprehensive description of flooded areas in Nigeria is given by Hughes and Hughes (1992). 

This includes “seasonally flooded areas” around the Niger Delta (20 000 km²); the Niger and Benue 

Rivers system (13 000 km²); the floodplains around the Ngadda, Yedseram and El Beid Rivers 

(11 000 km²); the flooded area between Kano and Katsina (1 900 km²); the swamp area around Lagos and 

Lekki Lagoons (555 km²); and the seasonal and permanent flooded areas associated with the Hadejia 

River and Bunga River (6 105 km²), which altogether add up to around 52 000 km². 

 

Another inventory of flooded floodplains and deltas reported by Ita (1993) estimated 40 795 km², which 

included flooded areas associated with the Niger River, the Cross River, the Hadejia Komadugu Yobe 

River, the Benue River, the Ogun-Oshun River, the Kwa Iboe River, and the Imo River. 

 

The extent of flooded areas mapped in GlobCover is constituted by only a small portion of the reported 

flooded areas in the country (ESA, 2010). 

 

13.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” in Nigeria is estimated to be 61 200 km². “Inland water area” represents 

7 percent of the entire country area (923 768 km², United Nations, 2011), and “permanent inland waters” 

constitute 15 percent of “inland water area” (Table 130). The estimate of this study (61 200 km²) is 

similar to the extent (58 480 km²) reported by Jenness et al. (2007), using the WCMC database. 

 

The extent of inland waters (13 000 km²) recorded in the FAOSTAT database probably accounts only for 

“permanent inland waters”. The FAOSTAT value is derived from the difference between the “country 

area” and “land area” (FAO, 2000), which are official figures reported by the country to the FAO 

Statistics Department. 

 

The reliability of the “inland water area” and related indicators is considered medium. In fact, despite the 

wide extent of the “seasonally flooded area”, the overall “inland water area” might still be underestimated 

and not fully represent the large river network flowing in the country. 
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Table 130: Estimates of “inland water area” and related indicators, Nigeria 

Water resources Amount  Reliability Source 

a. Permanent inland waters (km²) 9 223  GIS: Modified from Lehner & Doll, 2004 

Regional estimates 

Water area of Lake Chad in Nigeria 

in the 1990s 
5 500  

Non-GIS: Vanden Bossche & Bernacsek, 

1990 

Water area of Lake Chad in Nigeria 

in 2001 
1 500  Non-GIS: Nwafili & Gao, 2007 

Estimated water area of Lake Chad 

in Nigeria in 2013 
n.s.  

GIS: Interpretation from Landsat satellite 

image 

b. Seasonally flooded areas (km²) 

52 000  Non-GIS: Hughes & Hughes, 1992 

40 795  Non-GIS: Ita, 1993 

3 380  GIS: ESA, 2010 

Inland water area (km²) (a+b)  

61 200 Medium  

58 480  GIS: Jenness et al., 2007 

13 000  Non-GIS: FAO, 2000 

Percentage of permanent inland 

water over inland water area (%) 
15 Medium  

Percentage of inland water over 

country area (%) 
7 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. n.s. = non significant. 

 

13.1.4 Estimates of “aquaculture pond area” and related indicators 

 

There are no available official statistics on the “aquaculture pond area”. In 2003, a nationwide inventory 

census recorded 2 642 private fish farms, of which about 50 were commercial farms with an average size 

of 15 ha. The rest were small medium-sized farms with a size of 2–10 ha (Ayinla, 2007). Thus, it can be 

estimated that an approximated “aquaculture pond area” in 2003 covered an area of about 200 km²  

(Table 131). 

 

The reliability of the “inland water area and aquaculture pond area” indicator is considered low because 

there are no available official statistics for its compilation, but only a non-official rough estimate.  

 

Table 131: Estimates of the “aquaculture pond area” and related indicators, Nigeria 

Farmed species Surface (km²) Reliability Source 

a. Freshwater pond aquaculture  

Freshwater and diadromous fish  n.d.   

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

b. Brackish-water pond aquaculture 

Freshwater and diadromous fish  n.d.   

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

c. Unspecified pond aquaculture 

Unspecified 200  
Based on data reported by 

Ayinla, 2007 

d. Estimated cage area n.d.   

Aquaculture pond area (a+b+c+d) 200 Low  

Inland water area and aquaculture 

pond area 
61 400 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. n.d. = no data 
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13.2 Inland fish production, Nigeria 

 

13.2.1 Estimates of “inland capture fisheries production – quantity” 

 

The national average estimate of inland capture fisheries production recorded between 2008 and 2012 

was about 299 400 tonnes/year, which is nearly double the average production recorded between 1998 

and 2002 (Table 132). 

 

The real increase of inland fish production over time needs to be confirmed with additional data, given 

that Anyanwu et al. (2007), for example, reported an overall increase in inland fish production between 

1991 and 2000, but in this trend both coastal and inland fish production were considered together. 

 

The reliability of the national “estimate of inland capture fisheries production – quantity” is considered 

low. The uncertainty related to official statistics of inland capture fisheries production is because basic 

information regarding catch species composition, frequency of size, and fish catch increase or decrease 

from most inland waters has not been available for more than two decades (Abiodun and Miller, 2007). 

 

Table 132: Estimates of “inland capture fisheries production – quantity”, Nigeria 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 150 429  FAO, 2006−2016 

Average 2003–2007 209 157  FAO, 2006−2016 

Average 2008–2012 299 371  FAO, 2006−2016 

Estimate of inland capture fisheries 

production – quantity 
299 400 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

13.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

The official statistics reported to the FAO Fisheries and Aquaculture Department between 2008 and 2012 

showed that the national average of non-marine aquaculture production was about 194 300 tonnes/year. 

There has been a marked increase of over three times in the average annual production between 2008 and 

2012 compared with the previous five-year periods (Table 133). 
 

Table 133: Estimates of “non-marine aquaculture production – quantity”, Nigeria 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 24 595  FAO, 2006−2016 

Average 2003–2007 60 129  FAO, 2006−2016 

Average 2008–2012 194 313  FAO, 2006−2016 

National estimate of non-marine 

aquaculture production 
194 300 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

Nigeria is one of the major aquaculture producers in Africa. Tilapia is the most common aquaculture 

species raised in monoculture and in polyculture raised with catfish. These species are often raised in 

concrete tanks, especially in urban and peri-urban households (Ayinla, 2007; Miller and Atanda, 2011).  

 

The reliability of the “estimate of non-marine aquaculture production – quantity” is considered medium 

since more information is required to confirm the reported production trend. 

 

13.2.3 Estimates of “inland capture fisheries production – value” 

 

Available information on fish prices found in the literature refers generically to landed freshwater and 

diadromous species without any information at the species level. In a recent FAO project assessing the 
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value of African fisheries, the average dock price of inland captured fish is reported to be US$2.4/kg 

(de Graaf and Garibaldi, 2014). This figure is slightly higher than the average price of  

US$1.7–US$2 per kg, the price in which fish was reported to be sold along the Lagos lagoon beaches in 

2010 (Okayi et al., 2013). 

 

Unfortunately, although data on fish production are reported with a detailed breakdown in species, no 

information was found on unit prices (US$/kg) at the species level. 

 

Table 134: Estimates of first-sale prices of wild caught species, Nigeria 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and 

diadromous species 

2.4 de Graaf et al., 2014 

1.7–2 Okayi et al., 2013 

Note: Bold highlights the data used. 

 

Therefore, by using the first-sale prices of wild caught species reported in Table 134, the “estimated 

value of inland capture fisheries production”, recording an average yield of 299 000 tonnes/year between 

2008 and 2012, is assessed to be between US$509 million and US$719 million per year (Table 135). 

 

Table 135: Estimates of “inland capture fisheries production – value” based on official statistics, 

Nigeria 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

 (US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and 

diadromous fish  
1.7–2.4 299 391 508 931 718 490 

Total 299 400 508 931 718 490 

 

13.2.4 Estimates of “non-marine aquaculture production – value” 

 

The official farmgate prices, which were reported by the country to the FAO Fisheries and Aquaculture 

Department in 2014, are used as baseline values to calculate the value of aquaculture production in 

Nigeria. The prices reported by Mafimisebi and Okunmadewa (2006) are shown only for comparison. 

They refer to the prices of sun-dried fish and are rescaled from wholesale prices to first-sale prices using 

the authors’ observation that wholesale prices are usually 30 percent higher than farmgate prices. 

 



146 

 

Table 136: Estimates of farmgate prices of aquaculture species, Nigeria 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and 

diadromous 

species 

2.0 FAO, 2006−2016, unit price referred to 2014 

Channa spp. 2.7 FAO, 2006−2016; unit price referred  to 2014 
Characidae 2.5 FAO, 2006−2016; unit price referred  to 2014 
Citharinus spp. 2.3 FAO, 2006−2016; unit price referred  to 2014 

Clarias spp. 

3.2 FAO, 2006−2016; unit price referred  to 2014 
2.9 Anetekhai, 2013 

[1.7] Mafimisebi & Okunmadewa, 2006) 

Cyprinidae 2.6 FAO, 2006−2016; unit price referred  to 2014 
Distichodus spp. 2.1 FAO, 2006−2016; unit price referred  to 2014 
Gymnarchus 

niloticus 

2.3 FAO, 2006−2016; unit price referred  to 2014 

[3.6] Mafimisebi & Okunmadewa, 2006 

Hepsetus odoe 2.5 FAO, 2006−2016; unit price referred  to 2014 

Heterotis niloticus 
2.2 FAO, 2006−2016; unit price referred  to 2014 

[3.4] Mafimisebi & Okunmadewa, 2006 

Lates niloticus 2.4 FAO, 2006−2016; unit price referred  to 2014 

Oreochromis spp. 

2.0 FAO, 2006−2016; unit price referred  to 2014 
[1] Mafimisebi & Okunmadewa, 2006 

(0.8–1) Jamu & Brummett, 2004 

Papyrocranus afer 1.8 FAO, 2006−2016; unit price referred  to 2014 
Synodontis spp. 2.3 FAO, 2006−2016; unit price referred  to 2014 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period of 

2008−12. Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, or 
to dry, smoked or salted fish (see text for details). Bold highlights the data used. 

 

By using the farmgate prices reported in Table 136, the “estimated value of non-marine aquaculture 

production”, recording an average yield of 194 313 tonnes/year between 2008 and 2012, is assessed to be 

between US$517 million and US$552 million per year (Table 137). 

 

Table 137: Estimates of “non-marine aquaculture production – value”, Nigeria 

 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price  

(US$1 000) 

Value using highest 

unit price  

(US$1 000) 

Freshwater and diadromous fish 2 580 1 160 1 160 

Channa spp. 2.7 3 350 9 044 9 044 

Characidae 2.5 3 842 9 604 9 604 

Citharinus spp. 2.3 3 918 9 012 9 012 

Clarias gariepinus 2.9 102 798 298 113 328 952 

Clarias spp. 2.9−3.2 15 040 43 615 48 127 

Cyprinidae 2.6 15 526 40 368 40 368 

Distichodus spp. 2.1 4 533 9 520 9 520 

Gymnarchus niloticus 2.3 4 768 10 965 10 965 

Hepsetus odoe 2.5 2 062 5 155 5 155 

Heterotis niloticus 2.2 3 043 6 694 6 694 

Lates niloticus 2.4 11 485 27 564 27 564 

Oreochromis  spp. 2 11 197 22 395 22 395 

Papyrocranus afer 1.8 8 921 16 059 16 059 

Synodontis spp. 2.3 3 251 7 478 7 478 

Total 194 313 516 744 552 095 
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13.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In Nigeria, the “inland fish production – 

quantity” between 2008 and 2012 supplied, on average, 494 000 tonnes per year with an estimated value 

between US$1 billion and US$1.3 billion (Table 138).  

 

The “aquaculture contribution to inland fish production” between 2008 and 2012 is estimated to be 

39 percent in terms of quantity and between 43 and 50 percent in terms of value. The reliability of the 

“inland fish production” and the “aquaculture contribution to inland fish production”, both assessed in 

terms of quantity and value, is considered high on the basis of available information on fish production 

and fish unit prices. 

 

Table 138: Estimates of “inland fish production” in quantity and value and related indicators, 

Nigeria 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest  

estimate 

a. Inland capture fisheries 

production  
299 400 n.a. 508 931 718 490 Table 132, Table 135 

b. Aquaculture production 
194 313 n.a. 516 744 

552 095 Table 133, Table 137 

Inland fish production (a+b) 493 700 n.a. 1 025 675 1 270 585  

Aquaculture contribution to 

inland fish production (%) 
[b/(a+b)]×100 

39 n.a. 50 43  

Notes: Where the indicator is composed of only one value, the value appears in the lowest estimate column. n.a. = not applicable. 

 

13.3 Fish-water productivity, Nigeria 

 

13.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In Nigeria, the “fish-water productivity – quantity” estimate is 

80 kg/ha (Table 139) and its reliability is considered medium. 

 

Table 139: Estimates of “fish-water productivity – quantity”, Nigeria 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production (tonnes) 299 400  Table 132 

b. National estimate of aquaculture production (tonnes) 194 300  Table 133 

Water resources 

c. Inland water area (km2) 61 200  Table 130 

d. Aquaculture pond area (km2) 200  Table 131 

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 80 Medium  

 

The value of the “fish-water productivity – quantity” is lower than the fish-productivity values recorded 

in lakes and reservoirs (Table 140), and it is influenced by the large extent of “seasonally flooded areas” 

accounted with the “inland water area”. 
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Table 140: Local-level estimate of fish-water productivity by types of water resource, Nigeria 

Lake 

(kg of fish/ha of 

water) 

Reservoir 

(kg of fish/ha of 

water) 

River 

(kg of fish/ha 

of water) 

Floodplain 

(kg of fish/ha 

of water) 

Rice paddy 

(kg of fish/ha 

of water) 

Source 

252  

Lake Gero 
n.d. n.d. n.d. n.d. Abiodun & Miller, 2007 

n.d. 
301 

Kainji Reservoir 
n.d. n.d. n.d. 

Kolding & van Zwieten, 

2012 

n.d. n.d. 20 n.d. n.d. Ita & Sodo, 1985 

n.d. n.d. 
40 

Niger delta 
n.d. n.d. 

Vanden Bossche & 

Bernacsek, 1990 

Note: n.d. = no data. 

 

Although the “fish-water productivity – quantity” estimated at the national level is one of the highest 

values among the analysed African countries, the value is clearly not representative of the fish-water 

productivity values recorded at the local level of intensive aquaculture production systems (Table 141). 

 

Table 141: Local-level estimate of fish-water productivity by type of aquaculture system, Nigeria 

Farmed species 
Fish-water 

productivity (kg/ha) 
Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish 25 000–50 000 Ayinla, 2007 

Polyculture of tilapia and catfish fertilized with chicken manure 5 000–8 000 Ayinla, 2007 

Polyculture of tilapia and catfish with chicken manure and using 

pellet feeds 
10 000–12 000 Ayinla, 2007 

Polyculture of tilapia and catfish integrated with poultry 

production and using aeration 
10 000–15 000 Ayinla, 2007 

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

Note: n.d. = no data. 

 

13.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in Nigeria 

varies between US$167 and US$207 (Table 142). 
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Table 142: Estimate of “fish-water productivity – value”, Nigeria 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
508 931–718 490 

 Table 132 

b. National estimate of aquaculture production (US$1 000) 516 744–552 095  Table 133 

Water resources 

c. Inland water area (km2) 61 200  Table 130 

d. Aquaculture pond area (km2) 200  Table 131 

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 167–207 Medium  

 

The reliability of the indicator is considered medium by taking into account the amount of data available 

for its compilation and the coherence among the different data sources used. 

 
13.4 Employment and livelihood, Nigeria 

 

13.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2012, official figures reported by Mali to the FAO Fisheries and Aquaculture Department accounted 

for 878 551 inland fishers, 13 627 aquaculture farmers, and 803 432 people with an unspecified 

occupation within the fisheries sector. The official number of inland fishers is in agreement with an 

estimate of inland fishers in 2004 reported by Nwafili and Gao (2007), which includes inland fishers 

operating within 5 nautical miles from the coast in the Niger Delta and in inland fishing waterbodies 

(Table 143). 

 

Table 143: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Nigeria 

Variable Amount Reliability Source 

a1. Number of inland fishers (people) 
878 551  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

1 228 597  Nwafili & Gao, 2007 

b. Number of aquaculture farmers 

(people) 

13 627  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

5 000  Miller & Atanda, 2011 

j. Number of unspecified people with 

occupation within the fisheries sector 

(people) 

803 432  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

c. Inland water area (km2) 61 200  Table 130 

d. Aquaculture pond area (km2) 200  Table 131 

Regional estimates 

Number of inland fishers in Kebbi State 

(people) 
92 000  

Alamu, Abiodun & Miller, 

2005 

Overall number of inland fishers and 

aquaculture farmers (people) (a+b+j) 
889 200–1 692 600 Low  

Average density of overall inland fishers 

and aquaculture farmers (people/km²) 
[(a+b+j)/(c+d)] 

14–28 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 
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Thus, it is possible that official statistics also include not only inland fishers, but also coastal fishers. In 

this case, the figure of 1 678 983 inland fishers would be overestimated. An indication in this respect is 

that 1 678 983 inland fishers is twelve times higher than the maximum number of inland fishers (128 000 

inland fishers) expected in Nigeria on the basis of the extent of inland waters in the country and the 

average density of fishers recorded in Africa in different types of inland waters (see section 13.4.2).  

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” is 

between 889 200 and 1 692 600 people, which divided by the “inland water area and aquaculture pond 

area” (61 400 km²,Table 131) gives an “average density of overall inland fishers and aquaculture 

farmers” between 14 and 28 people/km². 

 

The reliability of these two social indicators is considered low since the official statistics used for its 

compilation contain a large number of people with an unspecified occupation and are likely to include 

also the coastal fishers operating in sea waters within 5 nautical miles from the coast. 

13.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 
 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by coastal lagoons, lakes, reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Africa, as reported by FAO 

(1995). In the case of Nigeria, the “calculated number of inland fishers based on the extent of different 

types of inland waters” is estimated to be between 14 000 and 128 000 people (Table 144). 

 

Table 144: Calculated number of inland fishers by type of water resource, Nigeria 

Inland waters 

Computed 

theoretical 

number of 

fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Africa* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Africa*  

(people/km2) 

(c) 

Coastal lagoons n.a.  n.d. 12.5 107 

Lakes 2 448–63 920  1 270 1.8 47 

Reservoirs 6 069–48 051  2 529 2.4 19 

Flooded areas 5 200–15 600  52 000 0.1 0.3 

Calculated number of 

inland fishers based on 

the extent of different 

types of inland waters 

14 000–128 000 Low  

*Source: FAO (1995).  

Notes: Indicator values have been rounded. n.a. = not applicable; n.d.= no data. 

 

The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the analysed 

country and also considering the wide range of values of the indicator. 

 

13.5 Protein supply, Nigeria 

 

13.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 

 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production. In Nigeria, the annual 

average “fish protein supplied by inland fish production” is estimated to be about 53 800 tonnes of 

proteins. The national average “fish-protein water productivity”, measured in kg/ha, is obtained by 
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dividing “fish protein supplied by inland fish production” by the extent of “inland water area and 

aquaculture pond area”. The resulting “fish-protein water productivity” indicator expresses the average 

content of fish proteins provided by one hectare of water area available to the inland fisheries sector, 

which in Nigeria is estimated to be about 9 kg/ha (Table 145).  
 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered low owing to the lack of information on the composition of the 

inland capture fisheries and aquaculture production in the four groups of species considered.  

 

Table 145: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Nigeria 

Variable 

Proteins supplied 

by inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Total Reliability Source 

a. Freshwater and 

diadromous fish  
32 631 21 180 53 811 

  FAO, 2006−2016 

b. Crustaceans n.d. n.d. n.d.     

c. Molluscs n.d. n.d. n.d.     

d. Other aquatic animals n.d. n.d. n.d.     

e. Proteins calculated from 

official production figures 

in 2008–2012 (tonnes) 

(a+b+c+d) 

32 600 21 200 53 800 

   

f. Proteins calculated from 

non-official production 

estimate (tonnes) 

n.d. n.d. 
  

Fish protein supplied by inland fish production (tonnes) (e; f) 53 800 Low  

g. Inland water area (km2) 61 200  Table 130 

h. Aquaculture pond area (km2) 200  Table 131 

Fish-protein water productivity (kg/ha)  
[(e)/(g+h)×10] –[(f)/(g+h)×10] 

9 Low 
  

Notes: Indicator values have been rounded. n.d. = no data. 
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14. BANGLADESH 

 
In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

Bangladesh. Table 146 provides an overview of all the values of the compiled indicators. 

 

Table 146: Summary of water-related indicators, Bangladesh 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 39 700 14.1 

Percentage of inland water over country area (%) 28 14.1 

Percentage of permanent inland water over inland water area (%) 26 14.1 

Inland water area and aquaculture pond area (km²) 45 800 14.1 

Deep rice cultivated area (km2) 12 200–23 600 14.1 

Lowland rice cultivated area (km2) 94 300–99 800 14.1 

Inland fish production – quantity (tonnes) 2 349 800 14.2 

Inland fish production – value (US$1 000) 3 121 790−4 843 822 14.2 

Aquaculture contribution to inland fish production – quantity (%) 54 14.2 

Aquaculture contribution to inland fish production – value (%) 58–60 14.2 

Fish-water productivity – quantity (kg/ha) 513 14.3 

Fish-water productivity – value (US$/ha) 682–1 058 14.3 

Overall number of inland fishers and aquaculture farmers (people) 4 276 000 14.4 

Expected number of inland fishers calculated on the basis of the 

extent of different inland waters (people) 
2 795 000–5 481 000 14.4 

Average density of overall inland fishers and aquaculture farmers 

(people/km²) 
93 14.4 

Fish protein supplied by inland fish production (tonnes) 253 000 14.5 

Fish-protein water productivity (kg/ha) 55 14.5 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 

14.1 Water availability, Bangladesh 
 

14.1.1 Estimates of “permanent inland waters” 

 

Bangladesh has an alluvial delta of about 144 000 km2 formed by the Ganges-Padma, Meghna and 

Jamuna-Brahmaputra Rivers and their tributaries. 
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Inland capture fisheries mainly make use of riverine water resources constituted by rivers and estuaries 

(8 539 km2), their associated beels 26  (1 142 km2), a large artificial reserve known as Kaptai Lake 

(688 km2), and seasonally flooded floodplains (DOF, 2010). 

 

By comparison, the GLWD (Lehner and Doll, 2004) mapped about half the extent reported by DOF 

(2010), and a lower extent is mapped in all types of water resources such as lakes (877 km2), reservoirs 

(493 km2) and rivers (3 151 km2). The estimate reported by DOF (2010) is very similar to the one of 

earlier reports (Gopal and Wetzel, 1995; Sinha and Mazid, 1993). The discrepancy refers to the different 

estimates of rivers and estuaries (8 539 km2 versus 10 315 km2). The estimate from DOF (2010) has been 

used for the compilation of the indicator, as the same source reports also the extent of “seasonally flooded 

areas”. 

 

14.1.2 Estimates of “seasonally flooded areas” 

 

In Bangladesh, river floodplains occupy about 55 percent of the country area, which can flood during the 

monsoon season. In an average year, about 24 000–29 000 km2 of floodplains are submerged, roughly 

from June until October (De Silva and Funge-Smith, 2005; Nagabhatla and van Brakel, 2010; Sinha and 

Mazid, 1993). As reported by Chowdhury (2010), the extent of “seasonally flooded areas” is highly 

dependent on the water depth and, consequently, the duration of the flooding considered. One of the 

largest estimates, of 71 790 km2, considers flooded areas from shallow water (30 cm) to deep water 

(300 cm). Within this range, a more restricted area considers only flooded areas from medium water 

(90 cm) to deep water (300 cm). Thus, it was assessed that an average estimate of “seasonally flooded 

areas” is 29 000 km2. The larger reported estimate has been considered for the indicator compilation 

because in recent years an increase in the extent of flooded areas has been observed (Nagabhatla and van 

Brakel, 2010).  

 

On the basis on what is reported by Chowdhury (2010), the reported figure for “seasonally flooded areas” 

(29 328 km2) is likely to cover areas with a medium to deep water level. Although Bangladesh also has 

important coastal water resources, lying at the southern extremity of the Ganges River Delta and 

bordering the Bay of Bengal, these wetland areas were not included in the amount of “seasonally flooded 

areas” considered. These coastal marshy areas are known as Sundarbans and are found at the confluence 

of the Padma, Brahmaputra and Meghna Rivers. They are shared between Bangladesh (60 percent) and 

India (40 percent) (Erwin, 2009) and contain one of the largest mangrove forests in the world; the area is 

a designated UNESCO World Heritage site (in Bangladesh with an extent of about 6 100 km2). 

 

14.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” in Bangladesh is estimated to be 39 700 km², which represents 

28 percent of the country area (143 998 km², United Nations, 2011), and “permanent inland waters” 

constitute 26 percent of the “inland water area” (Table 147). 

 

By comparison, the extent of “inland water area” recorded in the FAOSTAT country database is 

13 830 km². The FAOSTAT value is derived from the difference between “country area” and “land area” 

(FAO, 2013), which are official figures reported by the country to the FAO Statistics Department and are 

likely to include only the extent of “permanent inland waters”. 

 

The reliability of the “inland water area” and related indicators is considered high given the consistency 

among multiple data sources. Moreover, the wide estimate of “seasonally flooded areas” is expected to 

fully compensate for a potential underestimate of the river component when assessing the extent of the 

“permanent inland waters”.  

 

                                                      
26 Beels are small lakes, low-lying depressions, permanent bodies of water in a floodplain or bodies of water created by rains 

or floods. 
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Table 147: Estimates of “inland water area” and related indicators, Bangladesh 

Water resources Amount Reliability Source 

a. Permanent inland waters (km²) 

10 368  Non-GIS: DOF, 2010 

12 145  
Non-GIS: Sinha & Mazid, 1993; 

Gopal & Wetzel, 1995 

8 236  
Non-GIS: Bangladesh Bureau of 

Statistics, 2011 

4 521  GIS: Lehner & Doll, 2004 

b. Seasonally flooded areas (km²) 

29 328  Non-GIS: DOF, 2010 

28 300  
Non-GIS: De Silva & Funge-

Smith, 2005 

26 000  
Non-GIS: Nagabhatla & van 

Brakel, 2010 

24 320  Non-GIS: Sinha & Mazid, 1993 

33 211*   Non-GIS: Chowdhury, 2010 

71 790**  Non-GIS: Chowdhury, 2010 

Inland water area (km2) (a+b) 
39 700 High  

18 290  Non-GIS: FAO, 2013 

Percentage of permanent inland water 

over inland water area (%) 
26 High  

Percentage of inland water over 

country area (%) 
28 High  

Notes: Bold highlights the data used. Indicator values have been rounded. 

*Medium (90 cm) to very deep flood (300 cm); **shallow (30 cm) to very deep flood (300 cm). 

 

14.1.4 Estimates of “aquaculture pond area” and related indicators 

 

The official statistics reported to the FAO Fisheries and Aquaculture Department reported that in 2010 

the “aquaculture pond area” is about 6 053 km², of which about 50 percent has been used for shrimp 

cultivation.  

 

Table 148: Estimates of the “aquaculture pond area” and related indicators, Bangladesh 

Farmed species 
Surface 

(km²) 
Reliability Source 

a. Freshwater pond aquaculture 

Freshwater and diadromous fish  
3 592  

FAO Fisheries and Aquaculture 

Department, unpublished data, 2010 

1 510  FAO, 2005–2014 

Crustaceans 601  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2010 

Molluscs n.d.   

Other aquatic animals n.d.   

b. Brackish-water pond aquaculture 

Freshwater and diadromous fish     

Crustaceans 
1 861  

FAO Fisheries and Aquaculture 

Department, unpublished data, 2010 

2 031  FAO, 2005–2014 

Molluscs n.d.   

Other aquatic animals n.d.   

c. Unspecified pond aquaculture 

d. Estimated cage area n.d.   

Aquaculture pond area (a+b+c+d) 6 100 Medium  

Inland water area and aquaculture 

pond area 
45 800 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. n.d. = no data. 
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Similarly, in 2008–09, the Department of Fisheries of Bangladesh assessed an overall water area for 

aquaculture production of 5 284 km², which includes ponds and ditches (3 050 km²), oxbow lakes (baors) 

(55 km²) and shrimp farms (2 179 km²) (DOF, 2010). 

 

It is interesting to compare the estimates of the extent of “aquaculture pond area” reported in 2002 and in 

2010 (Table 148). In 2002, the area of freshwater aquaculture ponds was half (1 510 km²) the area 

recorded in 2010, while the extent of brackish-water ponds (2 031 km²) is similar to the extent recorded 

in 2010 (FAO, 2005–14). However, to interpret such results, more information is needed on the trend in 

shrimp culture and on the eventual recent increase in freshwater aquaculture farms. 

 

Halls et al. (2011) calculated “aquaculture pond area” required for aquaculture production in 2008 on the 

basis of estimated production intensities for different group of species (Table 149). Carp culture is 

estimated to be carried out in extensive conditions for 30 percent, in semi-intensive conditions for 

60 percent, and in intensive conditions for 10 percent of the total national aquaculture production. 

 

However, the estimated “aquaculture pond area” for carp production (1 700 km2) resulted to be half the 

total extent of “aquaculture pond area” officially reported by the country for the culture of freshwater fish 

(Table 149). 

 

The reliability of the “inland water area and aquaculture pond area” indicator is considered medium 

because of the occurrence of official statistics and the level of consistency found in the comparison with 

other data sources. 
 

Table 149: Calculated “aquaculture pond area” from estimated production intensities, Bangladesh 

Farmed species 
Estimated production in 

2008 (tonnes) 

Estimated pond area 

(km²) 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) 173 521 694 

Catfish n.d. n.d. 

Crustaceans n.d. n.d. 

Molluscs n.d. n.d. 

Other aquatic animals n.d. n.d. 

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) 385 603 907 

Catfish n.d. n.d. 

Crustaceans n.d. n.d. 

Molluscs n.d. n.d. 

Other aquatic animals n.d. n.d. 

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) 83 547 49 

Catfish n.d. n.d. 

Crustaceans n.d. n.d. 

Molluscs n.d. n.d. 

Other aquatic animals n.d. n.d. 

Estimated aquaculture pond area for a selected 

group of species (km²) (a+b+c) 
                                                 1 700 

Source: Halls et al. (2011). 

Notes: Bold highlights the data used. n.d. = no data. 
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14.1.5 Estimates of “deep rice” and “lowland cultivated areas” 

 

In Bangladesh, the area cultivated with deep rice is estimated to be between 12 200 km2 and 23 600 km2, 

according to the estimates reported respectively by Huke and Huke (1997) and by Halwart (1999). 

 

The cultivation of deep rice is quite limited, as it represents between 11 percent and 23 percent of the 

national rice crop area, which records some variability among available data sources. The national rice 

crop area reported by Huke and Huke (1997) is similar to the value (110 000 km2) recorded in the 

national agricultural statistics reported in Xiao et al. (2006) and Halwart (1999), but 40 percent higher 

than the national rice crop area detected by remote sensing by Xiao et al. (2006). This discrepancy could 

be related to the fact that substantial shares of rice cultivation are double and even triple the cropped 

areas (Xiao et al., 2006).  

 

The lowland rice cultivated area is derived by considering the national rice crop area with the exclusion 

of the upland rice cultivated area. The lowland rice cultivated area is estimated to be between 94 300 km2 

and 99 800 km2, according to the estimates reported respectively by Halwart (1999) and Huke and Huke 

(1997) (Table 150). 

 

Table 150: Estimates of “deep rice” and “lowland rice cultivated areas”, Bangladesh 

Rice crop 
Surface 

( km²) 
Reliability Source 

a. Deep rice 
12 210  Non-GIS: Huke & Huke, 1997 

23 563  Non-GIS: Halwart, 1999 

b. Upland rice 
6980  Non-GIS: Huke & Huke, 1997 

8196  Non-GIS: Halwart, 1999 

c. National rice crop area 

106 800  Non-GIS: Huke & Huke, 1997 

102 450  Non-GIS: Halwart, 1999 

110 000  Non-GIS: Xiao et al., 2006 

63 220  GIS: Xiao et al., 2006 

Deep rice cultivated area (a) 12 200–23 600 Low  

Lowland rice cultivated area (c − b)  94 300–99 800 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

The reliability of the “deep rice cultivated area” and “lowland rice cultivated area” is considered low 

given the lack of updated information and the variability among different data sources. The deep rice and 

lowland cultivated areas have been assembled to test their potential use as a proxy for, respectively, 

traditional rice-fish integrated systems and for areas potentially interested in more modern rice-fish 

integrated systems. However, the gap between the two indicators is too wide and the indicators are not 

useful in this sense.  

 

14.2 Inland fish production, Bangladesh 

 

14.2.1 Estimates of “inland capture fisheries production – quantity” 

 

The five-year averages of inland capture fisheries production are based on official data reported by the 

country (FAO, 2006−2016). The time series of these five-year averages show that fish harvests from 

inland capture fisheries have been steadily increasing (Table 151). However, the annual  fish production 

of 1 119 094 tonnes in 2010 decreased to 957 095 tonnes in 2012.  
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Table 151: Estimates of “inland capture fisheries production – quantity”, Bangladesh 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 647 185  FAO, 2006−2016 

Average 2003–2007 852 823  FAO, 2006−2016 

Average 2008–2012 1 081 978  FAO, 2006−2016 

Estimate of inland capture 

fisheries production – quantity 
1 082 000 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

It is interesting to note the increasing importance of floodplains for inland fish production.27 In fact, 

between 1984 and 1989, fish production from floodplains was contributing about 40 percent of the 

overall inland fish production. Between 1990 and 2000, catches from floodplains accounted for  

60–65 percent of the total fish production (Chowdhury and Maharjan, 2001), and reached 66–78 percent 

between 2000 and 2006 (Nagabhatla and van Brakel, 2010). In the period 2008−09, the Department of 

Fisheries (2010) reported that 80 percent of inland fish production was coming from floodplains, 

12 percent from rivers and estuaries, 7 percent from beels, and 1 percent from Kaptai Lake. 

 

On the contrary, statistics of catches from rivers and estuaries over the same time period have been 

gradually decreasing. Between 1984 and 1989, rivers and estuaries contributed about 40 percent of the 

overall fish production, decreased to 31–24 percent between 1990 and 1999 (Chowdhury and Maharjan, 

2001), and decreased even further to 23–14 percent between 2000 and 2006 (Nagabhatla and van 

Brakel, 2010). 

 

The reliability of the national “estimate of inland capture fisheries production – quantity” is considered 

medium since more information is required to confirm the reported production trend. For a correct 

interpretation, eventual discrepancies in the statistical recording procedure should be ruled out and 

potential reasons for such different trends over time should be identified. 
 

14.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

Aquaculture production is reported to be in continuous growth. The averages reported in Table 152 are 

based on official data reported by the country (FAO, 2006−2016). Thus, there is consistency in the 2009 

production recorded in the FAO database (1 064 285 tonnes/year) and the reported estimates for 2009 by 

the Department of Fisheries (1 062 801 tonnes). 

 

The official statistics reported to the FAO Fisheries and Aquaculture Department between 2008 and 2012 

showed that the national average of non-marine aquaculture production is about 1 267 800 tonnes/year 

(Table 152), which represents 54 percent of the overall inland fish production.  

 

The reliability of the “estimate of non-marine aquaculture production – quantity” is considered medium 

since more information is required to confirm the reported production trend. 

 

Table 152: Estimates of “non-marine aquaculture production – quantity”, Bangladesh 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 636 749  FAO, 2006−2016 
Average 2003–2007 859 057  FAO, 2006−2016 
Average 2008–2012 1 267 771  FAO, 2006−2016 
Estimate of non-marine aquaculture 

production – quantity 
1 267 800 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

                                                      
27  Percentages have been calculated excluding the fish yields coming from the coastal wetland area of the 

Sundarbans. 



160 

 

14.2.3 Estimates of “inland capture fisheries production – value” 

 

The inland capture fisheries production in Bangladesh is characterized by the occurrence of a relatively 

high share of hilsa shad (Tenualosa ilisha) captures, which, as a single species, provides the highest 

contribution to fish production in Bangladesh and also contributes to the overall national economy, 

employment and export. 

 

Table 153: Estimates of first-sale prices of wild caught species, Bangladesh 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and 

diadromous fish  

0.9–1.5 Ahmed et al., 2013 

1.2 WorldFish Center & UKaid, no date 

Tenualosa ilisha 

1–2 Mome, 2008 

0.9 Ahmed, 2007 

[4.2–5] Aktar et al., 2013 

Crustaceans {4–6} Ahmed, 2010 

Notes: Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, or to 

dry, smoked or salted fish (see text for details). Values in curly brackets refer to the unit price of farmed fish (see text for details). Bold highlights 

the data used. 

 

The hilsa shad is an anadromous species that is able to travel great distances upstream during the 

spawning season. This species can migrate up to 1 200 km inland through the river network. A mature 

full-grown one-year-old fish usually has a length of 35–40 cm and a weight of about 2.5 kg. When the 

eggs have hatched, larvae and juveniles start the migration downstream feeding and growing on their way 

until they eventually reach the sea. At sea, they complete their growth and reach maturity before starting 

the upstream migration again. In Bangladesh, juveniles that reach 20 cm of length and found in inland 

waters are called “jaktha” (Mome, 2008). The harvest of hilsa targets both juveniles and full-grown 

mature individuals, which are sold at different prices, about US$1/kg and US$2/kg, respectively (Mome, 

2008; Ahmed, 2007) (Table 153). 

 

Hilsa is usually considered a high-value species compared with other harvested freshwater fish species. A 

survey carried out in 2009 in an important fishing area along the old Brahmaputra River in north-central 

Bangladesh (Mymensingh District) assessed that the average price at which fishers sold their fish was 

US$1.17/kg, though prices varied from US$0.86 to US$1.48 per kg (Ahmed et al., 2013). The outcome is 

consistent with the findings of another survey on 116 government‐owned and privately‐owned inland 

waters, including beels, rivers and floodplains. This survey found that the average price at which fishers 

were selling their fish was US$1.2/kg (WorldFish Center and UKaid, no date). No specific information 

has been found for the price of captured crustaceans; therefore, the same unit price of US$4–US$6 per kg 

recorded for farmed crustaceans (Ahmed, 2010) was applied. 

 

By using the first-sale prices reported in Table 153, the “estimated value of inland capture fisheries 

production”, recording an average production of 1 082 000 tonnes/year between 2008 and 2012, is 

assessed to be between US$1.2 billion and US$2 billion per year (Table 154). 

 

Table 154: Estimates of “inland capture fisheries production – value” based on official statistics, 

Bangladesh 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and 

diadromous fish  0.9–1.5 891 681 802 513 1 337 522 

Tenualosa ilisha 1–2 106 009 106 009 212 018 

Crustaceans 4–6 84 289 337 154 505 732 

Total 1 082 000 1 245 676 2 055 271 
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14.2.4 Estimates of “non-marine aquaculture production – value” 

 

The official farmgate prices reported by the country to the FAO Fisheries and Aquaculture Department in 

2010 are used as baseline values to calculate the market value of aquaculture production in Bangladesh. 

For many aquaculture species, slightly different farmgate prices were available and published by 

Rahaman et al. (2012). These farmgate prices were derived by the authors on the basis of a survey carried 

out between 2011 and 2012 on fish markets in the city of Rajshahi (Table 155). 

 

Table 155: Estimates of farmgate prices of aquaculture species, Bangladesh 

Species  

Unit 

price 

(US$/kg) 

Source 

Freshwater and diadromous fish  1.9 FAO, 2006−2016; unit price referred to 2010  

Anabas testudineus 2.9 FAO, 2006−2016; unit price referred to 2010  

Barbonymus gonionotus 
1.3 FAO, 2006−2016; unit price referred to 2010  

1.1 Rahaman et al., 2012 

Catla catla 

1.9 FAO, 2006−2016; unit price referred to 2010 

1.2 Rahaman et al., 2012 

[2.2–2.5] Aktar et al., 2013 

Channa marulius 1.3 FAO, 2006−2016; unit price referred to 2010  

Channa punctata 
1.4 FAO, 2006−2016; unit price referred to 2010  

1 Rahaman et al., 2012 

Channa striata 
1.7 FAO, 2006−2016; unit price referred to 2010 

1.0 Rahaman et al., 2012 

Chitala chitala 
3.0 FAO, 2006−2016; unit price referred to 2010 

2.9 Rahaman et al., 2012 

Cirrhinus mrigala 
1.7 FAO, 2006−2016; unit price referred to 2010 

1.2 Rahaman et al., 2012 

Clarias batrachus 
5.5 FAO, 2006−2016; unit price referred to 2010 

4.6 Rahaman et al., 2012 

Ctenopharyngodon idellus 
1.4 FAO, 2006−2016; unit price referred to 2010 

1.1 Rahaman et al., 2012 

Cyprinidae 1.3 FAO, 2006−2016; unit price referred to 2010  

Cyprinus carpio 
1.6 FAO, 2006−2016; unit price referred to 2010  

1.1 Rahaman et al., 2012 

Heteropneustes fossilis 
3.9 FAO, 2006−2016; unit price referred to 2010 

4.6 Rahaman et al., 2012 

Hypophthalmichthys molitrix 

1.6 FAO, 2006−2016; unit price referred to 2010 

1.1 Rahaman et al., 2012 

[1.3–1.6] Aktar et al., 2013 

Labeo calbasu 
2.2 FAO, 2006−2016; unit price referred to 2010 

1.1 Rahaman et al., 2012 

 
2.3 FAO, 2006−2016; unit price referred to 2010 

Labeo rohita 1.2 Rahaman et al., 2012 

 [1.8-2.2] Aktar et al., 2013 



162 

 

Species  

Unit 

price 

(US$/kg) 

Source 

Notopterus notopterus 
2.6 FAO, 2006−2016; unit price referred to 2010 

3.0 Rahaman et al., 2012 

Oreochromis (=tilapia) spp. 

1.7 FAO, 2006−2016; unit price referred to 2010 

1.1 Rahaman et al., 2012 

[1.6–1.8] Aktar et al., 2013 

Pangasius hypophthalmus 

1.1 FAO, 2006−2016; unit price referred to 2010 

0.6 Ahmed, 2010 

[1–2] Aktar et al., 2013 

Puntius sarana 1.6 FAO, 2006−2016; unit price referred to 2010  

Puntius spp. 
1.0 FAO, 2006−2016; unit price referred to 2010  

1.9 Rahaman et al., 2012 

Wallago attu 2.7 FAO, 2006−2016; unit price referred to 2010 

Crustaceans 

Macrobrachium rosenbergii 
8.4 FAO, 2006−2016; unit price referred to 2010 

2.9 Rahaman et al., 2012 

Metapenaeus monoceros 2.2 FAO, 2006−2016; unit price referred to 2010  

Palaemonidae 3.9 FAO, 2006−2016; unit price referred to 2010  

Penaeus indicus 3.3 FAO, 2006−2016; unit price referred to 2010  

Penaeus monodon 7.3 FAO, 2006−2016; unit price referred to 2010  

Penaeus spp. 3.1 FAO, 2006−2016; unit price referred to 2010  

Notes: Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, or to 

dry, smoked or salted fish (see text for details). Indicator values have been rounded. Unit prices reported by FAO (2006−2016) refer to year 
2010. Bold highlights the data used. 

 

According to the analysis of Rahaman et al. (2012), the fresh fish trade is characterized by very long fish 

marketing channels owing to the presence of a chain of intermediaries. Ultimately, the fishers/producers 

receive, on average, about 59 percent of the price paid by the final consumer. The analysis also recorded 

a species-specific variation, as the fisher/producer’s price can be 51 percent of the final consumer’s price 

in the case of prawn species and 77 percent in the case of catfish (Rahaman et al., 2012). 

 

In Bangladesh, the fish price of Indian major carps (rohu, catla and mrigal) is usually higher than exotic 

carps (silver carp, grass carp and common carp) because consumers prefer the taste of native carp species 

and because native fish is commonly believed to be fresher, and thus sold at higher prices (Alam et al., 

2010). The difference between native Indian carps and exotic carps is also reflected in the available 

farmgate prices reported by Rahaman et al. (2012) and by FAO (2006−2016). 

 

The comparison of the official farmgate price published by FAO (2006−2016) with the retail price 

published by Aktar et al. (2013) suggests that official reported prices might slightly be overestimating the 

farmgate price for a few species, in particular in the case of Pangasius catfish (Pangus spp.) and tilapia 

(Oreochromis spp.). Differently, the rather high official farmgate price reported for the giant river prawn 

(Macrobrachium rosenbergii) is also confirmed by the farmgate price of US$7.3/kg reported by 

New (2009).  

 

By using the farmgate prices reported in Table 155, the “estimated value of non-marine aquaculture 

production”, recording an average production of 1 267 800 tonnes/year between 2008 and 2012, is 

assessed to be between US$1.9 billion and US$2.8 billion per year (Table 156). 
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Table 156: Estimates of “non-marine aquaculture production – value”, Bangladesh 

Species  

Unit 

price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

 (US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and diadromous fish  1.9 67 213 127 704 127 704 

Anabas testudineus 2.9 10 700 31 029 31 029 

Barbonymus gonionotus 1.1–1.3 21 863 24 049 28 422 

Catla catla 1.2–1.9 193 027 231 633 366 752 

Channa marulius 1.3 1 072 1 394 1 394 

Channa punctata 1–1.4 863 863 1 209 

Channa striata 1–1.7 951 951 1 617 

Chitala chitala 2.9 229 663 679 

Cirrhinus mrigala 1.2–1.7 144 837 173 805 246 224 

Clarias batrachus 4.6–5.5 3 394 15 612 18 667 

Ctenopharyngodon idellus 1.1–1.4 21 024 23 127 29 434 

Cyprinidae 1.3 14 967 19 457 19 457 

Cyprinus carpio 1.1–1.6 49 929 54 921 79 886 

Heteropneustes fossilis 4.6–3.9 3 469 13 531 15 959 

Hypophthalmichthys molitrix 1.1–1.6 170 534 187 587 272 854 

Labeo calbasu 1.1–2.2 19 757 21 733 43 466 

Labeo rohita 1.2–2.3 251 380 301 656 578 175 

Notopterus notopterus 3–2.6 722 1 877 2 166 

Oreochromis (=tilapia) spp. 1.1–1.7 53 898 59 287 91 626 

Pangasius hypophthalmus 1.1 119 945 71 967 131 939 

Puntius sarana 1.6 3 493 5 589 6 637 

Puntius spp. 1.9–1 4 312 4 312 8 194 

Wallago attu 2.7 1 006 2 716 2 716 

Crustaceans 

Macrobrachium rosenbergii 2.9–8.4 33 036 95 804 277 502 

Metapenaeus monoceros 2.2 9 544 20 996 20 996 

Palaemonidae 3.9 3 640 14 197 14 197 

Penaeus indicus 3.3 1 984 6 549 6 549 

Penaeus monodon 7.3 41 444 302 538 302 538 

Penaeus spp. 3.1 19 537 60 564 60 564 

Total  1 267 800 1 876 114 2 788 551 

 

14.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In Bangladesh, the “inland fish 

production – quantity” between 2008 and 2012 supplied, on average, 2 million tonnes per year with an 

estimated value between US$3 billion and US$5 billion (Table 157). 

 

The “aquaculture contribution to inland fish production” between 2008 and 2012 is estimated to be 

54 percent in terms of quantity and between 58 and 60 percent in terms of value.  
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The reliability of the “inland fish production” and the “aquaculture contribution to inland fish 

production”, both assessed in terms of quantity and value, is considered high on the basis of available 

information on fish production and fish unit prices. 

 

Table 157: Estimates of “inland fish production” in quantity and value and related indicators, 

Bangladesh 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest  

estimate 

a. Inland capture fisheries 

production  
1 082 000 n.a. 1 245 676 2 055 271 Table 151, Table 154 

b. Aquaculture production 1 267 800 n.a. 1 876 114 2 788 551 Table 152, Table 156 

Inland fish production (a+b) 2 349 800 n.a. 3 121 790 4 843 822  

Aquaculture contribution to 

inland fish production (%) 

[b/(a+b)] × 100 

54 n.a.  60 58  

Notes: Where the indicator is composed of only one value, the value appears in the lowest estimate column. n.a. = not applicable. 

 

14.3 Fish-water productivity, Bangladesh 

 

14.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In Bangladesh, the annual “fish-water productivity – quantity” is 

estimated to be about 513 kg/ha (Table 158) and its reliability is considered high. 

 

Table 158: Estimates of “fish-water productivity – quantity”, Bangladesh 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production (tonnes) 1 082 000  Table 151 

b. National estimate of aquaculture production (tonnes) 1 267 800  Table 152 

Water resources 

c. Inland water area (km2) 39 700  Table 147 

d. Aquaculture pond area (km2) 6 100  Table 148 

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 513 High  

 

The estimated value “fish-water productivity – quantity”  is within the range of fish-water productivity 

recorded in natural floodplains (215–618 kg/ha) (Table 159), but also within the same order of magnitude 

of fish-water productivity of extensive aquaculture (410–770 kg/ha) and oxbow lakes (780 kg/ha) 

(Table 160). 

 

The value of the “fish-water productivity – quantity” mostly reflects the fish-water productivity from 

inland capture fisheries rather than common fish-water productivity from aquaculture production. Carps 

are the most important species for pond culture in Bangladesh. A survey carried out in the Noakali 

district among 50 farmers revealed that the three major Indian carps of rohu (Labeo rohita), catla (Catla 

catla), mrigal (Cirrhinus cirrhosus) and one exotic carp (Hypophthalmichthys molitrix) accounted for 

about 80 percent of the farmer’s pond production (Rahaman et al., 2012). Among interviewed farmers, 

the average fish-water productivity was 8 269 kg/ha with differences in species-specific culture. The 

recorded high fish-water productivity is due to a combination of factors, including modern technology, a 

favourable socio-economic setting and improved management practices (Rahaman et al., 2012). 
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Table 159: Local-level estimate of fish-water productivity by types of water resource, Bangladesh 

Lake 

(kg of fish/ha 

of water) 

Reservoir 

(kg of fish/ha 

of water) 

River 

(kg of fish/ha 

of water) 

Floodplain 

(kg of fish/ha 

of water) 

Rice paddy 

(kg of fish/ha 

of water) 

Source 

n.d. 125 162 310 n.d. DOF, 2010 

n.d. n.d. n.d. 215–618* n.d. 
Nabhatla & van 

Brakel, 2010 

n.d. 679 n.d. 290* n.d. De Silva, 2010 

n.d. n.d. n.d. 280 n.d. 
Rahaman et al., 

2012 

n.d. n.d. n.d. 211 n.d. de Graaf et al., 2001 

n.d. n.d. n.d. n.d. 

345* 

Dike-rice fields and 

stockings 

Joffre et al., 2013 

* Values refer to conditions in which enhancements are used. 

Notes: n.d. = no data. 

 

Table 160: Local-level estimate of fish-water productivity by type of aquaculture system, 

Bangladesh 

Farmed species 
Fish-water 

productivity (kg/ha) 
Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

- Catla 539 Rahaman et al., 2012 

- Pangus 771 Rahaman et al., 2012 

- Pangus 771 Rahaman et al., 2012 

- Rohu 411 Rahaman et al., 2012 

Catfish n.d.  

Crustaceans 668 DOF, 2010 

Molluscs n.d.  

Other aquatic animals n.d.  

- Coastal aquaculture  565 FAO, 2005–2014 

b. Semi-intensive aquaculture 

Freshwater and diadromous fish  n.d.  

- Piranha (Pygocentrus nattereri) 2 189 Rahaman et al., 2012 

- Aier (Sperata aor) 1 214 Rahaman et al., 2012 

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish  n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

d. Unspecified cultured species n.d. Rahaman et al., 2012 

Aquaculture in ponds and ditches 
n.d. DOF, 2010 

n.d. FAO, 2005–2014 

Aquaculture in oxbow lakes 
918 DOF, 2010 

780 FAO, 2005–2014 
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14.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in 

Bangladesh varies between US$682 and US$1 058 (Table 161). 

 

The reliability of the indicator is considered high by considering the quality of data available for its 

compilation and the degree of coherence among available data sources. 

 

Table 161: Estimate of “fish-water productivity – value”, Bangladesh 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
1 245 676–2 055 271 

 
Table 151 

b. National estimate of aquaculture production (US$1 000) 1 876 114–2 780 889  Table 156 

Water resources 

c. Inland water area (km2) 39 700  Table 147 

d. Aquaculture pond area (km2) 6 100  Table 148 

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 682–1 058 High  

 
14.4 Employment and livelihood, Bangladesh 

 

14.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2012, official figures reported by Bangladesh to the FAO Fisheries and Aquaculture Department 

accounted for 1 196 000 inland fishers and 3 080 000 aquaculture farmers in the country (Table 162). 

While the number of aquaculture farmers has been reported only recently (since 2006), the same figure – 

for the number of inland fishers – continues to be reported since 1987. Clearly, the reported figures may 

be currently outdated, as the labour force survey between 2000 and 2003 showed that employment in the 

fisheries sector increased by 19 percent per annum (Dey et al., 2008).  

 

The reported number of inland fishers (1 196 00 people) is lower than both the median 

(2 794 900 people) and the maximum (5 480 900 people) number of inland fishers expected in 

Bangladesh on the basis of the extent of water resources in the country and the average densities of inland 

fishers recorded in Asia in different types of water resources (see section 14.4.2). Considering the high 

population density in the country, the number of inland fishers is likely to be greater than the average 

number of fishers which can be found in Asian countries. 

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” is 

4 276 000 people, which divided by the “inland water area and aquaculture pond area: (45 800 km², Table 

148), gives an “average density of overall inland fishers and aquaculture farmers” of 93 people/km². 

 

The reliability of these two social indicators is considered low since the official statistics related to the 

number of inland fishers and aquaculture farmers are outdated and there are indications of a likely 

underestimation.  
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Table 162: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Bangladesh 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 1 196 000  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2011 

b. Number of aquaculture farmers (people) 3 080 000  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2011 

c. Inland water area (km2) 39 700  Table 147 

d. Aquaculture pond area (km2) 6 100  Table 148 

Overall number of inland fishers and aquaculture 

farmers (people) (a+b) 
4 276 000 Low  

Average density of overall inland fishers and 

aquaculture farmers (people/km²) [(a+b)/(c+d)] 
93 Low  

Note: Indicator values have been rounded. 

 

14.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 

 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by lakes, reservoirs, stocked reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Asia, as reported by FAO 

(1995). In the case of Bangladesh, the “calculated number of inland fishers based on the extent of 

different types of inland waters” is estimated to be between 2 795 000 and 5 481 000 people (Table 163). 

 

The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the analysed 

country.  

 

Table 163: Calculated number of inland fishers by type of water resource, Bangladesh 

Inland waters 

Computed 

theoretical number 

of fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Asia* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Asia*  

(people/km2) 

(c) 

Coastal lagoons n.a.  n.d. 19.5 83.3 

Lakes 2 270–29 790  688 3.3 43.3 

Reservoirs 6 509–25 467  1 142 2.4 19 

Flooded areas 2 786 160–5 425 680  29 328 95 185 

Calculated number 

of inland fishers 

based on the extent 

of different types of 

inland waters 

2 795 000–5 481 000 Low  

*Source: FAO (1995). 

Notes: Indicator values have been rounded. n.a. = not applicable; n.d.= no data. 
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14.5 Protein supply, Bangladesh 

 

14.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 

 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production. In Bangladesh, the annual 

average “fish protein supplied by inland fish production” is estimated to be about 253 000 tonnes of 

proteins. The national average “fish-protein water productivity”, measured in kg/ha, is obtained by 

dividing the “fish protein supplied by inland fish production” by the extent of “inland water area and 

aquaculture pond area”. The resulting “fish-protein water productivity” indicator expresses the average 

content of fish proteins provided by one hectare of water area available to the inland fisheries sector, 

which in Bangladesh is estimated to be about 55 kg/ha (Table 164).  

 

Table 164: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Bangladesh 

Variable 

Proteins supplied 

by inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Amount Reliability Source 

a. Freshwater and 

diadromous fish  
108 748 126 286 235 034 

   FAO, 2006−2016 

b. Crustaceans 7 839 10 154 17 993     

c. Molluscs n.d. n.d. n.d.     

d. Other aquatic animals n.d. n.d. n.d.     

e. Proteins calculated from 

official production figures 

in 2008–2012 (tonnes) 

(a+b+c+d) 

116 600 136 400 253 000 

 

  

f. Proteins calculated from 

non-official production 

estimate (tonnes) 

n.d. n.d. 

  
Fish protein supplied by inland fish production (tonnes) (e; f) 253 000 Medium  

g. Inland water area (km2) 39 700   Table 147 

h. Aquaculture pond area (km2) 6 100   Table 148 

Fish-protein water productivity (kg/ha) 

 [(e)/(g+h)×10] – [(f)/(g+h)×10] 
55 Medium 

  

Notes: Indicator values have been rounded. n.d. = no data. 

 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered medium because of the existing information on the composition of 

inland capture fisheries and aquaculture production in two groups out of four of species considered. 
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15. CAMBODIA 

 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

Cambodia. Table 165 provides an overview of all the values of the compiled indicators. 

 

Table 165: Summary of water-related indicators, Cambodia 

National-level indicator Amount 
Description 

in section 

Inland water area (km²) 22 100 15.1 

Percentage of inland water over country area (%) 12 15.1 

Percentage of permanent inland water over inland water area (%) 22 15.1 

Inland water area and aquaculture pond area (km²) 22 100 15.1 

Deep rice cultivated area (km2) 1 500–8 000 15.1 

Lowland rice cultivated area (km2) 18 700–18 800 15.1 

Inland fish production – quantity (tonnes) 467 800–76 900 15.2 

Inland fish production – value (US$1 000) 302 276–2 064 005 15.2 

Aquaculture contribution to inland fish production – quantity (%) 7–12 15.2 

Aquaculture contribution to inland fish production – value (%) 3–31 15.2 

Fish-water productivity – quantity (kg/ha) 212–345 15.3 

Fish-water productivity – value (US$/ha) 137–934 15.3 

Overall number of inland fishers and aquaculture farmers (people) 774 200–853 000 15.4 

Calculated number of inland fishers based on the extent of different 

types of inland waters (people) 
1 698 000–3 453 000 15.4 

Average density of overall inland fishers and aquaculture farmers 

(people/km²) 
35–39 15.4 

Fish protein supplied by inland fish production (tonnes) 51 000–83 000 15.5 

Fish protein-water productivity (kg/ha) 23–38 15.5 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 

15.1 Water availability, Cambodia 

 

15.1.1 Estimates of “permanent inland waters” 

 

Cambodia is characterized by the occurrence of the Tonlé Sap system, also known as the Great Lake, 

which is constituted by the Tonlé Sap Lake with an extent of about 2 500 km2 during the dry season, and 

by the Tonlé Sap channel, which runs for 120 km and connects the lake to the Mekong River (Arias  

et al., 2011). 

 

The size of the Tonlé Sap Lake varies between approximately 160 km long and 35 km wide during the 

dry season and 250 km long and almost 100 km wide during the wet season (Keskinen, 2006). Thus, in 

this report, the surface of the Tonlé Sap Lake during the dry season is considered within the permanent 
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water resources, while the additional seasonal expansion of the lake that occurs during the monsoon 

season is considered within the “seasonally flooded areas”. 

 

The Cambodia Land Cover Atlas of 1992–93 reports an extent of 4 876 km2 of inland waters (Mekong 

River Commission, 1994). This figure is similar to the extent of “permanent inland waters” (4 622 km2) 

mapped in the GLWD (Lehner and Doll, 2004), which includes 3 233 km2 of lakes (including 2 570 km2 

of Tonlé Sap Lake during the dry season) and 1 389 km2 of rivers. 

 

The larger estimate reported by the Cambodia Land Cover Atlas of 1992–93 was used as an estimate of 

“permanent inland waters” in the country, considering also the range of variations reported by Ahmed, 

Tana and Thuok (1996). 

 

15.1.2 Estimates of “seasonally flooded areas” 

 

In Cambodia, the most significant flooded areas are found along the lower Mekong River (468 km) and 

its associated floodplain surroundings: Tonlé Sap Lake, along the Stung Sen River (about 3 000 km2) and 

the coastal estuaries of Stung Koh Pao and Stung Kep River (Vathana, 2003). 

 

Different data sources report estimates of the size variation of Tonlé Sap Lake (Table 166). During the 

monsoon season (April–October), the water level of the Mekong River rises so fast that part of the water 

flow runs into the Tonlé Sap channel, causing the river to reverse its flow back towards Tonlé Sap Lake. 

As the lake loses its only outlet, the excess water inundates the surrounding area. In October-November, 

the flow of the Tonlé Sap channel reverses again and starts emptying back both the Tonlé Sap Lake and 

inundated surrounding areas into the Mekong River (Frappart et al., 2006; Keskinen, 2006). The flooded 

areas that extend beyond the open water surface of Tonlé Sap Lake during the dry season ranges between 

7 500 and 12 500 km2 ( 

Table 166).  

 

Thus, considering also the flooded areas occurring in the south between the Bassac and the Mekong 

Rivers, as well as the flooded areas around the Stung Sen River, the flooded extent reported in the 

Cambodia Land Cover Atlas of 1992–93 is considered to be a comprehensive available estimate for 

the country. 

 

It should be noted that this estimate (17 209 km2) does not include the extent of the floodplain areas, 

which are cultivated with rice, as this figure is assessed separately.  

 

15.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” is estimated to be 22 085 km². “Inland water area” represents 

12 percent of the entire country area (181 035 km², United Nations, 2011) and “permanent inland waters” 

constitute 22 percent of “inland water area” (Table 166). 

 

By comparison, the extent of “inland water area” recorded in the FAOSTAT country database is 

4 520 km² and accounts only for “permanent inland waters”. The FAOSTAT value is derived from the 

difference between “country area” and “land area” (FAO, 2005), which are official figures reported by 

the country to the FAO Statistics Department. 

 

The reliability of the “inland water area” and related indicators is considered high given the consistency 

among multiple data sources and the available information on the seasonal variation of the Tonlé 

Sap System.  

 

 

 

 

 



174 

 

 

 

Table 166: Estimates of “inland water area” and related indicators, Cambodia 

Water resources Amount Reliability Source 

a. Permanent inland waters (km²) 

4 876  
Non-GIS: Mekong River 

Commission, 1994 

4 622  GIS: Lehner & Doll, 2004 

4 111–5 671  
Non-GIS: Ahmed, Tana & Thuok, 

1996 

b. Seasonally flooded areas (km²) 
17 209  

Non-GIS: Mekong River 

Commission, 1994 

3 722  GIS: ESA, 2010 

Regional estimates 

Tonlé Sap size variation between dry and 

wet season (km²) 

2 600–15 000  

Non-GIS: Arias et al., 2011; 

Lamberts, 2008; McKenney & Tola, 

2002 

3 500–14 500  Non-GIS: Kummu, 2003 

2 500–10 000  
Non-GIS: Lamberts, 2008; 

McKenney & Tola, 2002 

Inland water area (km²) (a+b) 
22 100 High  

4 520  Non-GIS: FAO, 2005 

Percentage of permanent inland water 

over inland water area (%) 
22 High  

Percentage of inland water over country 

area (%) 
12 High  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

15.1.4 Estimates of “aquaculture pond area” and related indicators 

 

The official estimate of the extent of “aquaculture pond area” reported by the country to the FAO 

Fisheries and Aquaculture Department includes 10 km2 of “aquaculture pond area” and less than 1 km2 of 

cages (Table 167). In 2009, the number of aquaculture ponds was estimated to be 56 234. Despite the 

large number of ponds, their contribution to the overall inland fisheries production is quite limited as 

these aquaculture ponds usually have low productivity and are managed with low inputs (Joffre et al., 

2013). 

 

Further, the inventory of ponds and particularly of cages can be difficult to carry out. In Cambodia, 

floating cages are very popular as a traditional method for fattening fish. Cages are convenient for 

growing fish to market size and transporting to markets. They have a rectangular shape (depth usually 

below 3 metres) and are made of split bamboo and timber, while flotation is provided by bamboo bundles 

(FAO, 1995a). 

 

In 2004, it was estimated that there were 4 492 cages mostly located in the Mekong Basin within 

Cambodia, in particular in Tonlé Sap Lake (42 percent), in Tonlé Sap channel (17 percent), in the upper 

stretch of the Mekong River (19 percent), in the lower stretch of the Mekong River (14 percent), and in 

the Bassac River (7 percent) (So et al., 2005). 

 

The most common species cultured in cages is the snakehead (Channa striata), whose production 

represents 75 percent of the total cage aquaculture production. Even though farming of snakeheads was 

banned in 2005, illegal fish farming and trade is still ongoing due to its high demand, which results in 

higher profits compared with other aquaculture species (Nam and Narith, 2011). 

 

 

 



175 

 

 
 

Table 167: Estimates of the “aquaculture pond area” and related indicators, Cambodia 

Farmed species 
Surface 

(km²) 
Reliability Source 

a. Freshwater pond aquaculture 

Freshwater and diadromous fish  10  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2009 

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

b. Brackish-water pond aquaculture 

Freshwater and diadromous fish  n.d.   

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

c. Unspecified pond aquaculture 

d. Estimated cage area n.d.   

Aquaculture pond area (a+b+c+d) << 100 Low  

Inland water area and aquaculture pond area 22 100 Low  

Notes: Bold highlights the data used. The reported value of the “aquaculture pond area” is very low and less than 100 km2, and thus it does not 

significantly contribute to the indicator value. 

n.d. = no data. 
 

15.1.5 Estimates of “deep rice” and “lowland cultivated areas” 

 

In Cambodia, the area cultivated with deep rice is estimated to be between 1 500 km2 and 8 000 km2, 

according to the estimates reported, respectively, by Huke and Huke (1997) and by Halwart (1999). 

 

The estimate of deep rice cultivation is quite variable, as it represents between 8 percent and 42 percent 

of the national rice crop area, which also records some variability among available data sources. In 

particular, the figure (19 000 km2) reported by Huke and Huke (1997) is similar to the value (19 950 km2) 

recorded in the national agricultural statistics reported in Xiao et al. (2006); however, these two figures 

are 30 percent lower than the rice area (26 900 km2) mapped in the Cambodia Land Cover Atlas of  

1992–93, and 53 percent lower than the national rice crop area detected by remote sensing by Xiao et al. 

(2006). Xiao et al. (2006) argued that the large discrepancy between the official figure reported in the 

national agricultural statistics and the extent of rice fields (42 400 km2) detected through their study 

might be caused by an underreporting of the rice cultivation area to statistical national offices. 

 

In Cambodia, the majority of the rice cultivation is grown around Tonlé Sap Lake and in the lower 

reaches of the Mekong River; thus, a relatively high percentage (42 percent) of deep rice crops is likely to 

be recorded in the country. Torell, Salamanca and Ratner (2004) cautioned that the statistics of inland 

capture fisheries production can vary greatly if catch from rice-fish crops is included within the national 

fish production. In fact, between 1999 and 2000, the output of rice field fisheries contributed about 

19 percent to the total national fish production (Torell, Salamanca and Ratner, 2004).  

 

The lowland rice cultivated area is derived by considering the national rice crop area with the exclusion 

of the upland rice cultivated area. The lowland rice cultivated area is estimated to be between 18 700 km2 

and 18 800 km2, according to the estimates reported, respectively, by Huke and Huke (1997) by Halwart 

(1999) (Table 168). 

 

The reliability of the “deep rice cultivated area” and “lowland rice cultivated area” is considered low 

given the lack of updated information and the variability among different data sources used for 

their estimation. The deep rice and lowland cultivated areas have been assembled to test their potential 

use as a proxy for, respectively, traditional rice-fish integrated systems and for areas potentially interested 



176 

 

in more modern rice-fish integrated systems. However, the gap between the two indicators is too wide 

and the indicators are not useful in this sense.  
 

Table 168: Estimates of “deep rice” and “lowland rice cultivated areas”, Cambodia 

Rice crop Surface (km²) Reliability Source 

a. Deep rice 
1 520  Non-GIS: Huke & Huke, 1997 

8 022  Non-GIS: Halwart, 1999 

b. Upland rice 
240  Non-GIS: Huke & Huke, 1997 

382  Non-GIS: Halwart, 1999 

c. National rice crop area  

19 000  Non-GIS: Huke & Huke, 1997 

19 100  Non-GIS: Halwart, 1999 

19 950  Non-GIS: Xiao et al., 2006 

26 863 
 GIS: Mekong River Commission, 

1994 

42 420  GIS: Xiao et al., 2006 

Deep rice cultivated area (a) 1 500–8 000 Low  

Lowland rice cultivated area (c − b) 18 700–18 800 Low  

Note: Bold highlights the data used. Indicator values have been rounded. 

 

15.2 Inland fish production, Cambodia 

 

15.2.1 Estimates of “inland capture fisheries production – quantity” 

 

The five-year averages reported in Table 169 are based on official data reported by the country (FAO, 

2006–2016). 

 

Table 169: Estimates of “inland capture fisheries production – quantity”, Cambodia 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 259 520  FAO, 2006−2016 

Average 2003–2007 339 950  FAO, 2006−2016 
Average 2008–2012 410 800  FAO, 2006−2016 
Inland capture fisheries 

production in 1994–1997 
289 000–431 000  

van Zalinge et. al., 2000; 

Coates, 2002 

Inland capture fisheries 

production in 2000 
704 900  van Zalinge et. al., 2004 

Regional estimates 

Annual production of Tonlé Sap 

system 
235 000  van Zalinge, 2002 

Annual production of Tonlé Sap 

system 
75 862–94 737  Lamberts, 2006 

Annual production of Tonlé Sap 

system 
179 500–246 000  Lieng & van Zalinge, 2001 

Estimate of inland capture 

fisheries production – quantity 
410 800–704 900 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

There is a striking difference between the official statistics reported until 1998 and those reported from 

1999, in which a fish harvest of 231 000 tonnes is accounted for. This trend is due to the fact that until 

1998 the Department of Fisheries of Cambodia estimated the national fish production to be between 

50 000 and 76 000 tonnes/year. However, these estimates did not include the contribution of artisanal 

small-scale fish production and underreported the production from commercial fisheries, as only the 

inland fish production for 13 provinces including Phnom Penh was considered. These statistics were 

mostly based on expected figures of catch production rather than actual catches (van Zalinge et al., 2000). 

A different estimate for the years 1994–97 has been provided by van Zalinge et al. (2000) based on 

expert assessment and that considers different survey data, including the Project for the Management of 
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Freshwater Capture Fisheries of Cambodia (MRC/DOF/Danida), the socio-economic household survey 

carried out by Ahmed, Tana and Thuok (1996), and the rice fish production by Gregory (1997) 

(Table 169). 

 

After providing the estimate for the period 1994–97, van Zalinge et al. (2004) provided an updated 

estimate of national fish production of about 704 900 tonnes for the year 2000, which estimated a fish 

harvest of 682 150 tonnes from inland capture fisheries and 22 750 tonnes from reservoirs. As a 

comparison for the year 2000, official statistics of inland capture fisheries production totalled 

245 600 tonnes (FAO, 2006–2016). 

 

The three main fishing zones in Cambodia are constituted by the Great Lake and the Tonlé Sap River 

zone, the Mekong and the Tonlé Bassac River zone, and the upper Mekong River zone, including the 

provinces of Kratie and Stung Treng (McKenney and Tola, 2002). Usually, the fish production from the 

Tonlé Sap zone is estimated to be about 50–60 percent of the national overall inland commercial 

fish production. 

 

According to the survey carried out in 1997–98 and reported in Lamberts (2006), the fish production 

from the Tonlé Sap system was assessed to be from 75 862 to 94 737 tonnes. This fish production 

included fish extracted from fishing lots in Tonlé Sap Lake and the surrounding floodplains, fish from 

Tonlé Sap River, and fish from rice-field fisheries. The survey was limited and incomplete, and the 

outcome mainly reflected information on fisheries with a record system, such as an auction of fishing 

rights, and licences for fishing gear and for fishing grounds (Lamberts, 2006). An estimated amount of 

annual fish catch from the Tonlé Sap system outlined an indicative production of 235 000 tonnes/year 

(van Zalinge, 2002), which is in the reported range of 179 500 and 246 000 tonnes/year (Lieng and van 

Zalinge, 2001). However, even these latter estimates by Lieng and van Zalinge (2001) and van Zalinge, 

(2002) are mostly based on outdated household fish consumption of 1998 (Lamberts, 2006). 

 

The reliability of the national “estimate of inland capture fisheries production – quantity” is considered 

low because of the existing divergence between the official and non-official estimates on inland capture 

fisheries production. 

 

15.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

The official statistics reported to the FAO Fisheries and Aquaculture Department between 2008 and 2012 

showed that the national average of non-marine aquaculture production is about 57 000 tonnes/year. The 

average annual production between 2008 and 2012 has doubled compared with the previous five-year 

periods (Table 170).  

 

Joffre et al. (2013) reported official statistics of aquaculture production in 2008 of 39 000 tonnes/year 

against a government’s target of 180 000 tonnes of aquaculture production by 2020. They also reported 

that between 70 and 80 percent of aquaculture production comes from cage culture.  

 

The reliability of the “estimate of non-marine aquaculture production– quantity”  is considered medium 

since more information is required to confirm the reported production trend. 

 

Table 170: Estimates of “non-marine aquaculture production – quantity”, Cambodia 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 14 426  FAO, 2006−2016 

Average 2003–2007 26 927  FAO, 2006−2016 

Average 2008–2012 57 014  FAO, 2006−2016 

Estimate of non-marine 

aquaculture production – quantity 
57 000 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 
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15.2.3 Estimates of “inland capture fisheries production – value” 

 

The unit prices of wild caught species retrieved in the literature are reported in Table 171. Before 2005, 

first-sale prices in the whole Mekong River Basin were reported to be between US$0.7 and 

US$1.2 per kg (Bush, 2004; Sverdrup-Jensen, 2002). In a similar time period, the retail price of fish in 

Cambodia was reported to be relatively high, with prices ranging between US$1.2 and US$2.2 per kg 

(Nuov, 1999; Rab et al., 2006). In particular, Nuov (1999) reported that at the local market in Banlung 

chunks of big fish sold at a retail price of US$1.5–US$2.2 per kg and were more expensive than beef and 

slightly cheaper than chicken, which sold at a retail price of US$2.5/kg; the retail price of small-sized fish 

was about US$1.2/kg. 

 

Table 171: Estimates of first-sale prices of wild caught species, Cambodia 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period 

of 2008−12. Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, 
or to dry, smoked or salted fish (see text for details). Bold highlights the data used.  

 

More recent evaluations assessed that in the whole Mekong River Basin the first-sale price of fish could 

be considered to be between US$1 and US$1.9 per kg (Barlow, 2008; Hortle, 2009). The lower value of 

this range is also close to the first-sale price of US$0.9/kg reported by the Southeast Asian Fisheries 

Development Center (SEAFDEC) in 2008. 

 

A recent study of value chain analysis of key fish species in Cambodia included four species with high 

commercial value – snakeheads (Channa spp.), Pangasius catfish (Pangasius spp.), croaker (Boesemania 

microlepis), Reddish, also known as Trey Kes (Micronema apogon spp.) – and one low-value fish, 

Henicorhynchus (Henicorhynchus spp.), which constitutes one of the major sources of protein for fishers 

and is mostly used as a staple food in Cambodia and in other Mekong countries (Navy et al., 2012). 

 

The study reported both the retail prices and first-sale prices and recorded significant variation among 

analysed species. The authors pointed out that the traded quantity of fish from 2005 to 2011 has been 

decreasing for all five studied species, but at different species-specific rates. At the same time, the prices 

of all five studied species have been dramatically increasing. In fact, from 2005 to 2010, the first-sale 

Species 
Unit price 

(US$/kg) 
Source 

Freshwater and 

diadromous fish nei 

0.5–2.8 Estimated in this report 

[0.4–3]  Johnstone et al., 2013 

1.6 IFReDI, 2013 

0.9 SEAFDEC, 2011 

1.0–1.9* Hortle, 2009 

1.9* Barlow et al., 2008 

[(2.2)] Rab et al., 2006 

[(1.2–2.2)] Nuov, 1999 

[(1.1)] Bush, 2004 

(0.7) Sverdrup-Jensen, 2002 

Boesemania microlepis 
2.5  Navy et al., 2012 

[3.1] Navy et al., 2012 

Channa spp. 
2.8 Navy et al., 2012 

[3.6] Navy et al., 2012 

Henicorhynchus spp. 
0.4 Navy et al., 2012 

[0.7] Navy et al., 2012 

Micronema apogon spp. 
5.9 Navy et al., 2012 

[6.9] Navy et al., 2012 

Pangasius spp. 
1.4 Navy et al., 2012 

[1.9] Navy et al., 2012 

Crustaceans 
5–10 Estimated in this report 

(5–10) SEAFDEC, 2011 

Macrobrachium rosenbergii (5–10) Pengbun, Sinath & Hortle, 2005 
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price of Pangasius has gone from US$0.8 to US$1.4 per kg, and from US$0.8 to US$2.5 for croaker 

(Boesemania microlepis); higher value species such as snakeheads (Channa spp.) has increased from 

US$1.2 to US$2.8 per kg and Trey Kes from US$1.4 to US$5.9 per kg. The price increase has also 

affected the first-sale price of Henicorhynchus, which has changed from US$0.1 to US$0.4 per kg (Navy 

et al., 2012). On the basis of this information, a conservative variation between US$0.5 and 

US$2.8 per kg is used to estimate the market value of the inland capture fisheries production (Table 172). 

 

By using the first-sale prices reported in Table 171, the “estimated value of inland capture fisheries 

production”, recording an average production of 410 800 tonnes/year between 2008 and 2012, is assessed 

to be between US$207 billion and US$1.1 billion per year (Table 172). 
 

Table 172: Estimates of “inland capture fisheries production – value” based on official statistics, 

Cambodia 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

 (US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and diadromous 

fish  
0.5–2.8 410 360 205 180 1 149 008 

Crustaceans 5–10 440 2 200 4 400 

Total 410 800 207 380 1 153 408 

 

The alternative estimate of inland capture fisheries production of 704 900 reported by van Zalinge et al. 

(2004) is valued using the estimates of US$0.5–US$2.8 per kg of first-sale price for fish and  

US$5–US$10 per kg for crustaceans, and considers the breakdown in species composition reported in 

Table 172, showing that 99.9 percent is for fish and 0.1 percent is for crustaceans. Consequently, the 

inland capture fisheries production of 704 900 tonnes/year is estimated to have an average value between 

US$356 billion and US$2 billion per year (Table 173).  

 

By considering both official and non-official fish production figures, the “estimated value of inland 

capture fisheries production” in Cambodia spans between US$207 billion and US$2 billion per year. 
 

Table 173: Estimates of “inland capture fisheries production – value” based on non-official figures, 

Cambodia 

Species  
Unit price 

(US$/kg) 

Reported production 

by 

van Zalinge et al., 2004 

Value using 

lowest unit 

price 

 (US$1 000) 

Value using lowest 

unit price 

(US$1 000) 

Freshwater and 

diadromous fish  
0.5–2.8 704 195 352 098 1 971 746 

Crustaceans 5–10 705 3 525 35 245 

Total 704 900 355 622 2 006 991 

 

15.2.4 Estimates of “non-marine aquaculture production – value” 

 

Official statistics of aquaculture production in Cambodia do not include data on farmgate prices, but 

some prices have been published by the Southeast Asian Fisheries Development Center (SEAFDEC, 

2011). In the retrieved literature, for the fish prices of wild caught fish species in Cambodia, there is an 

increasing trend in the prices of aquaculture fish species. Earlier estimates for the whole Mekong River 

Basin suggested a farmgate price of US$1/kg (Sverdrup-Jensen, 2002), and more specifically in 

Cambodia of US$1.2/kg (Phillips, 2002) (Table 174). In 2008, the average price of aquaculture species in 

Cambodia was reported to be US$1.5/kg. In fact, US$1.5/kg was also the price reported in 2008 for most 

species farmed in the country, including common carp (Carpius cyprio), grass carp (Ctenopharyngodon 

idellus), bighead carp (Hypophthalmichthys nobilis), hoven’s carp (Leptobarbus hoeveni), silver barb 

(Barnonymus gonionotus), catla (Catla catla), torpedo catfish (Clarias spp.), and tilapia (Oreochromis 
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spp.). A higher farmgate price of US$2.5/kg was reported for snakehead (Channa spp.), US$2/kg for 

climbing perch (Anabas testudineus), US$10/kg for giant river prawn (Macrobrachium rosenbergii), and  

US$5/kg for shrimp (Penaeus spp.) and Indo-Pacific swamp crab (Scylla serrata).  

 

Slightly different farmgate prices were reported by Camber (2008) for a few farmed species. Therefore, 

both sources were used to calculate the “estimated value of non-marine aquaculture production” 

in Cambodia. 

 

Table 174: Estimates of farmgate prices of aquaculture species, Cambodia 

Species  

Unit 

price 

(US$/kg) 

Source 

Freshwater and 

diadromous fish  

1.5 SEAFDEC, 2011 

(1.2) Phillips, 2002 

(1.05) Sverdrup-Jensen, 2002 

Anabas testudineus 2 SEAFDEC, 2011 

Barbonymus gonionotus 
1.6 Camber, 2008 

1.5 SEAFDEC, 2011 

Channa striata 2.5 SEAFDEC, 2011 

Clarias spp. 
1.5 SEAFDEC, 2011 

1.4 Camber, 2008 

Ctenopharyngodon idellus 1.5 SEAFDEC, 2011 

Cyprinidae 1.5 SEAFDEC, 2011 

Cyprinus carpio 
1.5 SEAFDEC, 2011 

1.2 Camber, 2008 

Hypophthalmichthys 

molitrix 

2 Camber, 2008 

1.5 SEAFDEC, 2011 

Hypophthalmichthys 

nobilis 

2 Camber, 2008 

1.5 SEAFDEC, 2011 

Leptobarbus hoeveni 
2 Camber, 2008 

1.5 SEAFDEC, 2011 

Monopterus albus 1.5 SEAFDEC, 2011 

Oreochromis niloticus 
1.5 SEAFDEC, 2011 

1 Camber, 2008 

Pangasius spp. 
1.5 SEAFDEC, 2011 

0.9–1.2 Camber, 2008 

Trichogaster pectoralis 1.5 SEAFDEC, 2011 

Crustaceans 

Macrobrachium 

rosenbergii 10 
SEAFDEC, 2011 

Penaeus spp. 5 SEAFDEC, 2011 

Scylla serrata 5 SEAFDEC, 2011 

Other aquatic animals 

Rana spp. 1.5 SEAFDEC, 2011 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period of 

2008−12. Bold highlights the data used.  
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Table 175: Estimates of “non-marine aquaculture production – value”, Cambodia 

Species  

Unit 

price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

 (US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Anabas testudineus 1.6–2 710 1 136 1 420 

Barbonymus gonionotus 1.5–1.6 10 370 15 555 16 592 

Channa striata 1.5–2.5 6 020 9 030 15 050 

Clarias spp. 1.4–1.5 1 640 2 296 2 460 

Ctenopharyngodon idellus 1.5 144 216 216 

Cyprinidae 1.5 5 487 8 231 8 231 

Cyprinus carpio 1.2–1.5 1 376 16 512 2 064 

Hypophthalmichthys molitrix 1.5–2 144 216 288 

Hypophthalmichthys nobilis 1.5–2 80 120 160 

Leptobarbus hoeveni 1.5–2 1 490 2 235 2 980 

Monopterus albus 1.5 40 60 60 

Oreochromis niloticus 1–1.5 1 680 1 680 2 520 

Pangasius spp. 0.9–1.5 21 530 19 377 32 295 

Trichogaster pectoralis 1.5 6 020 9 030 9 030 

Crustaceans 

Macrobrachium rosenbergii 10 108 1 080 1 080 

Penaeus spp. 5 90 450 450 

Scylla serrata 5 23 115 115 

Other aquatic animals 1.5 62 93 93 

Total  57 014 72 363 94 896 

 

By using the farmgate prices reported in Table 174, the “estimated value of non-marine aquaculture 

production”, recording an average production of 57 014 tonnes/year between 2008 and 2012, is assessed 

to be between US$72 million and US$95 million per year (Table 175). 

 

15.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In Cambodia, the “inland fish production 

– quantity” between 2008 and 2012 supplied, on average, 468 000 and 762 000 tonnes per year with an 

estimated value between US$302 million and US$2 billion (Table 176).  

 

Table 176: Estimates of “inland fish production” in quantity and value and related indicators, 

Cambodia 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest  

estimate 

a. Inland capture fisheries 

production 
410 800 704 900 207 380 2 006 991 

Table 169, Table 172, 

Table 173 

b. Aquaculture production 57 014 57 014 94 896 57 014 Table 170, Table 175 

Overall inland fish 

production (a+b) 
467 814 761 914 302 276 2 064 005  

Aquaculture contribution to 

inland fish production (%) 
[b/(a+b)]×100 

12 7 31 3  
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The “aquaculture contribution to inland fish production” between 2008 and 2012 is estimated to be 7 and 

12 percent in terms of quantity and between 3 and 31 percent in terms of value (Table 176). The 

reliability of the “inland fish production” and the “aquaculture contribution to inland fish production”, 

both assessed in terms of quantity and value, is considered low considering the divergence of existing 

estimates of “inland fish production”, which affects all remaining economic indicators.  

 

15.3 Fish-water productivity, Cambodia  

 

15.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In Cambodia, the annual “fish-water productivity – quantity” is 

estimated to be between 212 and 345 kg (Table 177) and its reliability is considered high. 

 

Table 177: Estimates of “fish-water productivity – quantity”, Cambodia 

Variable Amount Reliability Source 

Inland fish production 

a. National estimate of inland capture fisheries production 

(tonnes) 
410 800–704 900  Table 169 

b. National estimate of aquaculture production (tonnes) 57 000  Table 170 

Water resources 

c. Inland water area (km2) 22 100  Table 166 

d. Aquaculture pond area (km2) << 100  Table 167 

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 212–345 High  

 

The lowest estimate of the indicator range is very similar to the fish-water productivity recorded in the 

Tonlé Sap system, where the local productivity (139–230 kg/ha) is among the highest recorded in tropical 

floodplains (Table 178). The high fish-water productivity of the Tonlé Sap system is the combined result 

of a high biodiversity, the accessibility of the floodplains, a very high exploitation rate (about 

20 kg/capita per year) and the dominance of fast-growing species, such as cyprinids with short life spans 

(Baran, 2005; Lieng and van Zalinge, 2001). 

 

Table 178: Local-level estimate of fish-water productivity by types of water resource, Cambodia 

Lake 

(kg of 

fish/per ha  

of water) 

Reservoir 

(kg of 

fish/per ha  

of water) 

River 

(kg of 

fish/per ha  

of water) 

Floodplain 

(kg of 

fish/per ha  

of water) 

Rice paddy 

(kg of 

fish/per ha  

of water) 

Source 

n.d. n.d. n.d. 139–190 25–62 Tietze et al., 2007 

n.d. n.d. n.d. 139–230 n.d. 
Nagabhatla & van 

Brakel, 2010 

n.d. n.d. n.d. 230 n.d. Baran et al., 2001 

n.d. n.d. n.d. n.d. 33* Joffre et al., 2013 

n.d. n.d. n.d. 150. 25–96 Guttman, 1999 

n.d. n.d. n.d. n.d. 100 Gregory, 1997 

*stocked with fish 
Note: n.d. = no data. 

 

The “fish-water productivity – quantity” indicator (212–345 kg/ha) is also close to the productivity of 

extensive aquaculture ponds, as well as the integrated rice-fish culture reported in Cambodia. On the 

contrary, the national-level indicator is several orders of magnitude lower than market-oriented 

semi-intensive and intensive aquaculture systems (Table 179). 

Table 179: Local-level estimate of fish-water productivity by type of aquaculture system, Cambodia 
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Farmed species 
Fish-water productivity 

(kg/ha) 
Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans 100 Joffre et al., 2013 

Molluscs n.d.  

Other aquatic animals n.d.  

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

- Carps 8 000–300 000  Joffre et al., 2013 

Catfish n.d.  

Crustaceans 7 000–8 000 Joffre et al., 2013 

Molluscs n.d.  

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

- Carps 20 000–100 000 Joffre et al., 2013 

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

d. Unspecified cultured species 

Extensive polyculture 100 Joffre et al., 2013 

Extensive rice-fish culture 100–300 Joffre et al., 2013 

Note: n.d. = no data. 

 

15.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in 

Cambodia varies between US$137 and US$934 (Table 180).  

 

Table 180: Estimate of “fish-water productivity – value”, Cambodia  

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
207 380–2 006 991 

 Table 169 

b. National estimate of aquaculture production (US$1 000) 94 896–57 014  Table 170 

Water resources 

c. Inland water area (km2) 22 100 
  

Table 166 

d. Aquaculture pond area (km2) << 100  Table 167 

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 137–934 Medium  
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The wide range of the indicator is derived from the divergence of available estimates of the “inland fish 

production – quantity”, and is further amplified by the price variability. The reliability of the indicator is 

considered medium by considering the amount of data available for its compilation and the degree of 

coherence among available data sources. 

 
15.4 Employment and livelihood, Cambodia 

 

15.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2011, official figures reported by Cambodia to the FAO Fisheries and Aquaculture Department 

accounted for 578 468 inland fishers, 195 684 aquaculture farmers, and 78 800 unspecified 

employed people (Table 181). The official national number of inland fishers is larger than the regional 

estimate of 496 000 inland fishers in the Tonlé Sap system, which includes both the Tonlé Sap Lake and 

the Mekong River (World Bank, FAO and WorldFish Center, 2010). 

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” is 

between 774 200 and 853 000 people, as the number of unspecified employed people is included in the 

largest value of the estimated range. 

 

The “average density of overall inland fishers and aquaculture farmers” is estimated to be between 35 and 

39 people/km² by dividing the “overall number of inland fishers and aquaculture farmers” by the “inland 

water area and aquaculture pond area” (22 100 km², Table 167). 

 

Table 181: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Cambodia 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 578 468  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2011 

b. Number of aquaculture farmers (people) 195 684  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2011 

j. Number of people with unspecified 

occupation in the fisheries sector (people) 
78 800  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2011 

Regional estimates 

Number of fishers on the Mekong River and 

on the Tonlé Sap Great Lake (people) 
496 000  

World Bank, FAO & 

WorldFish Center, 2010 

c. Inland water area (km2) 22 100  
Table 166 
Table 166 

d. Aquaculture pond area (km2) << 100  Table 167 

Overall number of inland fishers and 

aquaculture farmers (people)  

 (a+b) – (a+b+j) 

774 200–853 000 Medium  

Average density of overall inland fishers 

and aquaculture farmers (people/km²)  

[(a+b) – (a+b+j)/(c+d)] 

35–39 Medium  

Note: Indicator values have been rounded. 
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The reliability of the two compiled social indicators is considered medium in view of a potential 

underestimation of the official reported number of inland fishers and aquaculture farmers and the 

occurence of 78 800 people with an unspecified occupation.  

 

The reported number of inland fishers is one order of magnitude lower than both the median 

(1 697 900 people) and the maximum (3 453 000 people) number of inland fishers expected in Cambodia 

on the basis of the extent of water resources in the country and the average densities of inland fishers 

recorded in Asia in different types of inland waters (see section 15.4.2). 

 

During the wet season, given the high productivity of “seasonally flooded areas”, the majority of 

households engage in fishing activity to support or integrate their livelihoods. At the national level, it is 

estimated that about 6 million people, or 50 percent of the country’s population, depend on fishing for 

their livelihood (FAO, 2011), while a household survey carried out in 1995–96 in the Tonlé Sap area 

found that about 1 200 000 people depended on fishing for their livelihood (van Zalinge, Thuok and 

Nuov, 2001).  

 

15.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 

 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by lakes, reservoirs, stocked reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Asia, as reported by FAO 

(1995b). In the case of Cambodia, the “calculated number of inland fishers based on the extent of 

different types of inland waters” is estimated to be between 1 698 000 and 3 453 000 people (Table 182). 

 

Table 182: Calculated number of inland fishers by type of water resource, Cambodia 

Inland waters 

Computed 

theoretical number 

of fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Asia* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Asia*  

(people/km2) 

(c) 

Coastal lagoons 63 044–269 309  3 233 19.5 83.3 

Lakes n.a.  n.d. 3.3 43.3 

Reservoirs n.a.  n.d. 2.4 19 

Flooded areas 1 634 855–3 183 665  17 209 95 185 

Calculated number 

of inland fishers 

based on the extent 

of different types of 

inland waters 

1 698 00–3 453 000 Low  

*Source: FAO (1995). 

Notes: Indicator values have been rounded. n.a. = not applicable; n.d.= no data. 

 

The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the analysed 

country.  

15.5 Protein supply, Cambodia 

 

15.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 

 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production. In Cambodia, the annual 
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average “fish protein supplied by inland fish production” is estimated to be between 51 000 and  

83 000 tonnes of proteins. The national average “fish-protein water productivity”, measured in kg/ha, is 

obtained by dividing the “fish protein supplied by inland fish production” by the extent of “inland water 

area and aquaculture pond area”. The resulting “fish-protein water productivity” indicator expresses the 

average content of fish proteins provided by one hectare of water area available to the inland fisheries 

sector, which in Cambodia was estimated to be between 23 and 38 kg/ha (Table 183). 

 

Table 183: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Cambodia 

Variable 

Proteins supplied 

by inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Amount Reliability Source 

a. Freshwater and 

diadromous fish  
44 729 6 184 50 913 

  

 FAO, 

2006−2016 

b. Crustaceans 41 21 62     

c. Molluscs  n.d.  n.d. n.d.     

d. Other aquatic animals  n.d.  n.d. n.d.     

e. Proteins calculated from 

official production figures 

in 2008–2012 (tonnes) 

(a+b+c+d) 

44 800 6 200 51 000 

 

  

f. Proteins calculated from 

non-official production 

estimate (tonnes) 

76 800 6 200 83 000 

  
Fish protein supplied by inland fish production (tonnes )(e; f) 51 000–83 000   

g. Inland water area (km2) 22 100   Table 166 

h. Aquaculture pond area (km2) << 100   Table 167 

Fish-protein water productivity (kg/ha) 

 [(e)/(g+h)×10] –[(f)/(g+h)×10] 
23–38    Medium 

  

Notes: Indicator values have been rounded. n.d. = no data. 

 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered medium because of the existing information on the composition of 

inland capture fisheries and aquaculture production in the two groups out of four species groups 

considered. 
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16. CHINA – MAINLAND 

 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

mainland China. Table 184 provides an overview of all the values of the compiled indicators. 
 

Table 184: Summary of water-related indicators, China 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 325 400 16.1 

Percentage of inland water over country area (%) 3 16.1 

Percentage of permanent inland water over inland water 

area (%) 
58 16.1 

Inland water area and aquaculture pond area (km²) 353 900 16.1 

Deep rice cultivated area (km2) n.d. 16.1 

Lowland rice cultivated area (km2) n.d. 16.1 

Inland fish production – quantity (tonnes) 26 410 900 16.2 

Inland fish production – value (US$1 000) 38 594 486–60 808 610 16.2 

Aquaculture contribution to inland fish – quantity (%) 91 16.2 

Aquaculture contribution to inland fish production – value (%) 89–92 16.2 

Fish-water productivity – quantity (kg/ha) 746 16.3 

Fish-water productivity – value (US$/ha) 1 091−1 718 16.3 

Overall inland fishers and aquaculture farmers (people) 11 128 700– 12 020 500 16.4 

Calculated number of inland fishers based on the extent of 

different types of inland waters (people) 
14 719 000–33 291 000 16.4 

Average density of overall inland fishers and aquaculture 

farmers (people/km²) 
31–34 16.4 

Fish protein supplied by inland fish production (tonnes) 2 752 700 16.5 

Fish-protein water productivity (kg/ha) 78 16.5 

Note: n.d. = no data. 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 
16.1 Water availability, China 

 

16.1.1 Estimates of “permanent inland waters” 

 

China has a large extent of water resources, mainly located in the south of the country. There are around 

50 000 rivers with watershed areas exceeding 100 km2; of these rivers, 104 of them have a length of over 

300 km and 22 rivers a length of over 1 000 km (Chen, Li and Wang, 2010). Major rivers include the 

Yangtze River (6 300 km), which is the third longest river in the world, Yellow River (5 464 km), 

Songhuajiang River (2 308 km), Liaohe River (1 390 km), Pearl River (2 214 km), Haihe River 

(1 090 km), Huaihe River (1 000 km), Qiantangjiang River (604 km), Minjiang River (604 km), and 

Jiulongjiang River (223 km) (National Bureau of Statistics of China, 2012a; Qu et al., 2005). 
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China is also one of the countries in the world with the highest number of lakes. As an example, along the 

Yangtze River and its tributaries, there are more than 4 000 lakes with a total surface of 15 200 km², 

creating a complex network of rivers and lakes (Fu et al., 2003). In the last 50 years, the connectivity 

between the Yangtze River and about 500 lakes has been interrupted by infrastructure and land cover 

change. Thus, recent actions to restore the natural water flow in the Yangtze River floodplains are 

currently being undertaken (WWF, no date). 

 

There are more than 2 800 lakes with a surface area above 1 km2. The largest lakes include Lake 

Poyanghu (2 933 km2), Lake Dongtinghu (2 432 km2), Lake Taihu (2 425 km2), Lake Chaohu (770 km2), 

Lake Qiandaohu (573 km2), and Lake Dianshanhu (47 km2) (Qu et al., 2005). The National Bureau of 

Statistics of China (2012b) reported 83 516 km2 for lakes, 22 850 km2 for reservoirs, and 82 070 km2 

for rivers. 

 

Other authors report slightly different figures. By comparing these other estimates, the extent of lakes is 

reported to be between 71 400 km2 (Chen, Li and Wang, 2010) and 75 240 km2 (National Bureau of 

Statistics of China, 2005), while the more recent estimate provided by the National Bureau of Statistics of 

China (2012b) is larger than both the previous estimates. The extent of reservoirs is reported to be 

between 21 100 km2 (Chen, Li and Wang, 2010) and 23 020 km2 (National Bureau of Statistics of China, 

2005); thus, the amount of reservoirs reported by the National Bureau of Statistics of China (2012b) is 

within the reported range. The largest variation is found in the statistics related to the extent of rivers, 

which was reported to be 52 780 km2 (National Bureau of Statistics of China, 2005), 76 500 km2 (Chen, 

Li and Wang,  2010), and 82 070 km2 (National Bureau of Statistics of China, 2012b). 

 

The permanent inland waters mapped in the GLWD (Lehner and Doll, 2004) account for 78 725 km2 for 

lakes, but only 4 165 km2 for reservoirs and 14 229 km2 for rivers. Therefore, the estimate reported by the 

National Bureau of Statistics of China (2012b) was chosen as it was a more recent figure and likely to 

account more comprehensively the river extent. 

 

16.1.2 Estimates of “seasonally flooded areas” 

 

In China, several rivers record seasonal inundation of surrounding areas, while several lakes record 

seasonal variation of their size. The major seasonally flooded area is created by the overflow of the 

Yangtze and the Yellow Rivers. According to Tockner and Standford (2002), the extent of riverine 

floodplains with lacustrine wetlands along the Yangtze and Yellow-Huaihe basin is 80 000 km², and the 

extent of the Yellow River, which includes parts of the Hai and Huai Rivers, is 120 000 km². 

 

The size of Lake Poyang fluctuates from less than 1 000 km² during the dry winter period to more than 

4 000 km² during the wet summer season (Shankman and Liang, 2003). In particular, a study using 

remote sensing conducted between 2004 and 2006 recorded the minimum extent (804 km²) in February 

2004 and the maximum extent (3 146 km²) in August 2004 (Andreoli et al., 2008). 

 

Similarly, Lake Dongting normally has a surface of less than 500 km², but may increase to  

2 500–3 000 km² during the rainy summer season (Feng et al., 2012; Uribe et al., no date). The National 

Bureau of Statistics of China (2012b) reports a marshland extent of 137 000 km². This figure seems 

consistent with other reported figures related to the major flooded area in the country. Thus, the estimate 

reported by the National Bureau of Statistics of China (2012a) was used because of its more updated 

information and because it was the same data source used for “permanent inland waters”, so potential 

doublecounting could be excluded. 

 

16.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” is estimated to be 325 400 km². “Inland water area” represents 

3 percent of the entire country area (9 598 095 km² extent of mainland China), and “permanent inland 

waters” constitute 58 percent of the “inland water area” (Table 185). 
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By comparison, the extent of “inland water area” recorded in the FAOSTAT country database is 

272 510 km². The FAOSTAT value is derived from the difference between “country area” and “land 

area” (FAO, 2003), which are official figures reported by the country to the FAO Statistics Department. 

 

It should be noted that despite the large extent of water resources, there are growing indications of 

China’s severe water contamination and the overall degradation of water quality of the existing water 

resources (Gleick, 2008), which might affect the suitability of these water resources as fish habitats and 

consequently the use by the inland fisheries sector. 

 

Table 185: Estimates of “inland water area” and related indicators, China 

Water resources Amount Reliability Source 

a. Permanent inland waters (km²) 

188 436  
Non-GIS: National Bureau of 

Statistics of China, 2012b 

174 510  
Non-GIS: National bureau of 

statistics of China, 2005 

169 000  
Non-GIS: Chen, Li and Wang, 

2010 

166 400  Non-GIS: De Silva, 1988 

150 252  GIS: NOAA, no date 

97 119  GIS: Lehner & Doll, 2004 

b. Seasonally flooded areas (km²) 
137 000  

Non-GIS: National Bureau of 

statistics of China, 2012b 

472  GIS: ESA, 2010 

Regional estimates 

Seasonally flooded area of the 

Yangtze River basins (km²) 
80 000  

Non-GIS: Tockner & Standford, 

2002 

Seasonally flooded area of the 

Yellow River basin 
120 000  

Non-GIS: Tockner & Standford, 

2002 

Size variation of Poyang Lake between  

dry and wet season (km²) 

1 000–4 000  
Non-GIS: Shankman & Liang, 

2003 

804–3 146  GIS: Andreoli et al., 2008 

Size variation of Dongting Lake between 

dry and wet season 
500–3 000  GIS: Feng et al., 2012 

Inland water area (km²) (a+b) 
325 400 Medium  

272 510  Non-GIS: FAO, 2003 

Percentage of permanent inland water 

over inland water area (%) 
58 Medium  

Percentage of inland water over country 

area (%) 
3 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

The reliability of the “inland water area” and related indicators is considered medium because it is not 

known to what extent the minor water resources are reflected in the available official statistics reported 

by the National Bureau of Statistics of China (2012b) that have been used to estimate the “permanent 

inland waters” and that consequently influence the estimates of the “inland water area” and other related 

indicators. 

 
16.1.4 Estimates of “aquaculture pond area” and related indicators 

 

Official data in the FAO database reported that the extent of water resources used by aquaculture in 2011 

is constituted by 57 286 km2, which includes 24 499 km2 for ponds, 2 727 km2 for canals, 10 230 km2 for 

lakes, 18 519 km2 for reservoirs, and 1 311 km2 for other. 
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However, since the extent of lakes and reservoirs has been accounted within the “inland water area” in 

Table 185, only the area of aquaculture ponds, canals and other are used for estimating the extent of 

“aquaculture pond area”. According to Li (2003), the extent of “aquaculture pond area” in 1999 was 

about 21 450 km2; however, when all the water resources including lakes, reservoirs and waterways were 

considered, the overall estimate of surface waters used by aquaculture increased to 51 950 km2. 

 

There is also a great discrepancy between the official figure of water resources used by aquaculture 

(28 500 km2) (Table 186) and the estimate provided by Hall et al. (2011), which considered the 

production recorded in 2008 in the FAO-FishStatJ database (FAO, 2006−2016)  and the estimated 

production intensity (kg/ha) of different culture systems (Table 187). The recorded discrepancy is mainly 

due to the extensive production of carps, which in 2008 amounted to 3 325 593 tonnes and was estimated 

to be produced extensively with an intensity of 500 kg/ha (Hall et al., 2011). 

 

The reliability of the “inland water area and aquaculture pond area” indicator is considered low because 

of the scarce level of consistency found in the comparison among available data sources. 

 

Table 186: Estimates of the “aquaculture pond area” and related indicators, China 

Farmed species 
Surface 

(km²) 
Reliability Source 

a. Freshwater pond aquaculture 

Freshwater and diadromous fish  n.d.   

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

b. Brackish-water pond aquaculture 

Freshwater and diadromous fish  n.d.   

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

c. Unspecified pond aquaculture 

Unspecified 

24 499  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2011 

14 800  Chen, Li and Wang, 2010 

4 038  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2011 

d. Estimated cage area n.d.   

Aquaculture pond area (a+b+c+d) 28 500 Low  

Inland water area and aquaculture  

pond area 
353 900 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. n.d. = no data. 
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Table 187: Calculated “aquaculture pond area” from estimated production intensities, China 

Farmed species 
Estimated production in 

2008 (tonnes) 

Estimated pond area 

(km²) 

a. Extensive aquaculture 

Freshwater and diadromous fish (carp) 3 325 593 66 511 

Catfish 337 334 5 622 

Crustaceans (shrimp) 124 004 992 

Molluscs 839 504 265 

Other aquatic animals n.d. n.d. 

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (carp) 8 729 682 6 983 

Catfish 337 334 823 

Crustaceans (shrimp) 1 593 935 7 084 

Crustaceans (crab and lobster) 518 357 691 

Molluscs n.d. n.d. 

Other (freshwater and diadromous fish unspecified) 2 696 111 16 

Other (invertebrate) 196 575 491 

c. Intensive aquaculture 

Freshwater and diadromous fish (carp) 1 801 363 1 200 

Catfish n.d. n.d. 

Crustaceans (shrimp) 157 278 220 

Crustaceans (crab and lobster) 197 655 395 

Molluscs n.d. n.d. 

Other (eel) 417 454 278 

Other (tilapia) 1 110 298 617 

Other (freshwater and diadromous fish unspecified) 78 141 0.9 

Other (invertebrate) 286 010 260 

Estimated extent of aquaculture ponds for a selected 

group of species (km²) (a+b+c) 
                                                92 400 

Source: Halls et al. (2011). 
Notes: Bold highlights the data used; n.d. = no data. 

 

16.1.5 Estimates of “deep rice” and “lowland cultivated areas” 

 

In China, rice cultivation is dominated by an irrigated rice system. In 2006, it was reported in the FAO 

AQUASTAT database that irrigated rice areas covered an area of 290 470 km2 (FAO, 2014), which is 

79 percent of the national rice area (365 502 km2) detected by remote sensing (Liu et al., 2002, 2005). 

 

The percentage of rainfed rice reported in the 1990s ranged between 5 percent (Halwart, 1999) and 

7 percent (Defeng, 2000). Rainfed rice was reported to be grown in limited lowland areas in Hebei, 

Henan, Shangdong, Shaaxi, Liaoning, Jinlin and Heilongjiang provinces, while upland rice was scattered 

in the mountain areas in Yunnan, Guizhou, Guangxi and Jiangxi provinces (Defeng, 2000). 

 

There are no data for the extent of deep rice cultivated areas, and thus the indicator could not be 

compiled. However, it has been reported that rice-fish integrated systems cover an area between  

13 000 and 15 000 km2 (Shuping, 2005; Lu and Li, 2006; FAO, 2012) (Table 188). 
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Table 188: Estimates of “deep rice” and “lowland rice cultivated areas”, China 

Rice crop 
Surface 

(km²) 
Reliability Source 

a. Deep rice n.d.   

b. Upland rice n.d.   

c. National rice crop area  
291 664  GIS: Sun et al., 2009 

365 502  GIS: Liu et al., 2005 

Regional estimates 

Rice cultivated area in 13 provinces in 

southern China reported in the National 

Land Cover Dataset  

280 555  GIS: Xiao et al., 2006 

Rice cultivated area in 13 provinces in 

southern China detected from remote 

sensing 

250 480  GIS: Xiao et al., 2006 

Irrigated rice crop area 

National irrigated rice area reported  

in 2006 
290 470  Non-GIS: FAO, 2014 

Deep rice cultivated area (a) n.d.   

Lowland rice cultivated area (c − b) n.d.   

   Note: n.d. = no data. 

16.2 Inland fish production, China 

 

16.2.1 Estimates of “inland capture fisheries production – quantity” 

 

The official statistics reported to the FAO Fisheries and Aquaculture Department between 2008 and 2012 

showed that the national average of inland capture fisheries production was about  

2 250 300 tonnes/year (Table 189). However, in official statistics the separation between inland capture 

fisheries production from aquaculture production is not straightforward. As an example, fish harvest 

occurring in natural lakes that have been stocked is accounted for within national aquaculture statistics 

(Xie and Li, 2003). 

 

Therefore, the reliability of the “estimate of inland capture production – quantity” is considered medium 

and it would be advisable to use this figure in conjunction with estimates of non-marine aquaculture 

production. 
 

Table 189: Estimates of “inland capture fisheries production – quantity”, China 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 1 969 121  FAO, 2006−2016 

Average 2003–2007 2 180 415  FAO, 2006−2016 

Average 2008–2012 2 250 288  FAO, 2006−2016 

Estimate of inland capture 

fisheries production – quantity 
2 250 300 Medium  

Notes: Bold highlights the data used. Indicator value has been rounded. 
 

16.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

The official statistics reported to the FAO Fisheries and Aquaculture Department between 2008 and 2012 

showed that the national average of non-marine aquaculture production was about 24 million tonnes 

(Table 190). It is worth noting that China’s aquaculture production is more than 10 times higher than the 

inland capture fisheries production and that it represents 91 percent of the overall national inland fish 

production. The average annual production between 2008 and 2012 has increased about 40 percent 

compared with the previous five-year period. 
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The reliability of the “estimate of non-marine aquaculture production – quantity” is considered medium 

as more information is required to confirm the reported production trend. 

 

Table 190: Estimates of “non-marine aquaculture production – quantity”, China 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 13 430 156  FAO, 2006−2016 

Average 2003–2007 17 862 563  FAO, 2006−2016 

Average 2008–2012 24 160 590  FAO, 2006−2016 

Estimate of non-marine 

aquaculture production – quantity 
24 160 600 Medium  

Notes: Bold highlights the data used. Indicator value has been rounded. 

 

16.2.3 Estimates of “inland capture fisheries production – value” 

 

In China, wild captured fish species usually have unit prices higher than farmed fish. Moreover, the price 

of the oriental river prawn (Macrobrachium nipponense), Chinese white prawn (Exopalaemon modestus), 

and Chinese mitten crab (Eriocheir sinensis) is usually higher than that of fish (Halwart, Soto and Arthur, 

2007) (Table 191). 

 

Huihong et al. (no date) collected information on the daily catch from 2009 to 2012 from 12 fishing boats 

operating along Wujiang, Zhengjiang and Beijiang Rivers. They found that 86 percent of the catch was 

constituted by low-value species, which are found in local markets with a retail price below US$3/kg. 

 

In spring, the daily catch of a small fishing boat operated by two people along the Beijiang River is 

constituted by 15 kg of carp fish with a price of US$0.7/kg; 5 kg of crucian fish with a price of 

US$0.9/kg; and 0.25 kg of yellow horn fish with a price of US$2.6/kg. From April to September, the 

same type of boat can catch 2 kg of shrimp daily with a price of US$2/kg. 

 

Thus, a price of US$0.7–US$2.6/kg was applied to the group of freshwater and diadromous fish, while 

the prices for the oriental river prawn (Macrobrachium nipponense), Chinese white prawn (Exopalaemon 

modestus) and Chinese mitten crab (Eriocheir sinensis) were considered to be equal to the price reported 

for the corresponding farmed species by FAO (2006–2016). In a similar way, the price of captured 

molluscs was estimated to be US$1.5/kg and the price of aquatic animals US$1.2/kg. 

 

Table 191: Estimates of first-sale prices of wild caught species, China 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and  

diadromous fish  
0.7–2.6 Shiming, 2010 

 [2.9] Huihong et al., no date 

Crustaceans 2 Shiming, 2010 

Macrobrachium nipponense 4.8–5.5 Estimated in this report 

Eriocheir sinensis 3.3–5.7 Estimated in this report 
Exopalaemon modestus 4.8 Estimated in this report 
Molluscs 1.5 Estimated in this report 

Other aquatic animals 1.2 Estimated in this report 

Notes: Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, or to 

dry, smoked or salted fish (see text for details). Indicator values have been rounded. Bold highlights the data used.  

 

By using the first-sale prices reported in Table 191, the “estimated value of inland capture fisheries 

production”, recording an average production of 2 250 300 tonnes/year between 2008 and 2012, is 

assessed to be between US$2.9 billion and US$6.5 billion per year (Table 192).  
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Table 192: Estimates of “inland capture fisheries production – value” based on official statistics, 

China 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

 (US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and 

diadromous fish  0.7–2.6 1 594 957 11 164 696 41 468 872 

Crustaceans  

Macrobrachium nipponense 4.8–5.5 140 561 674 692 773 084 

Eriocheir sinensis 3.3–5.7 52 512 173 290 299 320 

Exopalaemon modestus 4.8 140 560 463 849 801 193 

Molluscs 1.5 281 386 422 079 422 079 

Other aquatic animals 

Invertebrata 1.2 40 312 48 375 48 375 

Total  2 250 300 2 898 754 6 490 938 

16.2.4 Estimates of “non-marine aquaculture production – value” 

 

The official farmgate prices, referring to year 2010, which are reported by the country to the FAO 

Fisheries and Aquaculture Department, are used as baseline values to calculate the market value of 

aquaculture production in China (Table 193). However, for several aquaculture species, slightly different 

farmgate prices were available and published by different sources. Therefore, for these species, the 

aquaculture production value was calculated using a range of different unit prices (US$/kg). 

 

In general, it was noted that, with a few exceptions, the prices reported by FAO (2006−2016) for several 

farmed fish species tend to be lower than the prices reported by other sources. However, the opposite 

occurs when crustaceans’ species are considered. No additional data sources were found to compare the 

reported farmgate prices for molluscs and other aquatic animals. 

 

Table 193: Estimates of farmgate prices of aquaculture production, China 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and 

diadromous fish  
1.2 FAO, 2006−2016; unit price referred to 2010  

Acipenseridae 
2.9 FAO, 2006−2016; unit price referred to 2010  

3.8–4.6 Edwards, 2012 

Anguilla japonica 
2.7 FAO, 2006−2016; unit price referred to 2010  

3.8 China National Aquaculture Information Collection System 

Carassius carassius 
0.5–1.4 Qiufen et al., 2013 

1.1 FAO, 2006−2016; unit price referred to 2010  

Channa argus 
1.2 FAO, 2006−2016; unit price referred to 2010  

1.1 Qiufen et al., 2013 

Cipangopaludina chinensis 0.8 FAO, 2006−2016; unit price referred to 2010  

Ctenopharyngodon idellus 

1.2–1.7 Edwards, 2012 

1.3 FAO, 2006−2016; unit price referred to 2010  

1.5 China National Aquaculture Information Collection System 



199 

 

Species  
Unit price 

(US$/kg) 
Source 

Cyprinus carpio 
1.1 FAO, 2006−2016; unit price referred to 2010  

0.5–0.6 Edwards, 2013 

Hypomesus olidus 1.2 FAO, 2006−2016; unit price referred to 2010  

Hypophthalmichthys molitrix 

0.6 China National Aquaculture Information Collection System 

1.5 Edwards, 2012; Edwards, 2013 

1.3 FAO, 2006−2016; unit price referred to 2010  

Hypophthalmichthys nobilis 
1.3 FAO, 2006−2016; unit price referred to 2010  

1.4 Edwards, 2012 

Ictalurus punctatus 
1.3 FAO, 2006−2016; unit price referred to 2010  

2.7 China National Aquaculture Information Collection System 

Leiocassis longirostris 1.3 FAO, 2006−2016; unit price referred to 2010  

Megalobrama amblycephala 
1.6 FAO, 2006−2016; unit price referred to 2010  

1.4 China National Aquaculture Information Collection System 

Micropterus salmoides 
1.6 FAO, 2006−2016; unit price referred to 2010  

3.4 China National Aquaculture Information Collection System 

Misgurnus anguillicaudatus 1.3 FAO, 2006−2016; unit price referred to 2010  

Monopterus albus 

2.6 FAO, 2006−2016; unit price referred to 2010  

6.9 China National Aquaculture Information Collection System 

11 Edwards, 2013 

Mylopharyngodon piceus 

2.3 FAO, 2006−2016; unit price referred to 2010  

2.2 China National Aquaculture Information Collection System 

2.4–3.3 Edwards, 2012 

Oncorhynchus mykiss 
1.5 FAO, 2006−2016; unit price referred to 2010  

4.5 China National Aquaculture Information Collection System 

Oreochromis aureus x  

O. niloticus 
1.5 

FAO, 2006−2016; unit price referred to 2010;  

The Fish Site, 2012 

Oreochromis niloticus 1.5 FAO, 2006−2016; unit price referred to 2010; The Fish Site, 2012 

Pelteobagrus fulvidraco 1.3 FAO, 2006−2016; unit price referred to 2010  

Piaractus brachypomus 
1.5 FAO, 2006−2016; unit price referred to 2010  

1.2 China National Aquaculture Information Collection System 

Protosalanx hyalocranius 1.2 FAO, 2006−2016; unit price referred to 2010  

Salmonoidei 1.5 FAO, 2006−2016; unit price referred to 2010  

Silurus asotus 
1.3 FAO, 2006−2016, unit price referred to 2010  

2.1 China National Aquaculture Information Collection System 

Siniperca chuatsi 

9.3 FAO, 2006−2016; unit price referred to 2010  

4.7 Chen et al., 2013 

10 Edwards, 2012 

Crustaceans 

Eriocheir sinensis 7.0 FAO, 2006−2016; unit price referred to 2010  
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Species  
Unit price 

(US$/kg) 
Source 

3.3–5.7 Edwards, 2012 

Macrobrachium nipponense 
4.8 FAO, 2006−2016; unit price referred to 2010  

5.5 Chen et al., 2013 

Macrobrachium rosenbergii 4.8 FAO, 2006−2016; unit price referred to 2010  

Palaemonidae 4.8 FAO, 2006−2016; unit price referred to 2010  

Penaeus chinensis 4.0 FAO, 2006−2016; unit price referred to 2010  

Penaeus vannamei 
5.2 FAO, 2006−2016; unit price referred to 2010  

3.4–4.2 Godfrey, 2014 

Procambarus clarkii 4.8 FAO, 2006−2016; unit price referred to 2010  

Molluscs 1.5 FAO, 2006−2016; unit price referred to 2010  

Anodonta cygnea 0.4 FAO, 2006−2016; unit price referred to 2010  

Corbicula fluminea 1.5 FAO, 2006−2016; unit price referred to 2010  

Other aquatic animals 

Rana spp. 5.2 FAO, 2006−2016; unit price referred to 2010  

Invertebrata 1.2 FAO, 2006−2016; unit price referred to 2010  

Trionyx sinensis 5.2 FAO, 2006−2016; unit price referred to 2010  

Testudinata 5.2 FAO, 2006−2016; unit price referred to 2010  

 

The large variation in the value of aquaculture production shown in Table 194 can be determined by a 

large variation in the reported values of farmgate prices, or can be caused by a small variation in price for 

species that are farmed in large quantities. It should be noted that, despite the large number of farmed 

species in China, six species of carps including the grass carp (Ctenopharyngodon idellus), silver carp 

(Hypophthalmichthys molitrix), common carp (Cyprinus carpio), bighead carp (Hypophthalmichthys 

nobilis), crucian carp (Carassius carassius), tilapia (Oreochromis niloticus) and the whiteleg shrimp 

(Penaeus vannamei) together represent 72 percent of the overall average aquaculture production recorded 

between 2008 and 2012. 

 

Among carps, the farmgate prices found in the literature for the silver carp (Hypophthalmichthys molitrix) 

and the crucian carp (Carassius carassius) include the values of both the lower and higher farmgate 

prices reported in FAO (2006−2016) for these species. Thus, for these two species a range between 

US$0.5 and US$1.5 per kg has been used. 

 

The literature reports that farmgate prices for the common carp (Cyprinus carpio) can be as low as 

US$0.5/kg, while the price for, respectively, the whiteleg shrimp (Penaeus vannamei) and oriental river 

prawn (Macrobrachium nipponense) can be as low as about US$3.3–US$3.4 per kg. For all the remaining 

species, for which additional information on price was found, the farmgate price reported in the literature 

was higher than the price reported in FAO (2006−2016). 

 

The largest discrepancies in price were found for the Asian swamp eel (Monopterus albus), the Mandarin 

fish (Siniperca chuatsi) and the Rainbow trout (Oncorhynchus mykiss), with prices reported to be as high 

as, respectively, US$11/kg (Edwards, 2012), US$10/kg (Edwards, 2013) and US$4.5/kg (CNAICS, 

2010). For the Largemouth black bass (Micropterus salmoides) and sturgeon species, higher prices with 

an increase of about US$1.8–US$1.9 per kg compared with prices reported by FAO 2006–2016 were 

reported, respectively, by CNAICS (2010) and by Edwards (2012). 

 

Higher prices with an increase of almost US$1 were also reported for the Amur catfish (Silurus asotus), 

the channel catfish (Ictalurus punctatus), the Oriental River prawn (Macrobrachium nipponense) and 

pond smelt (Hypomesus olidus). 



201 

 

 

By considering the unit prices reported in Table 193, the “estimated value of non-marine aquaculture 

production”, with an average production of 24 160 600 tonnes/year between 2008 and 2012, is assessed 

to be between US$35 billion and US$54 billion per year (Table 194). 

 

Table 194: Estimates of “non-marine aquaculture production − value”, China 

Species  

Unit 

price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

 (US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and diadromous fish  1.2 695 696 848 749 848 749 

Acipenseridae 2.86–4.6 36 968 105 727 170 051 

Anguilla japonica 2.7-3.8 210 913 577 901 801 469 

Carassius carassius 0.5–1.4 2 194 854 1 097 427 3 072 796 

Channa argus 1.1–1.2 397 241 436 965 476 689 

Cipangopaludina chinensis 0.8–1.1 104 024 83 219 114 427 

Ctenopharyngodon idellus 1.3-1.7 4 246 953 5 351 162 7 219 821 

Cyprinus carpio 0.5–1.1 2 593 335 1 296 668 2 852 669 

Hypomesus olidus 0.5–1.2 13 487 6 744 16 185 

Hypophthalmichthys molitrix 0.6–1.5 3 537 382 2 122 429 5 306 073 

Hypophthalmichthys nobilis 1.3-1.4 2 559 071 3 275 611 3 582 699 

Ictalurus punctatus 1.3–2.1 218 863 284 522 459 613 

Leiocassis longirostris 1.3 18 739 24 361 24 361 

Megalobrama amblycephala 1.4–1.6 652 267 913 174 1 043 627 

Micropterus salmoides 1.6-3.4 195 709 305 305 665 409 

Misgurnus anguillicaudatus 1.3 212 074 271 454 271 454 

Monopterus albus 2.6-11 267 096 697 120 2 938 052 

Mylopharyngodon piceus 2.3-3.3 426 839 990 266 1 408 568 

Oncorhynchus mykiss 1.5-4.5 19 017 28 716 85 577 

Oreochromis aureus × O. niloticus 1.5 334 670 498 658 498 658 

Oreochromis niloticus 1.5 1 004 120 1 496 138 1 496 138 

Pelteobagrus fulvidraco 1.3 191 263 248 642 248 642 

Piaractus brachypomus 1.2–1.5 88 288 105 946 132 432 

Protosalanx hyalocranius 1.2-1.5 18 147 22 139 27 220 

Salmonoidei 1.5 1 836 2 790 2 790 

Silurus asotus 1.3-2.1 363 259 472 237 762 844 

Siniperca chuatsi 4.7–10 254 697 1 197 074 2 546 966 

Crustaceans         

Eriocheir sinensis 3.3–7 609 902 2 012 675 4 269 311 

Macrobrachium nipponense 4.8-5.5 221 547 1 054 564 1 218 509 

Macrobrachium rosenbergii 4.8 129 021 614 139 614 139 

Palaemonidae 4.8 16 212 77 170 77 170 

Penaeus chinensis 4.0 43 022 172 090 172 090 

Penaeus vannamei 3.4–5.2 1 236 595 4 204422 6 430 293 

Procambarus clarkii 4.8 489 683 2 330 890 2 330 890 
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Species  

Unit 

price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

 (US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Molluscs 1.5 29 815 43 828 43 828 

Anodonta cygnea 0.4 91 363 37 459 37 459 

Corbicula fluminea 1.5 20 772 30 535 30 535 

Other aquatic animals 0.0     0 

Rana spp. 5.2 83 046 431 010 431 010 

Invertebrata 1.2 43 714 53 331 53 331 

Trionyx sinensis 5.2 263 476 1 367 438 1 367 438 

Testudinata 5.2 25 616 132 947 132 947 

Total  24 160 600 35 323 643 54 282 928 

Note: Bold highlights the data used. 

 

16.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In mainland China, the “inland fish 

production – quantity” between 2008 and 2012 supplied, on average, 26 million tonnes per year with an 

estimated value between US$39 billion and US$61 billion.  

 

The “aquaculture contribution to inland fish production” between 2008 and 2012 constitutes the largest 

share of “inland fish production” among analysed countries, and is estimated to be 91 percent in terms of 

quantity and between 89 and 92 percent in terms of value (Table 195). 

 

Table 195: Estimates of “inland fish production” in quantity and value and related indicators, 

China 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest  

estimate 

a. Inland capture fisheries 

production  
2 250 288 n.a. 3 270 843 6 525 682 Table 189, Table 192 

b. Aquaculture production 24 160 600 n.a. 35 323 643 54 282 928 Table 190, Table 193 

Inland fish production (a+b) 26 410 900 n.a. 38 594 486 60 808 610  

Aquaculture contribution to 

inland fish production (%) 

[b/(a+b)]×100 

91 n.a. 92 89  

Notes: Bold highlights the data used. Indicator value has been rounded. Where the indicator is composed of only one value, the value appears in 

the lowest estimate column. n.a. = not applicable. 

 

The reliability of the “inland fish production” and the “aquaculture contribution to inland fish 

production”, both assessed in terms of quantity and value, is considered medium on the basis of available 

information on fish production and fish unit prices. 
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16.3 Fish-water productivity, China 

 

16.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In mainland China, the annual “fish-water productivity – quantity” is 

estimated to be about 746 kg /ha (Table 196) and its reliability is considered medium. 

 

Table 196: Estimates of “fish-water productivity – quantity”, China 

Variable Amount Reliability Source 

Inland fish production 

a. National estimate of inland capture fisheries production (tonnes) 2 250 300  Table 189 

b. National estimate of aquaculture production (tonnes) 24 160 600  Table 190 

Water resources 

c. Inland water area (km2) 325 400  Table 185 

d. Aquaculture pond area km2) 28 500  Table 186 

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 746 Medium  

 

The estimated “fish-water productivity – quantity” This value is in the range of values reported for 

culture-based fisheries in small reservoirs (Table 197). However, the indicator value is not representative 

of intensive aquaculture production systems often used to raise tilapia as monoculture or polyculture in 

which fish-water productivity of 5 500–6 500 kg/ha are reported (Table 198). 

 

Table 197: Local-level estimate of fish-water productivity by types of water resource, China 

Lake 

(kg of fish/ha 

of water) 

Reservoir 

(kg of fish/ha  

of water) 

River 

(kg of fish/ha  

of water) 

Floodplain 

(kg of fish/ha  

of water) 

Rice paddy 

(kg of fish/ha  

of water) 

Source 

n.d. 75–525 n.d. n.d. n.d. Li, 1988 

n.d. 1 265 n.d. n.d. n.d. Li, 1988 

n.d. 

25 

Hongmen 

Reservoir 

n.d. n.d. n.d. Li, 2001 

n.d. 

69 

Danjiangkou 

Reservoir 

n.d. n.d. n.d. Li, 2001 

n.d. 
85 

Heidi Reservoir 
n.d. n.d. n.d. De Silva, 2001 

n.d. 

90 

Xinanjiang 

Reservoir 

n.d. n.d. n.d. Li, 2001 

n.d. 

1 460 

Zishanchum 

Reservoir 

n.d. n.d. n.d. De Silva, 2001 

1 084 

Donghu Lake 
n.d. n.d. n.d. n.d. Yang et al., 2005 

 

 



204 

 

Table 198: Local-level estimate of fish-water productivity by type of aquaculture system, China 

Farmed species 
Fish-water 

productivity (kg/ha) 
Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs 421 Biao & Kaijin, 2007 

Other aquatic animals n.d.  

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs 848 Biao & Kaijin, 2007 

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

- Tilapia (monoculture) 5 680 Dey et al., 2000 

- Tilapia (polyculture) 6 593 Dey et al., 2000 

Crustaceans n.d.  

Molluscs 2 808 Biao & Kaijin, 2007 

Other aquatic animals n.d.  

d. Unspecified cultured species n.d.  

 

16.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in 

mainland China varies between US$1 091 and US$1 718 (Table 199). The reliability of the indicator is 

considered medium by taking into account the amount of data available for its compilation and the degree 

of coherence among available data sources. 

 

Table 199: Estimate of “fish-water productivity – value”, China 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries 

production (US$1 000) 
3 270 843–6 525 682 

 
Table 192 

b. National estimate of aquaculture production 

(US$1 000) 
35 323 643–54 282 928 

 
Table 194 

Water resources 

c. Inland water area (km2) 325 400  Table 185 

d. Aquaculture pond area (km2) 28 500  Table 186 

Fish-water productivity − value (US$/ha) 
[(a+b)/(c+d)] 

1 091–1 718 Medium 
 

 



205 

 

16.4 Employment and livelihood, China 

 

16.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2012, official figures reported by China to the FAO Fisheries and Aquaculture Department accounted 

for 5 914 388 inland fishers, 5 214 333 aquaculture farmers, and 891 800 people with an unspecified 

occupation (Table 200). 

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” is 

between 11 128 700 and 12 020 500 people, as the number of unspecified employed people is included in 

the largest value of the estimated range. The estimated “overall number of inland fishers and aquaculture 

farmers” is close to an earlier reported estimate of 9.6 million people reported by Kura et al., (2004). 

However, the official reported number of inland fishers is lower than both the median and the maximum 

number of inland fishers expected in China on the basis of the extent of water resources in the country 

and the average densities of inland fishers recorded in Asia in different types of inland waters (see 

section 16.4.2). 

 

The “average density of overall inland fishers and aquaculture farmers” is estimated to be between 31 and 

34 people/km² by dividing the “overall number of inland fishers and aquaculture farmers” over the 

“inland water area and aquaculture pond area” (353 900 km², Table 186).  

 

The reliability of the two compiled social indicators is considered medium because of the potential 

underestimation of the official reported number of inland fishers and aquaculture farmers and the 

occurence of 891 800 people with an unspecified occupation.  

 

Table 200: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, China 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 

5 914 388  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

750 000  BNP, 2008 

352 200  
World Bank, FAO & 

WorldFish Center, 2010 

b. Number of aquaculture farmers (people) 5 214 333  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

j. Number of people with unspecified occupation 

in the fisheries sector (people) 
891 800  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

c. Inland water area (km2) 325 400  Table 185 

d. Aquaculture pond area (km2) 28 500  Table 186 

Overall number of inland fishers and 

aquaculture farmers (people)  

(a+b) – (a+b+j) 

11 128 700–
12 020 500 

Medium  

 9 600 000  Kura et al., 2004 

Average density of overall inland fishers and 

aquaculture farmers (people/km²) 

[(a+b) – (a+b+j) /(c+d)] 

31–34 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 
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16.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 
 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by lakes, reservoirs, stocked reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Asia as reported by FAO (1995). 

In the case of China, the “calculated number of inland fishers based on the extent of different types of 

inland waters” is estimated to be between 14 719 000 and 33 291 000 people (Table 201). 

 

Table 201: Calculated number of inland fishers by type of water resource, China 

Inland waters 

Computed theoretical 

number of fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Asia* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Asia*  

(people/km2) 

(c) 

Coastal lagoons 1 628 562–6 956 883  83 516 19.5 83.3 

Lakes 75 405–989 405  22 850 3.3 43.3 

Reservoirs n.a.  n.d. 2.4 19 

Flooded areas 13 015 000–25 345 000  137 000 95 185 

Calculated 

number of inland 

fishers based on 

the extent of 

different types of 

inland waters 

14 719 000–33 291 000 Low  

*Source: FAO (1995). 
 Notes: Indicator values have been rounded; n.a. = not applicable; n.d.= no data. 

 

The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the analysed 

country.  

16.5 Protein supply, China 

 

16.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 

 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production. In China, the annual average 

“fish protein supplied by inland fish production” is estimated to be about 2 752 700 tonnes of proteins. 

The national average “fish-protein water productivity’, measured in kg/ha, is obtained by dividing the 

“fish protein supplied by inland fish production” by the extent of “inland water area and aquaculture pond 

area”. The resulting “fish-protein water productivity” indicator expresses the average content of fish 

proteins provided by one hectare of water area available to the inland fisheries sector, which in China was 

estimated to be about 78 kg/ha (Table 202). 

 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered high because of the existing information on the composition of 

inland capture fisheries and aquaculture production in the four groups of species considered.  
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Table 202: Estimates of “fish protein supplied by inland fish production” and related indicators, 

China 

Variable 

Proteins supplied 

 by inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Amount Reliability Source 

a. Freshwater and 

diadromous fish  173 850 2 262 053 2 435 903   

 FAO, 

2006−2016 

b. Crustaceans 31 028 255 376 286 404     

c. Molluscs 6 472 5 657 12 129     

d. Other aquatic animals 1 612 16 634 18 246     

e. Proteins calculated 

from official production 

figures in 2008–2012 

(tonnes) (a+b+c+d) 213 000 2 539 700 2 752 700 

 

  

f. Proteins calculated 

from non-official 

production estimate 

(tonnes) n.d. n.d. n.d. 

  
Fish protein supplied by inland fish production (tonnes ) (e; f) 2 752 700    High  

g. Inland water area (km2) 325 400   Table 185 

h. Aquaculture pond area (km2) 28 500   Table 186 

Fish-protein water productivity (kg/ha)  
[(e)/(g+h)×10] –[(f)/(g+h)×10] 

78    High 
  

Notes: Indicator values have been rounded. n.d. = no data. 
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17. INDIA 

 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

India. Table 203 provides an overview of all the values of the compiled indicators. 
 

Table 203: Summary of water-related indicators, India 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 67 500 17.1 

Percentage of inland water over country area (%) 2 17.1 

Percentage of permanent inland water over inland water area (%) 66 17.1 

Inland water area and aquaculture pond area (km²) 103 300 17.1 

Deep rice cultivated area (km2) 13 600 –29 600 17.1 

Lowland rice cultivated area (km2) 359 600–374 600 17.1 

Inland fish production – quantity (tonnes) 4 910 500 17.2 

Inland fish production – value (US$1 000) 815 728–1 672 731 17.2 

Aquaculture contribution to inland fish production – quantity (%) 76 17.2 

Aquaculture contribution to inland fish production – value (%) 73–81 17.2 

Fish-water productivity – quantity (kg/ha) 475 17.3 

Fish-water productivity – value (US$/ha) 294–874 17.3 

Overall number of inland fishers and aquaculture farmers (people) 10 467 100–10 975 300 17.4 

Calculated number of inland fishers based on the extent of 

different types of inland waters (people) 
3 897 000–8 374 000 17.4 

Average density of overall inland fishers and aquaculture farmers 

(people/km²) 
116–119 17.4 

Fish protein supplied by inland fish production (tonnes) 531 400 17.5 

Fish-protein water productivity (kg/ha) 51 17.5 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 

17.1 Water availability, India  
 

17.1.1 Estimates of “permanent inland waters” 

 

The most recent assessment of “permanent inland waters” (44 450 km2) is provided by the GLWD 

(Lehner and Doll, 2004), which maps the extent of lakes (12 357 km2), reservoirs (6 105 km2), rivers 

(10 718 km2) and coastal wetlands (15 270 km2). The overall extent of water resources mapped by Lehner 

and Doll (2004) is about 7 percent less than the extent (47 986 km2) reported by Sugunan (1997), which 

includes the extent of upland lakes (720 km2), reservoirs (31 534 km2), lagoons (1 905 km2), estuaries 

(2 850 km2), swamps and other wetlands (10 978 km2). 
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Following the approach used for this report, lagoons and estuaries were included as part of 

brackish water; mangrove areas (3 565 km2) were excluded. Moreover, it is reported that in India lagoons 

and estuaries are water resources commonly used by inland capture fisheries (Sugunan, 2010). 

 

The estimate provided by Lehner and Doll (2004) was chosen because it also included a river component, 

which was not explicitly considered in the list of water resources provided by Sugunan (1997). 

Nevertheless, the extent of 44 450 km2 is clearly an underestimate, as it does not well represent the river 

network with a length of about 29 000 km (Sugunan, 2010), which summed to the extent of canals create 

an estimated length of 173 287 km (Sugunan, 1997). 

 

17.1.2 Estimates of “seasonally flooded areas” 

 

There is very little information about the extent of “seasonally flooded areas” in the country, as different 

authors tend to report only the extent of seasonally floodplain lakes (beels). Beels are low-lying areas 

bordering large rivers, which are seasonally inundated by the overspill from the main river channel (Dutta 

et al., no date) and not the overall extent of the land area that are seasonally covered by water. The extent 

of the beels is reported to be between 2 022 km2 (Sugunan, 1997; Sugunan and Bhattacharya, 2000; 

Sugunan 2010) and 3 500 km2 (Dutta et al., no date). Also, GlobCover mapped a quite restricted and 

fragmented flooded area covering an overall area of 7 122 km2 (ESA, 2010). 

 

The only wider estimate of “seasonally flooded areas” is reported by Tockner and Standford (2002), who 

pinpointed the occurrence of about 23 000 km2 of fringing riverine floodplains along the Ganges and 

Brahmaputra basins, which are flood-prone areas usually heavily cultivated. 

 

Given the importance of the river network and the lack of a comprehensive estimate of flooded areas in 

the country, the regional estimate provided by Tockner and Standford (2002) was used as the current best 

available figure. However, the regional extent and the low accuracy reinforce the need for additional data 

to fill these data gaps. 

 

17.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” is estimated to be 67 500 km². “Inland water area” represents 2 percent 

of the entire country area (3 287 263 km², United Nations, 2011) and “permanent inland waters” 

constitute 66 percent of “inland water area” (Table 204). 

 

Table 204: Estimates of “inland water area” and related indicators, India 

Water resources Amount Reliability Source 

a. Permanent inland waters (km²) 
44 450  GIS: Lehner & Doll, 2004 

47 986  Non-GIS: Sugunan, 1997 

b. Seasonally flooded areas (km²) 
23 000  

Non-GIS: Tockner & Standford, 

2002 

7 112  GIS: ESA, 2010 

Regional estimates 

Flood-prone floodplains along the Ganges 

and Brahmaputra Rivers (km2) 
23 000  

Non-GIS: Tockner & Standford, 

2002 

Seasonal flooded lakes (km2) 2 022–3 500  

Non-GIS: Sugunan, 1997; Sugunan 

& Bhattacharya, 2000; Sugunan 

2010; Dutta et al., no date 

Inland water area (km²) (a+b) 
67 500 Low  

314 070  Non-GIS: FAO, 2005 

Percentage of permanent inland water 

over inland water area (%) 
66 Low  

Percentage of inland water over country 

area (%) 
2 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 
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By comparison, the extent of “inland water area” recorded in the FAOSTAT database is 314 070 km². 

The FAOSTAT value is derived from the difference between “country area” and “land area” (FAO, 

2005), which are official figures reported by the country to the FAO Statistics Department. This large 

difference is probably due to the fact that FAOSTAT figures consider river surfaces as their whole 

watershed. According to Bansil (1990), in India, the extent of all river basins of medium size cover an 

area of about 239 302 km2. 

 

The reliability of the “inland water area” and related indicators is considered low by taking into account 

the likely underestimation of the river component within the assessment of the extent of “permanent 

inland waters”, and a substantial uncertainty regarding the estimate of “seasonally flooded areas”. 

17.1.4 Estimates of “aquaculture pond area” and related indicators 

 

In 2009, official statistics reported to the FAO Fisheries and Aquaculture Department recorded an 

“aquaculture pond area” of about 35 800 km², of which 90 percent was used for freshwater and 

diadromous fish aquaculture (Table 205). 

 

When official statistics of 2009 are compared with the extent of “aquaculture pond area” (28 520 km²) 

reported in 2002 by Pillai and Katiha (2004), an increase has been recorded in the overall extent of the 

surface area used for aquaculture. However, this increase did not seem to have included the extent of 

aquaculture ponds used for freshwater crustacean cultivation, as the extent reported in 2009 (250 km²) is 

currently slightly lower than the estimate reported in 2003 (346 km²) by Kutty (2005). More information 

on shrimp aquaculture will support the correct interpretation of these data (Table 206). 

 

Table 205: Estimates of the “aquaculture pond area” and related indicators, India 

Farmed species Surface (km²) Reliability Source 

a. Freshwater pond aquaculture 

Freshwater and diadromous fish  32 383  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2009 

Carps 8 500  Ayyappan, 2006 

Crustaceans 
250  

FAO Fisheries and Aquaculture 

Department, unpublished data, 2009 

346  Kutty, 2005 

Molluscs n.d.   

Other aquatic animals n.d.   

b. Brackish-water pond aquaculture 

Freshwater and diadromous fish  1 216  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2009 

Crustaceans 1 924  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2009 

Other (shrimp) 1 520  Pillai & Katiha, 2004 

Molluscs n.d.   

Other aquatic animals n.d.   

c. Unspecified pond aquaculture    

Unspecified 
35 800  

FAO Fisheries and Aquaculture 

Department, unpublished data, 2009 

28 520  Pillai & Ratiha, 2004 

d. Estimated cage area n.d.   

Aquaculture pond area (a+b+c+d) 35 800 Medium  

Inland water area and aquaculture 

pond area 
103 300 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded n.d. = no data. 
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The extent of surface waters used by aquaculture as derived from estimated production intensities was 

assessed only for aquaculture production of carps, which in 2008 was reported to be about 

3 199 732 tonnes/year. Assuming that such carp production is carried out predominantly in extensive and 

semi-intensive aquaculture methods (Table 206), the overall extent of surface water needed for such carp 

production was estimated to be 7 300 km2. This calculated figure is very similar to the extent (8 500 km2) 

reported by Ayyappan (2006). 
 

Table 206: Calculated “aquaculture pond area” from estimated production intensities, India 

Farmed species 
Estimated production in 

2008 (tonnes) 

Estimated pond area 

(km²) 

a. Extensive aquaculture 

Freshwater and diadromous fish (carp) 863 928 4 320 

Catfish n.d. n.d. 

Crustaceans n.d. n.d. 

Molluscs n.d. n.d. 

Other aquatic animals n.d. n.d. 

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (carp) 1 919 839 2 743 

Catfish n.d. n.d. 

Crustaceans n.d. n.d. 

Molluscs n.d. n.d. 

Other aquatic animals n.d. n.d. 

c. Intensive aquaculture 

Freshwater and diadromous fish (carp) 415 965 277 

Catfish n.d. n.d. 

Crustaceans n.d. n.d. 

Molluscs n.d. n.d. 

Other aquatic animals n.d. n.d. 

Estimated extent of aquaculture ponds for a selected 

group of species (km²) (a+b+c) 
                                                     7 300 

Source: Hall et al. (2011). 

Notes: Bold highlights the data used. n.d. = no data 

 

Thus, the reliability of the “inland water area and aquaculture pond area” indicator is considered high 

because of the consistency found in the comparison with other data sources. 
 

17.1.5 Estimates of “deep rice” and “lowland cultivated areas” 

 

In India, the area cultivated with deep rice is estimated to be between 13 600 km2 and 29 600 km2, 

according to estimates reported, respectively, by Huke and Huke (1997) and by Halwart (1999). The 

cultivation of deep rice is quite limited, as it represents between 3 percent and 7 percent of the national 

rice crop area. There is a substantial agreement on the estimates of the national rice crop area reported by 

different sources (Table 207).  

 

In particular, the national crop area of 425 160 km2 reported by Huke and Huke (1997) is similar to the 

figure in the national agricultural statistics (432 278 km2) (Xiao et al., 2006) and to the figure 

(432 080 km2) reported by (Halwart, 1999). The analysis of remote sensing carried out by Xiao et al. 

(2006) detected a rice area of 344 470 km2, which is about 20 percent less than official national statistics 

of rice cultivation. This discrepancy has been attributed to the potential difficulty of the remote sensing 

algorithm to detect small plots of upland fields (Xiao et al., 2006). 
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Table 207: Estimates of “deep rice” and “lowland rice cultivated areas”, India 

Rice crop Surface (km²) Reliability Source 

a. Deep rice 
13 640  Non-GIS: Huke & Huke, 1997 

29 615  Non-GIS: Halwart, 1999 

b. Upland rice 
50 600  Non-GIS: Huke & Huke, 1997 

63 462  Non-GIS: Halwart, 1999 

c. National rice crop area area 

425 160  Non-GIS: Huke & Huke, 1997 

423 080  Non-GIS: Halwart, 1999 

432 278  Non-GIS: Xiao et al., 2006 

344 470  GIS: Xiao et al., 2006 

Deep rice cultivated area (a) 13 600–29 600 Low  

Lowland rice cultivated area (c − b) 359 600–374 600 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 
 

The lowland rice cultivated area is derived by considering the national rice crop area with the exclusion 

of the upland rice cultivated area. The lowland rice cultivated area is estimated to be between 

359 600 km2 and 374 600 km2, according to the estimates reported, respectively, by Halwart (1999) and 

Huke and Huke (1997). 

 

The reliability of the “deep rice cultivated area” and “lowland rice cultivated area” is considered low 

given the lack of updated information and the variability among different data sources. The deep rice and 

lowland cultivated areas have been assembled to test their potential use as a proxy for, respectively, 

traditional rice-fish integrated systems and for areas potentially interested in more modern rice-fish 

integrated systems. However, the gap between the two indicators is too wide and the indicators are not 

useful in this sense.  

 

17.2 Inland fish production, India 

 

17.2.1 Estimates of “inland capture fisheries production – quantity” 

 

The official statistics reported to the FAO Fisheries and Aquaculture Department between 2008 and 2012 

showed that the national average of inland capture fisheries production was about  

1 158 500 tonnes/year (Table 208). The national estimate of inland capture fisheries production was quite 

stable at around 800 000 tonnes/year for a decade, while in the period between 2008 and 2012 an average 

increase was recorded.   

 

The reliability of the “estimate of inland capture fisheries production – quantity” is considered medium 

since more information is required to confirm the reported production trend. For a correct interpretation, 

eventual discrepancies in the statistical recording procedure should be ruled out and potential reasons for 

such different trends over time should be identified. 

 

Table 208: Estimates of “inland capture fisheries production – quantity”, India 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 800 741  FAO, 2006−2016 

Average 2003–2007 762 579  FAO, 2006−2016 

Average 2008–2012 1 158 477  FAO, 2006−2016 

Estimate of inland capture 

fisheries production – quantity 
1 158 500  Medium 

 

Notes: Bold highlights the data used. Indicator values have been rounded. 
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17.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

The official statistics reported to the FAO Fisheries and Aquaculture Department between 2008 and 2012 

showed that the national average of non-marine aquaculture production was nearly 4 million tonnes. In 

India, aquaculture production has been steadily increasing, as the average aquaculture production 

recorded between 2008 and 2012 is almost double the average production recorded between 1998 and 

2002 (Table 209). 

 

Table 209: Estimates of “non-marine aquaculture production – quantity”, India 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 2 057 364  FAO, 2006−2016 

Average 2003–2007 2 839 268  FAO, 2006−2016 

Average 2008–2012 3 752 046  FAO, 2006−2016 

Estimate of non-marine aquaculture 

production – quantity 
3 752 000 Medium 

 

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

The reliability of the “estimate of non-marine aquaculture production – quantity” is considered medium 

since more information is required to confirm the reported production trend. 
 

17.2.3 Estimates of “inland capture fisheries production – value” 

 

Information on the price received by fishers using different market channels, characterized by a different 

number of intermediaries, was collected at different markets by Kumar et al. (2008). In particular, the 

first-sale price for Indian major carps (Catla catla, Labeo rohita, Cirrhinus mrigala ), hilsa (Tenualosa 

ilisha) and magur (Clarias batrachus) was collected at the Dadar fish market, which is primarily a 

freshwater fish market, and at the Howrah market, where the trade of these species is very common. The 

market values in Table 210 include the lowest and highest prices recorded in the two markets reported by 

Kumar et al. (2008), also taking into account the different market channels. 

 

Table 210: Estimates of first-sale prices of wild caught species, India 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and  

diadromous fish  
0.5–1 Estimated in this report 

Freshwater siluroids 0.6–2.9 Kumar et al., 2008 

Cyprinidae 
0.5–1 Kumar et al., 2008 

[1.1–1.5] Singh & Lakra, 2012 

Channa spp. 
1.8 Kumar et al., 2008 

[3.7–4.7] The Hindu, 2013 

Tenualosa ilisha 3.1–3.8 Kumar et al., 2008 

Crustaceans 2.4–5.5 Estimated in this report 

Macrobrachium rosenbergii 5.5 Kumar et al., 2008 

Penaeus spp. 2.4 Kumar et al., 2008 

Molluscs 0.5 Laxmilatha, 2013 

Other aquatic animals 

Rana spp. 1 Estimated in this report 

Notes: Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, or to 

dry, smoked or salted fish (see text for details). Bold highlights the data used.  

 

The price of the Indian major carps is reported to vary between US$0.5 and US$1 per kg. Thus, this price 

range was also applied to the group of freshwater and diadromous fish, for which no other specific 

information was found. The price of magur (Clarias batrachus) is reported to be between US$0.6 and 

US$2.9 per kg and was applied to the whole group of freshwater siluroids. 
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The first-sale price of hilsa (US$3.1–US$3.8 per kg) recorded at Howrah fish market is quite high 

compared with carps and catfish. However, hilsa, together with some crustaceans such as the giant river 

prawn (Macrobrachium rosenbergii), is considered one of the species with the highest market value 

(Kumar et al., 2008). 

 

In the lack of further information, the first-sale prices reported, respectively, for prawns (US$2.4/kg) and 

for the giant river prawn (US$5.5/kg) were also applied to the group of crustaceans. 

 

Usually, the price of mussels is lower than fish and depends upon the size, demand, season and 

non-availability of other food fishes. In 2008, the price of the green mussel, Perna viridis, a 

commercially important species in India, increased due to high demand but low production in that year. 

The reported price was about US$0.5/kg, although green mussels were sold at different prices in different 

landing sites (Laxmilatha, 2013). This price was used to compute the market value of the molluscs 

production. 

 

By using the first-sale prices reported in Table 210, the “estimated value of inland capture fisheries 

production”, recording an average production of 1 158 500 tonnes/year between 2008 and 2012, is 

assessed to be between US$815 million and US$1.7 billion per year (Table 211). 

 

Table 211: Estimates of “inland capture fisheries production – value” based on official statistics, 

India 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

 (US$1 000) 

Value using highest 

unit price 

(US$1 000 ) 

Freshwater and 

diadromous fish  0.5–1 438 965 219 483 438 965 

Siluroidei 0.6–2.9 134 992 80 995 391 477 

Cyprinidae 0.5–1 444 874 222 437 444 874 

Channa spp. 1.8 78 973 142 152 142 152 

Tenualosa ilisha 3.1-3.8 9 138 28 329 34 726 

Crustaceans  

Penaeus spp. 2.4 19 144 45 946 45 946 

Natantia 2.4–5.5 31 679 76 030 174 235 

Molluscs 0.5 707 353 353 

Other aquatic animals 

Rana spp. 1 4 4 4 

Total  1 158 500 815 728 1 672 731 

 

17.2.4 Estimates of “non-marine aquaculture production – value” 

 

Freshwater aquaculture in India is carp oriented. The joint share of three Indian major carps and three 

exotic carps in freshwater aquaculture production covers more than the 90 percent of overall aquaculture 

production  

 

The official farmgate prices, referring to year 2010, which are reported by the country to the FAO 

Fisheries and Aquaculture Department, are used as baseline values to calculate the value of aquaculture 

production in India. 

 

The official farmgate price of the Indian major carps (rohu, catla and mrigal) is reported to be between 

US$1.6 and US$1.8 per kg, while the official farmgate price for other carps is between US$1.2 and 

US$1.5 per kg. The higher prices of the Indian major carps compared with Chinese carps reflect 

consumer preferences in the country. 
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However, other authors reported lower farmgate prices for carps. In particular, Viswanatha et al. (2014) 

report that the farmgate price of the Indian major carps is about US$1.2/kg, while other authors report 

that the average farmgate value of Indian major carps is commonly found to be between US$0.5 and 

US$0.6 per kg (Ayyappan and Ahamad Ali, 2007; Chandra and Gupta, 2012) (Table 212). Therefore, the 

production of all carp species has also been valued using a unit price of US$0.5/kg. A similar price range 

of US$0.5−US$1.8 per kg was also applied to the group of freshwater and diadromous fish. 

 

Among farmed fish species, the highest price is found for Pengba (Osteobrama belangeri), a native fish 

of Myanmar, which has migrated in India in the State of Manipur through the river connection between 

the Chinwin River (in Myanmar) and Manipur River (in India). Pengba has an established population in 

the Manipur riverine system and Lake Loktak. Its taste is so appreciated that Pengba has become the 

“state fish” of Manipur. The species is also farmed, and is reported that it is usually sold at very high 

prices between US$6.6 and US$8.8 per kg (Lakra et al., no date), which is presumably a retail price. 

 

Table 212: Estimates of farmgate prices of aquaculture species, India 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and 

diadromous fish   
0.5–1.8 Estimated in this report 

0.6 Chandra & Gupta, 2012 

Catla catla 

0.5–1.8 Estimated in this report 

1.8 FAO, 2006−2016; unit price referred to 2010 

0.5 Ayyappan & Ahamad Ali, 2007 

1.2 
Viswanatha, Ramachandra Bhatta & Shankar, 2014;  

Ramakrishna et al., 2013 

0.4–1.9 Kumar et al., 2008 

Cirrhinus mrigala 

1.7 FAO, 2006−2016; unit price referred to 2010 

0.5 Ayyappan & Ahamad Ali, 2007 

1.2 
Viswanatha, Ramachandra Bhatta & Shankar, 2014;  

Ramakrishna, Shipton & Hasan, 2013 

Ctenopharyngodon idellus 
1.5 FAO, 2006−2016; unit price referred to 2010 

0.5 Ayyappan & Ahamad Ali, 2007 

Cyprinus carpio 
1.5 FAO, 2006−2016; unit price referred to 2010 

0.5 Ayyappan & Ahamad Ali, 2007 

Hypophthalmichthys molitrix 
1.5 FAO, 2006−2016; unit price referred to 2010 

0.5 Ayyappan & Ahamad Ali, 2007 

Labeo calbasu 

1.2 FAO, 2006−2016; unit price referred to 2010 

0.5 Ayyappan & Ahamad Ali, 2007 

[2.5-4] Borah, Gogoi & Rahman, 2014 

Labeo rohita 

1.6 FAO, 2006−2016; unit price referred to 2010 

0.5 Ayyappan & Ahamad Ali, 2007 

1.2 
Viswanatha, Ramachandra Bhatta & Shankar, 2014;  

Ramakrishna, Shipton & Hasan, 2013 

0.4–0.9 Kumar et al., 2008 

Osteobrama belangeri 
5.1 FAO, 2006−2016; unit price referred to 2010 

[6.6–8.8] Lakra, Venkateshwarlu & Madonna Thachil, no date 

Crustaceans 

Macrobrachium rosenbergii 
6.6 FAO, 2006−2016; unit price referred to 2010 

3.9 New, 2009 

Macrobrachium spp. 
6.6 Estimated in this report 

3.9 Estimated in this report 

Penaeus spp. 
5.8 FAO, 2006−2016; unit price referred to 2010 

2.0 Kumar et al., 2008 

Penaeus indicus 2.0–6.0 Estimated in this report 

Penaeus monodon 2.0–6.0 Viswanatha, Ramachandra Bhatta & Shankar, 2014 
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Species  
Unit price 

(US$/kg) 
Source 

2.2 Kumar et al., 2008 

5.7–6.0 Hasan et al., 2013 

5.8 FAO, 2006−2016; unit price referred to 2010 

2.6–6.5 Ayyappan & Ahamad Ali, 2007 

2.0 Kumar et al., 2008 

Penaeus vannamei 
2.0–6.6 Estimated in this report 

5.4 FAO, 2006−2016; unit price referred to 2010 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period of 

2008–12. Bold highlights the data used. 

 

The farmgate prices officially reported from the country for crustaceans is US$5.8/kg (FAO, 2006−2016), 

but lower farmgate prices have been reported, including US$3.9/kg for Macrobrachium rosenbergii 

(New, 2009) and a price between US$2 and US$2.6 per kg for Penaus spp. (Ayyappan and Ahamad Ali, 

2007; Kumar et al., 2008). 

 

By using the farmgate prices reported in Table 212, the “estimated value of inland capture fisheries 

production”, recording an average production of 3 752 000 tonnes/year between 2008 and 2012, is 

assessed to be between US$2.2 billion and US$7.3 billion per year (Table 213). 

 

Table 213: Estimates of “non-marine aquaculture production – value”, India 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using 

lowest unit 

price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and diadromous fish  0.5–1.8 243 688 121 844 438 639 

Catla catla 0.5–1.8 2 332 981 1 166 490 4 199 365 

Cirrhinus mrigala 0.5–1.7 194 311 97 155 330 328 

Ctenopharyngodon idellus 0.5–1.5 50 338 25 169 75 506 

Cyprinus carpio 0.5–1.5 37 291 18 645 55 936 

Hypophthalmichthys molitrix 0.5–1.5 184 606 92 303 276 909 

Labeo calbasu 0.5–1.2 7 625 3 813 9 150 

Labeo rohita 0.5–1.6 510 484 255 242 816 774 

Osteobrama belangeri 5.1–5.1 6 344 32 354 32 354 

Crustaceans n.d. n.a n.a n.a 

Macrobrachium rosenbergii 3.9–6.6 3 880 15 132 25 608 

Macrobrachium spp. 3.9–6.6 17 135 66 825 113 088 

Penaeus indicus 2–6 3 660 7 320 21 960 

Penaeus monodon 2–6 86 956 173 912 521 736 

Penaeus spp. 2–6 20 143 40 286 120 857 

Penaeus vannamei 2–6 52 606 105 212 315 636 

Total  3 752 000 2 221 702 7 353 848 

Notes: Bold highlights the data used. Indicator values have been rounded. 
n.d. = no data. 

 

17.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In India, the “inland fish production – 

quantity” between 2008 and 2012 supplied, on average, 5 million tonnes per year with an estimated value 

between US$3 billion and US$9 billion (Table 214). 
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The “aquaculture contribution to inland fish production” between 2008 and 2012 is estimated to be 

76 percent in terms of quantity and between 73 and 81 percent in terms of value. 

 

The reliability of the “inland fish production” and the “aquaculture contribution to inland fish 

production”, both assessed in terms of quantity and value, is considered high on the basis of available 

information on fish production and fish unit prices. 

 

Table 214: Estimates of “inland fish production” in quantity and value and related indicators, 

India 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest  

estimate 

a. Inland capture fisheries 

production  
1 158 500 n.a. 815 728 1 672 731 

Table 208, Table 210, 

Table 211 

b. Aquaculture production 3 752 000 n.a. 2 221 702 7 353 848 Table 209, Table 213  

Inland fish production 

(a+b) 
4 910 500 n.a. 3 037 430 9 026 579  

Aquaculture contribution 

to inland fish production 

(%) [b/(a+b)]×100 

76 n.a. 73 81  

Notes: Where the indicator is composed of only one value, the value appears in the lowest estimate column. n.a. = not applicable. 

 

17.3 Fish-water productivity, India 

 

17.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity’, measured in kg/ha, is obtained by dividing the 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In India, the annual “fish-water productivity – quantity” is estimated 

to be about 475 kg/ha (Table 215) and its reliability is considered medium. 

 

Table 215: Estimates of “fish-water productivity – quantity”, India 

Variable Amount Reliability Source 

Inland fish production 

a. National estimate of inland capture fisheries production (tonnes) 1 158 500  Table 208 

b. National estimate of aquaculture production (tonnes) 3 752 000  Table 209 

Water resources 

c. Inland water area (km2) 67 500  Table 204 

d. Aquaculture pond area (km2) 35 800  Table 205 

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 475 Medium  

 

The value of the “fish-water productivity – quantity” mostly reflects the fish-water productivity from 

inland capture fisheries rather than the fish-water productivity from aquaculture production. 

 

The estimated value “fish-water productivity – quantity”  is within the range of fish-water productivity 

recorded in natural floodplains and small reservoirs (Table 216); however, the fish-water productivity of 

semi-intensive aquaculture is usually ten times more intense (Table 217). 
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Table 216: Local-level estimate of fish-water productivity by types of water resource, India 

Lake 

(kg of fish/ha 

of water) 

Reservoir 

(kg of fish/ha  

of water) 

River 

(kg of fish/ha  

of water) 

Floodplain 

(kg of fish/ha  

of water) 

Rice paddy 

(kg of fish/ha  

of water) 

Source 

n.d. n.d. 

22 

Ganges 

River, middle 

stretch 

n.d. n.d. 
Gopal & Agarwal, 

2003 

24  

uplake lakes 

500 small reservoirs 

250 medium  reservoirs 

100 large reservoirs 

24–30 
173 

Assam beel 
n.d. Sugunan, 2010 

n.d. n.d. n.d. 
150–200 

Assam beel 
n.d. 

Chandra and 

Sharma, 2011 

n.d. n.d. n.d. 180 n.d. Tietze et al., 2007 

n.d. n.d. n.d. 50–400 n.d. 
van Zwieten et al., 

2011 

n.d. n.d. n.d. n.d. 100–200 Kutty, 1987 

 

Table 217: Local-level estimate of fish-water productivity by type of aquaculture system, India 

Farmed species 

Fish-water 

productivity 

(kg/ha) 

Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans 720 
Rajitha, Mukherjee & Vinu 

Chandran, 2007 

Molluscs n.d.  

Other aquatic animals n.d.  

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (carps) 5 699–5 853 Debnath et al., 2007 

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish  n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

d. Unspecified cultured species 
1 800 Das, 2006 

1 843 Pillai and Katiha, 2004. 

 

17.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area” 

(Table  218).  
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Table 218: Estimate of “fish-water productivity – value”, India 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
815 728–1 672 731 

 Table 208 

b. National estimate of aquaculture production (US$1 000) 2 221 702–7 353 848  Table 209 

Water resources 

c. Inland water area (km2) 67 500  Table 204 

d. Aquaculture pond area (km2) 35 800  Table 205 

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 294–874 Medium  

 

On the basis of available information on unit prices and the quantity of fish captured or cultured in the 

estimated “inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” 

indicator expresses the value of one hectare of water area available to the inland fisheries sector, which in 

India varies between US$294 and US$874. 

The reliability of the indicator is considered medium by taking into account the amount of data available 

for its compilation and the degree of coherence among available data sources. 

17.4 Employment and livelihood, India 

17.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2012, official figures reported by India to the FAO Fisheries and Aquaculture Department accounted 

for 6 327 470 inland fishers, 4 139 671 aquaculture farmers, and 508 186 people with an unspecified 

occupation in the fisheries sector (Table 219). 

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” is 

between 10 467 100 and 10 975 300 people, as the number of people with an unspecified occupation is 

included in the largest value of the estimated range. 

 

Table 219: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, India 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 6 327 470  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

b. Number of aquaculture farmers 

(people) 
4 139 670  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

j. Number of people with unspecified 

occupation in the fisheries sector 

(people) 

508 186  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

c. Inland water area (km2) 67 500  Table 204 

d. Aquaculture pond area (km2) 35 800  Table 205 

Overall number of inland fishers and 

aquaculture farmers (people)   

(a+b) – (a+b+j) 

10 467 100–10 975 300 Medium  

Average density of overall inland 

fishers and aquaculture farmers 

(people/km²) 

 [(a+b) – (a+b+j) /(c+d)] 

101–106 Medium  

Note:  Indicator values have been rounded. 
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The official reported number of inland fishers falls between the median (3 897 000 people) and the 

maximum number of inland fishers (8 374 000 people) expected in India on the basis of the extent of 

water resources in the country and the average densities of inland fishers recorded in Asia in different 

types of inland waters (see section 17.4.2). This suggests a possible underestimation of the official 

number of inland fishers since the calculated number of inland fishers is underestimated by the lack of 

information on the extent of the “inland water area”. 

 

The “average density of overall inland fishers and aquaculture farmers” is estimated to be between 101 

and 106 people/km² by dividing the “overall number of inland fishers and aquaculture farmers” over the 

“inland water area and aquaculture pond area” (103 300 km², Table 205). 

 

The reliability of the two compiled social indicators is considered medium in view of a potential 

underestimation of the official reported number of inland fishers and aquaculture farmers and the 

occurence of 508 186 people with an unspecified occupation.  

 

17.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 
 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by lakes, reservoirs, stocked reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Asia, as reported by FAO 

(1995). In the case of India, the “calculated number of inland fishers based on the extent of different 

types of inland waters” is estimated to be between 3 897 000 and 8 374 000 people (Table 220). 

 

The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the analysed 

country.  

 
Table 220: Calculated number of inland fishers by type of water resource, India 

Inland waters 

Computed 

theoretical number 

of fishers 

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Asia* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Asia*  

(people/km2) 

(c) 
Coastal lagoons 240 962–1 029 338  12 357 19.5 83.3 

Lakes 20 147–264 347  6 105 3.3 43.3 

Reservoirs n.a.  n.d. 2.4 19 

Flooded areas 3 635 650–7 079 950  38 270 95 185 

Calculated number 

of inland fishers 

based on the extent 

of different types of 

inland waters 

3 897 000–8 374 000 Low  

*Source: FAO (1995). 
Notes: Indicator values have been rounded. n.d. = no data; n.a.= not applicable.  

 

17.5 Protein supply, India 

 

17.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 

 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production. In India, the annual average 

“fish protein supplied by inland fish production” is estimated to be about 531 400 tonnes of proteins. The 
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national average “fish-protein water productivity”, measured in kg/ha, is obtained by dividing “fish 

protein supplied by inland fish production” by the extent of “inland water area and aquaculture pond 

area”. The resulting “fish-protein water productivity” indicator expresses the average content of fish 

proteins provided by one hectare of water area available to the inland fisheries sector, which in India is 

estimated to be about 51 kg/ha (Table 221).  

 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered high because of existing information on the composition of inland 

capture fisheries and aquaculture production in three out of the four species groups considered.  

 

Table 221: Estimates of “fish protein supplied by inland fish production” and related indicators, 

India 

Variable 

Proteins supplied 

by inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Amount Reliability Source 

a. Freshwater and 

diadromous fish  
120 657 388 876  509 533 

   FAO, 2006−2016 

b. Crustaceans 4 727 17 147 21 874     

c. Molluscs  16 n.d.  16     

d. Other aquatic animals n.d.  n.d.  n.d.     

e. Proteins calculated from 

official production figures 

in 2008–2012 (tonnes) 

(a+b+c+d) 

125 400 406 000 531 400 

 

  

f. Proteins calculated from 

non-official production 

estimate (tonnes) 

n.d. n.d. 

  
Fish protein supplied by inland fish production (tonnes ) (e; f) 531 400 High  

g. Inland water area (km2) 67 500 

 

Table 204 

h. Aquaculture pond area (km2) 35 800 

 

Table 205 

Fish-protein water productivity (kg/ha)  
[(e)/(g+h)×10] –[(f)/(g+h)×10] 

51 High 
  

Notes: Indicator values have been rounded. n.d. = no data. 
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18. THE LAO PEOPLE’S DEMOCRATIC REPUBLIC 

 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to the 

Lao People’s Democratic Republic. Table 222 provides an overview of all values of the compiled 

indicators. 

 

Table 222: Summary of water-related indicators, the Lao People’s Democratic Republic 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 10 800 18.1 

Percentage of inland water over country area (%) 5 18.1 

Percentage of permanent inland water over inland water area (%) 53 18.1 

Inland water area and aquaculture pond area (km²) 11 300 18.1 

Deep rice cultivated area (km2) n.d. 18.1 

Lowland rice cultivated area (km2) 3 509–3 920 18.1 

Inland fish production – quantity (tonnes) 182 700 18.2 

Inland fish production – value (US$1 000) 91 350–219 240 18.2 

Aquaculture contribution to inland fish production – quantity (%) 31–76 18.2 

Auaculture contribution to inland fish production – value (%) 36–84 18.2 

Fish-water productivity – quantity (kg/ha) 104–238 18.3 

Fish-water productivity – value (US$/ha) 89–305 18.3 

Overall number of inland fishers and aquaculture farmers (people) 30 000–1 700 000 18.4 

Calculated number of inland fishers based on the extent of 

different types of inland waters (people) 
504 000–1 091 000 18.4 

Average density of overall inland fishers and aquaculture farmers 

(people/km²) 
3–150 18.4 

Fish protein supplied by inland fish production (tonnes) 12 600 18.5 

Fish-protein water productivity (kg/ha) 11–26 18.5 

Note: n.d. = no data. 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 

18.1 Water availability, the Lao People’s Democratic Republic 

 

18.1.1 Estimates of “permanent inland waters” 

 

The major water resource in the Lao People’s Democratic Republic is the Mekong River, which flows 

through the country for 1 898 km and constitutes the border with Thailand and Myanmar for 1 155 km 

(Phonvisay, 2013). The Mekong River has a watershed, which covers about 97 percent of the national 

country area (Coates, 2002). Given the occurrence of mountain regions and the fact that it is a 

land-locked country, the river network represents the major water resource, especially in the northern part 

of the country. It should be noted that in the Lao People’s Democratic Republic there are important 

tributaries of the Mekong River and that overall the country contributes 35 percent of the average annual 
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flow of the Mekong River. There are also a few major reservoirs together with a number of smaller 

reservoirs used for hydropower and irrigation (Baran, Jantunen and Chong, 2007; Coates, 2002). 

 

The more recent estimate of “permanent inland waters” (5 747 km2) includes 3 047 km2 covered by the 

Mekong River and its tributaries; 960 km2 by reservoirs (Nam Ngum Reservoir 450 km2, Nam Theun 

450 km2, Houy Ho Reservoir 37 km2, Nam Leuk Reservoir 13 km2, Nam Mang Reservoir 10 km2); 

600 km2 by irrigation reservoirs and irrigation weirs; and 1 140 km2 by shallow lakes, swamps and 

wetlands (Phovinsay, 2013). 

 

This more recent estimate of “permanent inland waters” seems to be more updated than the previous one 

provided by the Department of Livestock and Fisheries (DLF, 2001), which includes 2 541 km2 covered 

by the Mekong River and its tributaries, 915 km2 by reservoirs, and 957 km2 by swamps and wetlands 

(DLF, 2001). 

 

By comparison, the GLWD (Lehner and Doll, 2004) mapped about one-third of the extent reported by the 

Department of Livestock and Fisheries (DLF, 2001), featuring only 1 020 km2 of rivers and 510 km2 of 

lakes and reservoirs. Therefore, the best available estimate of “permanent inland waters” is reported by 

Phonvisay (2013) and accounts for 5 747 km2. 

 

18.1.2 Estimates of “seasonally flooded areas” 

 

The assessment of the extent of “seasonally flooded areas” is rather challenging due to paucity of 

available data. The Laotian flood pattern is distinct from that of Cambodia or Thailand since floods in the 

Lao People’s Democratic Republic tend to be more “flashy” and frequent than in Thailand because of the  

relatively high rainfall in the Laotian mountains and the lack of regulation of its tributaries (FAO, 1999). 

 

Seasonally inundated areas are expected along the riparian areas along the Mekong River and around the 

Siphandone and the Khone Falls (Baran, Jantunen and Chong, 2007). The GLWD (Lehner and Doll, 

2004) mapped 5 017 km2 of marshes around the Mekong River. Currently, this is the only available 

estimate of “seasonally flooded areas” in the country. However, because of the relative low resolution of 

the GLWD, more information is needed to confirm this estimate. 

 

18.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” is estimated to be 10 800 km². “Inland water area” represents 5 percent 

of the entire country area (236 800 km², United Nations, 2011), and “permanent inland waters” constitute 

53 percent of “inland water area” (Table 223). 

 

By comparison, the extent of “inland water area” recorded in the FAOSTAT country database is 

6 000 km² and probably includes only the extent of “permanent inland waters”. The FAOSTAT figure is 

derived from the difference between “country area” and “land area” (FAO, 2008), which are official 

figures reported by the country to the FAO Statistics Department. 

 

The reliability of the “inland water area” and related indicators is considered low by taking into account 

that both “permanent inland waters” and “seasonally flooded areas” are estimated on the basis of 

available GIS data sources at low spatial resolution. 
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Table 223: Estimates of “inland water area” and related indicators, the Lao People’s Democratic 

Republic 

Water resources Amount Reliability Source 

a. Permanent inland waters (km²) 

5 747  Non-GIS: Phonvisay, 2013 

4 413  Non-GIS: DLF, 2001 

1 531  GIS: Lehner & Doll, 2004 

b. Seasonally flooded areas (km²) 
5 017  GIS: Lehner & Doll, 2004 

6  GIS: ESA, 2010 

Regional estimates 

Marshes along the Mekong River (km²) 5 017  GIS: Lehner & Doll, 2004 

Inland water area (km²) (a+b) 
10 800 Low  

6 000  Non-GIS: FAO, 2008 

Percentage of permanent inland water 

over inland water area (%) 
53 Low  

Percentage of inland water over country 

area (%) 
5 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

18.1.4 Estimates of “aquaculture pond area” and related indicators 

 

The largest and more recent estimate of the “aquaculture pond area” (460 km2) is reported by Phonvisay 

(2013). This figure is about double what was previously (260 km2) reported by the DLF (2001)  

(Table 224). 

 

Table 224: Estimates of the “aquaculture pond area” and related indicators, the Lao People’s 

Democratic Republic 

Farmed species Surface (km²) Reliability Source 

a. Freshwater pond aquaculture 

Freshwater and diadromous fish  
103  DLF, 2001 

220  Phonvisay, 2013 

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

b. Brackish-water pond aquaculture 

Freshwater and diadromous fish  n.d   

Crustaceans n.d   

Molluscs n.d   

Other aquatic animals n.d   

c. Unspecified pond aquaculture 

- Rice fish cultivated areas 
30  DLF, 2001 

50  Phonvisay, 2013 

- Oxbow lake and irrigation weirs 
129  DLF, 2001 

150  Phonvisay, 2013 

d. Estimated cage area n.d   

Aquaculture pond area (a+b+c+d) 460 Low  

Inland water area and aquaculture 

pond area 
11 300 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. n.d. = no data. 

 

However, it should be considered that irrigation development as well as excavations for road construction 

has resulted in an increased availability of canals suitable for aquaculture. Thus, it is estimated that in 

recent years the area of aquaculture ponds has increased by about 20 percent (Phommavong, 2010). 

 



231 

 

Usually, aquaculture ponds are quite small and completely rainfed. The outcome of different household 

surveys in several rural areas of the Lao People’s Democratic Republic revealed that households engaged 

in some aquaculture activities use an average pond size of 0.1–0.2 ha (Lorenzen, Choulamany and Parvin 

Sultana, 2003; the Provincial Aquaculture Development Project, 1998). In addition, it is also reported that 

the giant snakehead (Channa spp.) is cultured in cages in the reservoir of Nam Ngum, but there is no 

further available information to estimate the cage extent (Phommavong, 2010). 

 

The reliability of the “inland water area and aquaculture pond area” indicator is considered low because 

of the lack of official statistics and the sparse amount of data available for its compilation. More 

information is clearly needed to update and substantiate the current development of aquaculture ponds. 
 

18.1.5 Estimates of “deep rice” and “lowland cultivated areas” 

 

In the Lao People’s Democratic Republic, the proportion of deep rice is expected to be relatively limited 

owing to the topography of the territory. In fact, a large part of the country is mountainous and about 

35 percent of the rice is grown upland (Xiao et al., 2006). Currently, there is no estimate available on the 

area cultivated with deep rice, and there is some variability in the estimates related to the national rice 

crop area (Table 225). The lower estimates are reported by Halwart (1999) and by Huke and Huke 

(1997); 15–17 percent higher values are recorded in the national agricultural statistics (7 380 km2) 

reported in Xiao et al. (2006) and in the Mekong River Commission database (7 186 km2) (Phonvisay, 

2013). The national rice crop area detected by remote sensing is 40 percent higher than the national rice 

cultivated area reported by Huke and Huke (1997). 

 

The lowland rice cultivated area is derived by considering the national rice crop area with the exclusion 

of the upland rice cultivated area. The lowland rice cultivated area is estimated to be between 3 500 km2 

and 3 900 km2 according to the estimates reported, respectively, by Halwart (1999) and Huke and Huke 

(1997) (Table 225). 

 

Table 225: Estimates of “deep rice” and “lowland rice cultivated areas”, the Lao People’s 

Democratic Republic 

Rice crop Surface (km²) Reliability Source 

a. Deep rice n.d.   

b. Upland rice 
2 190  Non-GIS: Huke & Huke, 1997 

2 061  Non-GIS: Halwart, 1999 

c. National rice crop area  

5 570  Non-GIS: Halwart, 1999 

6 110  Non-GIS: Huke & Huke, 1997 

7 186  Non-GIS: Phonvisay, 2013 

7 380  Non-GIS: Xiao et al., 2006 

9 890  GIS: Xiao et al., 2006 

Deep rice cultivated area (a) n.d.   

Lowland rice cultivated area (c − b) 3 500–3 900 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. n.d. = no data. 

 

The reliability of the “lowland rice cultivated area” is considered low given the lack of updated 

information and the variability of the national rice area used for the indicator compilation. The deep rice 

and lowland cultivated areas have been designed to be used together to test their potential use as a proxy 

for, respectively, traditional rice-fish integrated systems and for areas potentially interested in more 

modern rice-fish integrated systems. Because of the sparse data availability, the indicators are not useful 

in this sense.  
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18.2 Inland fish production, the Lao People’s Democratic Republic 

 

18.2.1 Estimates of “inland capture fisheries production – quantity” 

 

The five-year averages of inland capture fisheries production are based on official data reported by the 

country (FAO, 2006–2016). A slight increase was reported in the average of 2008–12 compared with the 

previous five-year periods (Table 226). Official figures of inland capture fisheries production have been 

reported between 29 000 and 32 000 tonnes/year. 

 

Official statistics have been strongly criticized for being unrealistic estimates. This is due to a major issue 

of data deficiency and the current lack of data collection based on surveys and research on fisheries 

activities (Coates, 2002). 

 

According to van Zalinge et al. (2004), the real production of inland capture fisheries is almost six times 

higher than the officially reported statistics and official figures, which are likely to consider only 

production coming from reservoir fish catches. 

 

The reliability of the national “estimate of inland capture fisheries production – quantity” is considered 

low because of the existing divergence between the official and non-official estimates on inland capture 

fisheries production. 

 
Table 226: Estimates of “inland capture fisheries production – quantity”, the Lao People’s 

Democratic Republic 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 28 675  FAO, 2006−2016 

Average 2003–2007 28 299  FAO, 2006−2016 

Average 2008–2012 31 641  FAO, 2006−2016 

National yearly fish production 150 000–200 000  Coates, 2002 

National yearly fish production 182 700  van Zalinge et al., 2004 

Regional estimates 

Total reservoir annual fish catch 29 250  van Zalinge et al., 2004 

Luang Prabang – annual fish 

production 
10 000–15 000  Sjorslev, 2000 

Nam Ngum Reservoir – annual 

fish production 
6 833  

Baran, Jantunen & Chong, 

2007 

Estimate of inland capture 

fisheries production – quantity 
31 600–182 700 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 
 

18.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

The five-year averages of aquaculture production are based on official data reported by the country 

(FAO, 2006–2016). The current production is about 83 800 tonnes/year (Table 227). Some authors 

believe that the importance of aquaculture in the Lao People’s Democratic Republic is greatly 

overestimated (Lorenzen, Choulamany and Parvin Sultana, 2003).  

 

The reliability of the current national “estimate of non-marine aquaculture production – quantity” is 

considered medium since more information is required to confirm the current level of production. 
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Table 227: Estimates of “non-marine aquaculture production – quantity”, the Lao People’s 

Democratic Republic 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 40 672  FAO, 2006−2016 

Average 2003–2007 62 610  FAO, 2006−2016 

Average 2008–2012 83 779  FAO, 2006−2016 

Estimate of non-marine aquaculture 

production – quantity 
83 800 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 
18.2.3 Estimates of “inland capture fisheries production – value” 

 

There is substantial lack of information related to the first-sale price of wild caught fish in the 

Lao People’s Democratic Republic. The estimate of Sverdrup-Jensen (2002) is outdated and refers to the 

whole Mekong River Basin; therefore, it can be considered only as a minimum reference figure. The 

estimate of Bush (2004) provides an average price of capture fisheries in three districts of Savannakhet 

province. Although not specified in the text, the reported price of US$1.1/kg is likely to be the average 

retail price rather than the first-sale price (Table 228). 

 

Table 228: Estimates of first-sale prices of wild caught species, the Lao People’s Democratic 

Republic 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and diadromous fish  

0.5–1.2 Estimated in this report 

3.1 SEAFDEC, 2011 

1–1.8* Hortle, 2009 

1.89* Barlow et al., 2008 

[(1.1)] Bush, 2004 

(0.7) Sverdrup-Jensen, 2002 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period  
of 2008−12. Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, 

or to dry, smoked or salted fish (see text for details). Values with * refer to the whole Mekong River Basin. Indicator values have been rounded. 
Bold highlights the data used. 

 

More recent prices are still referred to the whole Mekong River Basin. In 2007, the Mekong River 

Commission interviewed 13 fisheries experts in the Lao People’s Democratic Republic, Cambodia and 

other international organizations in the Lower Mekong Basin through an e-mail questionnaire enquiring 

an expert-based estimation of the proportion of migratory fish in the overall capture fisheries production 

of the Lower Mekong Basin and their first-sale value (Mekong River Commission, 2007). 

 

From the outcomes of the questionnaire, it was assessed that in 2007 migratory fish made up 71 percent 

of the total yield and their first-sale value was estimated to be US$1.89/kg (Barlow, 2008). This value is 

also reported by Hortle (2009), in which the first-sale price of fish in the Mekong Basin was estimated to 

be between US$1 and US$1.8 per kg. 

 

It should be noted that the value reported by SEAFDEC (2011) of US$3.1kg as the price for freshwater 

fish species in the Lao People’s Democratic Republic is likely to be the retail price of fish sold in urban 

markets rather than the price at landing sites. A survey carried out in 2003–04 already pointed out high 

retail fish prices (US$2.6 kg) in Vientiane (Phonvisay et al., 2006). 

 

Considering the above information, but also taking into account that among the Mekong countries the 

Lao People’s Democratic Republic is the country with the lower GDP from inland capture fisheries, a 

conservative estimate of US$0.5−US$1.2 per kg is used to estimate the value of the inland capture 

fisheries production. 
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By using the first-sale prices reported in Table 228, the “estimated value of inland capture fisheries 

production”, recording an average production of 31 600 tonnes/year between 2008 and 2012, is assessed 

to be between US$15 million and US$38 million per year (Table 229). 

 

Table 229: Estimates of “inland capture fisheries production – value” based on official statistics, 

the Lao People’s Democratic Republic 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

 (US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and  

diadromous fish  
0.5–1.2 31 641 15 821 37 969 

Total 31 600 15 821 37 969 

 

The alternative estimate of inland capture fisheries production of 182 700 reported by van Zalinge et al. 

(2004) is valued using the estimates of US$0.5–US$1.2 per kg as the first-sale price for fish. 

Consequently, the inland capture fisheries production of 182 700 tonnes/year is estimated to have an 

average value between US$91 million and US$219 million per year (Table 230).  

 

Table 230: Estimates of “inland capture fisheries production – value” based on non-official figures, 

the Lao People’s Democratic Republic 

Species  
Unit price 

(US$/kg) 

van Zalinge 

et al., 2004 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and  

diadromous fish  
0.5–1.2 182 700 91 350 219 240 

Total 182 700 91 350 219 240 

 

By considering both official and non-official fish production figures, the “estimated value of inland 

capture fisheries production” in the Lao People’s Democratic Republic spans between US$15 million and 

US$219 million per year. 

 

18.2.4 Estimates of “non-marine aquaculture production – value” 

 

In 2009, the Southeast Asian Fisheries Development Center (SEAFDEC) estimated an overall value of 

aquaculture production based on an estimate of US$1.2/kg. Similarly, due to substantial lack of official 

data reported from the country, FAO (2006–2016) considers a price of US$1.5/kg for all aquaculture 

species in the Lao People’s Democratic Republic (Table 231). 

 

Table 231: Estimates of farmgate prices of aquaculture species, the Lao People’s Democratic 

Republic 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and  

diadromous fish  

1.0–1.5 Estimated in this report 

1.5 SEAFDEC, 2011 

[1.5] FAO, 2006−2016 

(1.3) Phillips, 2002 

(1.05) Sverdrup-Jensen, 2002 

(1.0) Bush, 2004 

Barbonymus gonionotus 
1.0–1.5 Estimated in this report 

1.5 FAO, 2006−2016 

Catla catla 
1.0–1.5 Estimated in this report 

1.5 FAO, 2006−2016 
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Species  
Unit price 

(US$/kg) 
Source 

Cirrhinus microlepis 
1.0–1.5 Estimated in this report 

1.5 FAO, 2006−2016 

Cirrhinus molitorella 
1.0–1.5 Estimated in this report 

1.5 FAO, 2006−2016 

Cirrhinus mrigala 
1.0–1.5 Estimated in this report 

1.5 FAO, 2006−2016 

Ctenopharyngodon idellus 
1.0–1.5 Estimated in this report 

1.5 FAO, 2006−2016 

Cyprinus carpio 

1.0–1.5 Estimated in this report 

1.5 FAO, 2006−2016 

[1.3] De Silva, 2008 

Hypophthalmichthys molitrix 

1.0–1.5 Estimated in this report 

1.5 FAO, 2006−2016 

[1.3] De Silva, 2008 

Hypophthalmichthys nobilis 
1.0–1.5 Estimated in this report 

1.5 FAO, 2006−2016 

 1.2–1.5 Estimated in this report 

Labeo rohita 
1.2 De Silva, 2008 

[1.3] De Silva, 2008 

Oreochromis niloticus 

1.0–1.5 Estimated in this report 

1.0 De Silva, 2008 

[1.3] De Silva, 2008 

Probarbus jullieni 
1.0–1.5 Estimated in this report 

1.5 FAO, 2006−2016 

Other aquatic animals 

Rana spp. 1.0  Estimated in this report 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period of 

2008–12. Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, or 

to dry, smoked or salted fish (see text for details). Bold highlights the data used. n.d.  = no data. 

 

As expected, the unit price of US$1.5/kg is higher than earlier reported estimates and refers to the 

aquaculture price in the Mekong River Basin (Bush, 2004; Phillips, 2002; Sverdrup-Jensen, 2002). 

However, the Lao People’s Democratic Republic compared with other Mekong countries is expected to 

have relatively lower prices, and thus a farmgate value of US$1.5/kg seems to be slightly overestimated. 

De Silva (2008) reported a retail price of US$1.3/kg for tilapia (Oreochromis niloticus), common carp 

(Cyprinus carpio) and silver carp (Hypophthalmichthys molitrix) compared with a higher price of 

US$1.4/kg for rohu (Labeo rohita). In the same publication, De Silva (2008) mentioned that the farmgate 

price is usually 2 000 kip (approximately US$0.2) lower than the retail price. Thus, by rescaling the 

reported values for retail prices, an estimated farmgate price of US$1/kg was used for all farmed 

species in the Lao People’s Democratic Republic, except for rohu, for which a farmgate price of 

US$1.2/kg was used. 

 

By using the farmgate prices reported in Table 231, the “estimated value of non-marine aquaculture 

production”, recording an average production of 83 800 tonnes/year between 2008 and 2012, is assessed 

to be between US$85 million and US$126 million per year (Table 232). 
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Table 232: Estimates of “non-marine aquaculture production – value”, the Lao People’s 

Democratic Republic 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

 (US$1 000) 

Value using 

highest unit price 

(US$1 000) 

Freshwater and  

diadromous fish  
1.0−1.5 

270 270 405 

Barbonymus gonionotus 1.0−1.5 6 629 6 629 9 943 

Catla catla 1.0−1.5 5 366 5 366 8 049 

Cirrhinus microlepis 1.0−1.5 5 094 5 094 7 642 

Cirrhinus molitorella 1.0−1.5 3 327 3 327 4 991 

Cirrhinus mrigala 1.0−1.5 4 999 4 999 7 498 

Ctenopharyngodon idellus 1.0−1.5 5 366 5 366 8 049 

Cyprinus carpio 1.0−1.5 6 192 6 192 9 287 

Hypophthalmichthys molitrix 1.0−1.5 8 540 8 540 12 809 

Hypophthalmichthys nobilis 1.0−1.5 7 009 7 009 10 513 

Labeo rohita 1.2-1.5 5 693 6 832 8 540 

Oreochromis niloticus 1.0−1.5 21 005 21 005 31 508 

Probarbus jullieni 1.0−1.5 4 269 4 269 6 403 

Other aquatic animals n.d. n.d. n.d. n.d. 

Rana spp 1.0 21 21 21 

Total 83 800 84 918 125 658 

 

18.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production (Table 223). In the Lao People’s 

Democratic Republic, the “inland fish production – quantity” between 2008 and 2012 supplied, on 

average, 115 000 tonnes per year with an estimated value between US$101 million and US$345 million. 

 

Table 233: Estimates of “inland fish production” in quantity and value and related indicators, the 

Lao People’s Democratic Republic 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest  

estimate 

a. Inland capture fisheries 

production 
31 600 182 700 15 821 219 240 Table 226, Table 230 

b. Aquaculture production 83 800 83 800 84 918 125 658 Table 227, Table 232 

Inland fish production 

(a+b) 
115 400 266 500 100 739 344 898  

Aquaculture contribution 

to inland fish production 

(%) [b/(a+b)]×100 

73 31  84 36  
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The “aquaculture contribution to inland fish production” made between 2008 and 2012 was estimated to 

be between 31 and 73 percent in terms of quantity and between 36 and 84 percent in terms of value.  

 

The reliability of the “inland fish production” and the “aquaculture contribution to inland fish 

production”, both assessed in terms of quantity and value, is considered low considering the divergence 

of existing estimates of “inland fish production – quantity”, which affects all other economic indicators.  

 

18.3 Fish-water productivity, the Lao People’s Democratic Republic 

 

18.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In the Lao People’s Democratic Republic, the annual “fish-water 

productivity – quantity” is estimated to be between 102 and 236 kg/ha (Table 234) and its reliability is 

considered medium. 

 

Table 234: Estimates of “fish-water productivity – quantity”, the Lao People’s Democratic 

Republic 

Variable Amount Reliability Source 

Inland fish production 

a. National estimate of inland capture fisheries production 

(tonnes) 
31 600–182 700  Table 226 

b. National estimate of aquaculture production (tonnes) 83 800  Table 227 

Water resources 

c. Inland water area (km2) 10 800  Table 223 

d. Aquaculture pond area (km2) 460  Table 224 

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 102–236 Medium  

 

The indicator value is intermediate between characteristic fish-water productivities from inland capture 

fisheries (Table 235) and those from pond aquaculture production (Table 236). It should be considered 

that the major share of inland fish production comes from rivers where the fish-water productivity is 

generally lower than other types of natural water resources. As an indicative figure, in the Lao People’s 

Democratic Republic, the fish-productivity from the Mekong River is reported to be 70 kg/ha (Chong et 

al., no date).  

 

On the contrary, small-scale and subsistence types of aquaculture activities, mainly carried out at the 

household level, have an indicative fish-water productivity between 650 and 950 kg per ha. 

 

Table 235: Local-level estimate of fish-water productivity by types of water resource, the Lao 

People’s Democratic Republic 

Lake 

(kg of fish/ha 

of water) 

Reservoir 

(kg of fish/ha  

of water) 

River 

(kg of fish/ha  

of water) 

Floodplain 

(kg of fish/ha  

of water) 

Rice paddy 

(kg of fish/ha  

of water) 

Source 

n.d. 
143 

Nam Ngum Reservoir 
n.d. n.d. n.d. 

Baran, Jantunen & 

Chong, 2007 

n.d. 
40–173 

Nam Ngum Reservoir 
n.d. n.d. n.d. Mattson et al., 2001 

n.d. 
36–176 

small reservoirs 
n.d. n.d. 4–230 Lorenzen et al., 2004 

n.d. 
60–150* 

 

70 

Mekong River 
n.d. n.d. Chong et al., no date 

n.d. n.d. n.d. n.d. 4–60 Phommavong, 2010 
*stocked with fish 

Note: n.d. = no data. 
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Table 236: Local-level estimate of fish-water productivity by type of aquaculture system, the 

Lao People’s Democratic Republic 

Farmed species 

Fish-water 

productivity 

(kg/ha) 

Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

d. Unspecified cultured species 

788–932 
The Provincial Aquaculture 

Development Project, 1998 

650 
Lorenzen, Choulamany & Parvin 

Sultana, 2003b 

 

18.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in the 

Lao People’s Democratic Republic varies between US$89 and US$305 (Table 237). 

 

The reliability of the indicator is considered medium by taking into account the amount of data available 

for its compilation and the degree of coherence among available data sources. 

 

Table 237: Estimate of “fish-water productivity – value”, the Lao People’s Democratic Republic 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
15 821–219 240 

 
Table 226 

b. National estimate of aquaculture production (US$1 000) 84 918–125 658  Table 227 

Water resources 

c. Inland water area (km2) 10 800  Table 223 

d. Aquaculture pond area (km2) 460  Table 224 

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 89–305 Medium  
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18.4 Employment and livelihood, the Lao People’s Democratic Republic 

 

18.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

The only official number of inland fishers and aquaculture farmers reported to the FAO Fisheries and 

Aquaculture Department refers to the year 1990 and accounts for a total unspecified number of 

30 000 people (Table 238). 

 

Table 238: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, the Lao People’s Democratic Republic 

Variable  Amount Reliability Source 

a. Number of inland fishers 1 700 000  Coates, 2002 

b. Number of aquaculture farmers 

(people) 
n.d.   

j. Number of people with unspecified 

occupation in fisheries sector 

(people) 

30 000  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 1990 

c. Inland water area (km2) 10 800  Table 223 

d. Aquaculture pond area (km2) 460  Table 224 

Overall number of inland fishers and 

aquaculture farmers (people)  

(a+b) – (a+b+j) 

30 000–1 700 000 Low  

Average density of overall inland 

fishers and aquaculture farmers 

(people/km²) [ (a+b) – (a+b+j)/(c+d)] 

3–150 Low  

Notes: Indicator values have been rounded. n.d. = no data. 

 

This figure does not reflect the importance of the inland fisheries sector in the country and the fact that 

most households engage in seasonal or occasional fishing activity as well as aquaculture for their 

subsistence. A non-official estimate of 1 700 000 inland fishers has been provided by Coates (2002), 

extrapolating the result of a survey carried out in the Luang Prabang province where 83 percent of 

households are involved in fisheries and within each household, on average, 41 percent of household 

members are involved in fishing activities. 

 

The estimate of 1 700 000 inland fishers is close to the maximum number of inland fishers 

(1 091 000 people) calculated on the basis of the extent of water resources in the country and the average 

densities of inland fishers recorded in Asia in different types of inland water (see section 18.4.2). 

 

It should be noted that the predominance of the river network in the country contributes to potentially 

underestimate the estimated “inland water area” and consequently could underestimate the calculated 

number of inland fishers.  

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” is 

between 30 000 and 1 700 000 people, which divided by the “inland water area and aquaculture pond 

area” (11 300 km², Table 224), gives an “average density of overall inland fishers and aquaculture 

farmers” between 3 and 150 people/km². 

 

The reliability of the two compiled social indicators is considered low on the basis of the wide range of 

the indicator and the occurrence of outdated and likely underestimated official reported numbers of 

inland fishers and aquaculture farmers. 
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18.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 

 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by lakes, reservoirs, stocked reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Asia, as reported by FAO 

(1995). In the case of the Lao People’s Democratic Republic, the “calculated number of inland fishers 

based on the extent of different types of inland waters” is estimated to be between 504 000 and 1 091 000 

people (Table 239). 

 

Table 239: Calculated number of inland fishers by type of water resource, the Lao People’s 

Democratic Republic 

Inland waters 

Computed 

theoretical 

number of 

fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Asia* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Asia*  

(people/km2) 

(c) 

Coastal lagoons 22 230–94 962  1 140 19.5 83.3 

Lakes 5 148–67 548  1 560 3.3 43.3 

Reservoirs n.a.  n.d. 2.4 19 

Flooded areas 476 615–928 145  5 017 95 185 

Calculated number of 

inland fishers based on 

the extent of different 

types of inland waters 

504 000–

1 091 000 
Low 

 

*Source: FAO (1995).  

Notes: Indicator values have been rounded. n.d. = no data; n.a.= not applicable.  
 

The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the analysed 

country.  

18.5 Protein supply, the Lao People’s Democratic Republic  

18.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 
 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production. In the Lao People’s 

Democratic Republic, the annual average “fish protein supplied by inland fish production” is estimated to 

be between 12 600 and 29 000 tonnes of proteins. The national average “fish-protein water productivity”, 

measured in kg/ha, is obtained by dividing the “fish protein supplied by inland fish production” by the 

extent of the “inland water area and aquaculture pond area”. The resulting “fish-protein water 

productivity” indicator expresses the average content of fish proteins provided by one hectare of water 

area available to the inland fisheries sector, which in the Lao People’s Democratic Republic was 

estimated to be between 11 and 26 kg/ha (Table 240).  
 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered low because of the wide range of values, which is caused by the 

divergence of existing estimates of inland capture fisheries production and the lack of information on the 

composition of inland capture fisheries and aquaculture production in the four groups of species 

considered. 
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Table 240: Estimates of “fish protein supplied by inland fish production” and related indicators, 

the Lao People’s Democratic Republic 

Variable 

Proteins supplied 

by inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Total Reliability Source 

a. Freshwater and 

diadromous fish  
3 449 9 130 12 579 

  

 FAO, 

2006−2016 

b. Crustaceans n.d. n.d. n.d.     

c. Molluscs n.d.  n.d.  n.d.     

d. Other aquatic animals n.d.  n.d.  n.d.     

e. Proteins calculated from 

official production figures 

in 2008–2012 (tonnes) 

(a+b+c+d) 

3 400 9 100 12 600–29 000 

 

  

f. Proteins calculated from 

non-official production 

estimate (tonnes) 

19 900 9 100 29 000 

  
Fish protein supplied by inland fish production (tonnes ) (e; f) 12 600–29 000 Low  

g. Inland water area (km2) 10 800   Table 223 

h. Aquaculture pond area (km2) 460   Table 224 

Fish-protein water productivity (kg/ha) 

 [(e)/(g+h)×10] – [(f)/(g+h)×10] 
11–26 Low 

  

Notes: Indicator values have been rounded. n.d. = no data. 
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19. MYANMAR 

 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

Myanmar. Table 241 provides an overview of all the values of the compiled indicators. 

 

Table 241: Summary of water-related indicators, Myanmar 

National-level indicator Amount 
Description 

in section 

Inland water area (km²) 95 200 19.1 

Percentage of inland water over country area (%) 14 19.1 

Percentage of permanent inland water over inland water area (%) 15 19.1 

Inland water area and aquaculture pond area (km²) 97 000 19.1 

Deep rice cultivated area (km2) 3 620 19.1 

Lowland cultivation area (km2) 60 710 19.1 

Inland fish production – quantity (tonnes) 1 025 200 19.2 

Inland fish production – value (US$1 000) 717 671–1 845 439 19.2 

Aquaculture contribution to inland fish production – quantity (%) 42 19.2 

Aquaculture contribution to inland fish production – value (%) 54–37 19.2 

Fish-water productivity – quantity (kg/ha) 182 19.3 

Fish-water productivity – value (US$/ha) 159–302 19.3 

Overall number of inland fishers and aquaculture farmers (people) 1 795 600–2 193 200 19.4 

Calculated number of inland fishers based on the extent of different 

types of inland waters (people) 
7 952 000–16 118 000 19.4 

Average density of overall inland fishers and aquaculture farmers 

(people/km²) 
19–23 19.4 

Fish protein supplied by inland fish production (tonnes) 192 100 19.5 

Fish-protein water productivity (kg/ha) 20 19.5 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 

19.1 Water availability, Myanmar 

 

19.1.1 Estimates of “permanent inland waters” 

 

In Myanmar, the extent of the “permanent inland waters” (14 157 km2) includes a vast network of 

riverine and estuarine systems related to the Irrawaddy River (2 150 km), the Chindwin River (844 km), 

the Sittaung River (563 km), the Thalwin River (2 400 km), and a small part of the Mekong River 

(4 880 km) (Coates, 2002). In addition, there are some natural lakes (Lake Inlay and Lake Inndawgyi 

Logotok, Lake Inle and Lake Er Hai), and over hundreds of artificial reservoirs that cover about 8 percent 

(about 1 157 km2) of the total extent of the “permanent inland waters” (FAO, 2003; De Silva and Funge-

Smith, 2005). 
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The amount of “permanent inland waters” (14 157 km2) reported by De Silva (1988) is similar to the area 

of 13 327 km2 related to natural lakes, reservoirs, river systems and ponds reported by Cho (1997) and by 

FAO (2003). The GLWD (Lehner and Doll, 2004) maps a relative limited extent of lakes (1 853 km2), 

reservoirs (92 km2) and rivers (4 388 km2), but detects a relatively high extent of coastal wetlands 

(16 960 km2). 

 

Altogether, the estimate of “permanent inland waters” reported by De Silva (1988) is considered a 

preferable data source because in the same data source an estimate of “seasonally flooded areas” was also 

available so that potential double counting could be avoided. 

 

19.1.2 Estimates of “seasonally flooded areas” 

 

“Seasonally flooded areas” in Myanmar are estimated to be about 81 000 km2, which are mostly found 

along the Irrawaddy/Ayeyarwady River (De Silva, 2010; FAO, 2003), which according to Welcomme 

(1979) has an inundated area of 31 000 km2. Oo (2002) also reported that in Myanmar there are 

60 000 km2 of floodplains that remain inundated for four to five months of the year. 

 

The importance of “seasonally flooded areas” is particularly relevant in Myanmar. Along the river banks 

and deltas, especially of the Irrawaddy River, there are “lease fisheries” operating on fenced fishing 

grounds. Leaseholders have exclusive rights to fish in the leased area. 

 

During the rainy season, migrating fish move with incoming water flow into the fenced fishing grounds 

and are later trapped or caught (Coates, 2002). In addition, rivers and flooded areas are also exploited by 

“open fisheries” activities having free access to water resources outside lease fishing grounds and using 

different type of fishing gear (Coates, 2002). 

 

19.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” in Myanmar is estimated to be 95 200 km². “Inland water area” 

represents 14 percent of the entire country area (676 578 km², United Nations, 2011) and “permanent 

inland waters” constitute 15 percent of “inland water area” (Table 242). 

 

Table 242: Estimates of “inland water area” and related indicators, Myanmar 

Water resources Amount Reliability Source 

a. Permanent inland waters (km²) 

14 157  Non-GIS: De Silva, 1988 

13 327  Non-GIS: Cho, 1997 

13 000  Non-GIS: FAO, 2003 

23 292  GIS: Lehner & Doll, 2004 

b. Seasonally flooded areas (km²) 
81 000  Non-GIS: De Silva, 1988 

60 000  Non-GIS: Oo, 2002 

Regional estimates 

Seasonally flooded areas in the Irrawaddy 

floodplains (km2) 
31 000  Non-GIS: Welcomme, 1979 

Inland water area (km2) (a+b) 
95 200 Medium  

23 300  Non-GIS: FAO, 2011 

Percentage of permanent inland water 

over inland water area (%) 
15 Medium  

Percentage of inland water over country 

area (%) 
14 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

By comparison, the extent of “inland water area” recorded in the FAOSTAT country database is 

23 300 km², which probably accounts only for “permanent inland waters”. This figure is derived from the 

difference between “country area” and “land area” (FAO, 2011), which are official figures reported by 

the country to the FAO Statistics Department. 
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The reliability of the “inland water area” and related indicators is considered medium due to the need to 

confirm the current area covered by inland water resources, in particular related to the “seasonally 

flooded areas” within the Ayeyarwady floodplain. 

 

19.1.4 Estimates of “aquaculture pond area” and related indicators 

 

In 2008, official statistics reported to the FAO Fisheries and Aquaculture Department recorded an 

“aquaculture pond area” of about 1 800 km², of which about 50 percent was used for the culture of 

shrimp in brackish water and 50 percent for the culture of freshwater and diadromous fish aquaculture 

(Table 243). 

 

The reliability of the “inland water area and aquaculture pond area” indicator is considered medium 

because of the occurrence of official statistics for its compilation, which should be confirmed with more 

recent data. 

 

Table 243: Estimates of the “aquaculture pond area” and related indicators, Myanmar 

Farmed species 
Surface 

(km²) 
Reliability Source 

a. Freshwater pond aquaculture 

Freshwater and diadromous fish  871  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2008 

Crustaceans 30  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2008 

Molluscs n.d.   

Other aquatic animals n.d.   

b. Brackish-water pond aquaculture 

Freshwater and diadromous fish  6  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2008 

Crustaceans 884   

Molluscs n.d.   

Other aquatic animals n.d.   

c. Unspecified pond aquaculture 

d. Estimated cage area n.d.   

Aquaculture pond area (a+b+c+d) 1 800 Medium 
FAO Fisheries and Aquaculture 

Department, unpublished data, 2008 

Inland water area and aquaculture 

pond area 
97 000 Medium  

Notes: Indicator values have been rounded. n.d. = no data. 
 

19.1.5 Estimates of “deep rice” and “lowland cultivated areas” 

 

In Myanmar, the area cultivated with deep rice is estimated to be about 3 600 km2 according to the 

estimates reported by Huke and Huke (1997), which represents 6 percent of the national rice crop area. 

There is a fair consistency among the estimates of the national rice crop area reported by different 

sources. However, the value referred to as the national rice crop area (64 888 km2) was derived from the 

agriculture census statistics of the early 1990s, which Huke and Huke (1997) also considered for their 

estimate. 

 

The lowland rice cultivated area is derived by considering the national rice crop area with the exclusion 

of the upland rice cultivated area. The lowland rice cultivated area is estimated at about 60 700 by Huke 

and Huke (1997) (Table 244). 

 



247 

 

Table 244: Estimates of “deep rice” and and “lowland rice cultivation areas”, Myanmar 

Rice crop Surface (km²) Reliability Source 

a. Deep rice crop 
3 620  Non-GIS: Huke & Huke, 1997 

n.d.  Non-GIS: Halwart, 1999 

b. Upland rice crop 
2 140  Non-GIS: Huke & Huke, 1997 

n.d.  Non-GIS: Halwart, 1999 

c. National rice crop area area 

62 850  Non-GIS: Huke & Huke, 1997 

64 888  Non-GIS: Xiao et al., 2006 

67 240  GIS: Xiao et al., 2006 

Deep rice cultivated area (a)  3 620 Low  

Lowland rice cultivated area (c-b) 60 710 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. n.d. = no data. 

 

The reliability of the “deep rice cultivated area” and “lowland rice cultivated area” is considered low 

given the lack of updated information and some variability recorded between GIS and non-GIS sources 

related to the national rice crop area used in the indicator compilation. 

 

The deep rice and lowland cultivated areas have been assembled to test their potential use as a proxy for, 

respectively, traditional rice-fish integrated systems and for areas potentially interested in more modern 

rice-fish integrated systems. However, the gap between the two indicators is too wide and the indicators 

are not useful in this sense.  

 

19.2 Inland fish production, Myanmar 

 

19.2.1 Estimates of “inland capture fisheries production – quantity” 

 

The five-year averages of inland capture fisheries production are based on official data reported by the 

country (FAO, 2006–2016). Myanmar has a very comprehensive inland capture fisheries statistical 

system, and official national figures are believed to be representative (Coates, 2002). By examining the 

inland fish production trend, it is evident that the average fish production related to the years 2008–12 has 

doubled compared with the previous five-year period (Table 245). 

 

Table 245: Estimates of “inland capture fisheries production – quantity”, Myanmar 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 199 674  FAO, 2006−2016 

Average 2003–2007 519 340  FAO, 2006−2016 

Average 2008–2012 1 025 244  FAO, 2006−2016 

Annual inland fish production 600 000–900 000  Coates, 2002 

Estimate of inland capture 

fisheries production – quantity 
1 025 200 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

This increase has been explained by Coates (2002) as the result of improved management of lease 

fisheries, which was achieved through clearing of channels, planting trees, rehabilitation of river banks, 

improved access of fish to feeding/breeding grounds, improved fishing methods and use of fish pens. 

Moreover, earlier figures reported about 235 000 tonnes/year that did not include the amount of fish 

produced from rice fields and reservoirs (Coates, 2002). 

 

However, the current official figure has recently exceeded the estimate of 600 000–900 000 tonnes/year 

provided by Coates (2002) as a comprehensive amount of inland capture fisheries production. In this 

respect, it has been argued that the large annual increase reported for inland capture fisheries production 

appears to be rather more than that which a fishery can reasonably be expected to deliver (Needham and 

Funge-Smith, 2014). 
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The reliability of the national “estimate of inland capture fisheries production – quantity” is considered 

medium since more information is required to confirm the reported production trend. 

 
19.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

The national non-marine aquaculture production was estimated to be about 737 000 tonnes/year on the 

basis of official statistics reported to the FAO Fisheries and Aquaculture Department (FAO, 2006−2016). 

The average annual production between 2008 and 2012 has nearly doubled compared with the previous 

five-year period. In Myanmar, the rapid development in recent years of the aquaculture sector was driven 

by the increasing fish demand in local markets, by the large demand and high revenue from export 

markets, and by the government policy supporting the sector and encouraging the dissemination of 

integrated aquaculture methods. Currently, Myanmar is among the largest aquaculture producers of 

tilapia, barb and carp species (Soe, 2008).  

 

In 2002, aquaculture production in the country was mostly represented by twelve freshwater and 

diadromous fish, one freshwater prawn, and one marine shrimp (Oo, 2002; Win and Lay, 2004). The 

most popular cultured species is the rohu (Labeo rohita), an indigenous herbivore species that is very 

tolerant to a range of climatic and culture conditions. Whereas common carp (Cyprinus carpio) and other 

carp species are very common for household culture production, the striped catfish (Pangasius 

hypophthalmus), giant tiger prawn (Penaeus monodon), giant river prawn (Macrobrachium rosenbergii), 

and rohu (L. rohita) are mainly the cultured species for export. 

 

The reliability of the current national “estimate of non-marine aquaculture production – quantity” is 

considered medium since more information is required to confirm the reported production trend. 

 

Table 246: Estimates of “non-marine aquaculture production – quantity”, Myanmar 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 111 833   FAO, 2006−2016 

Average 2003–2007 424 520  FAO, 2006−2016 

Average 2008–2012 737 644  FAO, 2006−2016 

Estimate of non-marine aquaculture 

production – quantity 
737 600 Medium  

Note: Bold highlights the data used. Indicator values have been rounded. 

 

19.2.3 Estimates of “inland capture fisheries production – value” 

 

The Southeast Asian Fisheries Development Center (SEAFDEC) reported that the value of freshwater 

fish in Myanmar is US$1.5/kg (SEAFDEC, 2012). However, there is some variability in the prices 

reported by SEAFDEC for several capture species. In fact, in 2010, the lowest first-sale price of 

US$0.7/kg was reported for silver barb (Barbonymus gonionotus), silver carp (Hypophthalmichthys 

molitrix) and tilapia (Oreochromis spp.). A price of US$0.8/kg was reported for common carp (Cyprio 

carpio), grass carp (Ctenopharyngodon idellus) and Pangasius (Pangasius spp.). The highest prices of 

US$1.8/kg were recorded for mrigal carp (Cirrhinus mrigala) and torpedo catfish (Clarias spp.) 

(SEAFDEC, 2012). Therefore, the value of the inland capture fisheries production is assessed by using a 

range of prices between US$0.7 and US$1.8 per kg applied to the group of “freshwater and diadromous 

fish” (Table 247). 

 

By using the first-sale prices reported in Table 247, the “estimated value of inland capture fisheries 

production”, recording an average production of 1 025 200 tonnes/year between 2008 and 2012, is 

assessed to be between US$718 million and US$1.8 billion per year (Table 248). 
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Table 247: Estimates of first-sale prices of wild caught species, Myanmar 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and diadromous fish  
0.7–1.8 Estimated in this report 

1.2 SEAFDEC, 2012 

Barbonymus gonionotus 0.7 SEAFDEC, 2012 

Cirrhinus mrigala 1.8 SEAFDEC, 2012 

Clarias spp. 1.8 SEAFDEC, 2012 

Ctenopharyngodon idellus 0.8 SEAFDEC, 2012 

Cyprio carpio 0.8 SEAFDEC, 2012 

Hypophthalmichthys molitrix 0.7 SEAFDEC, 2012 

Oreochromis spp. 0.7 SEAFDEC, 2012 

Pangasius spp. 0.8 SEAFDEC, 2012 

Note: Bold highlights the data used. 
 

Table 248: Estimates of “inland capture fisheries production – value” based on official statistics, 

Myanmar 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and diadromous 

fish  
0.7–1.8 1 025 244 717 671 1 845 439 

Total 1 025 200 717 671 1 845 439 

 

19.2.4 Estimates of “non-marine aquaculture production – value” 

 

The official farmgate prices, referring to year 2010, which are reported by the country to the FAO 

Fisheries and Aquaculture Department are used as a baseline to calculate the value of aquaculture 

production. The main aquaculture fish species in the country is rohu (Labeo rohita), which accounts for 

70 percent of the average aquaculture production recorded between 2008 and 2012. The culture of rohu is 

very popular; in fact, in Myanmar, the taste of rohu and tilapia is often preferred to that of marine fish 

(Edwards, 2009) (Table 249). 

 

Table 249: Estimates of farmgate prices of aquaculture species, Myanmar 

Species 
Unit price 

(US$/kg) 
Source 

Freshwater and  

diadromous fish  

1.2 SEAFDEC, 2012 

[1.3] UN Comtrade, 2010 

[(1.0)] Soe, 2008 

Barbonymus gonionotus 0.9 FAO, 2006−2016 

Catla catla 1.5 FAO, 2006−2016 

Cirrhinus mrigala 1.9 FAO, 2006−2016 

Clarias spp. 1.9 FAO, 2006−2016 

Ctenopharyngodon idellus 1.2 FAO, 2006−2016 

Cyprinus carpio 1.6 FAO, 2006−2016 

Hypophthalmichthys molitrix 1.0 FAO, 2006−2016 

Hypophthalmichthys nobilis 1.0 FAO, 2006−2016 

 1.0–1.5 Estimated in this report 

Labeo rohita 1.5 FAO, 2006−2016 

1.0–1.2 Edwards, 2009 
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Species 
Unit price 

(US$/kg) 
Source 

Oreochromis spp. 1.0 FAO, 2006−2016 

Pangasius 1.0 FAO, 2006−2016 

Piaractus brachypomus 1.0 FAO, 2006−2016 

Rohtee ogilbii 0.6 FAO, 2006−2016 

Crustaceans 

Macrobrachium rosenbergii 

7.0 FAO, 2006−2016 

[3.5] UN Comtrade, 2010 

[(4.5)] Soe, 2008 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period of 

2008−12. Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, or 
to dry, smoked or salted fish (see text for details). Bold highlights the data used. n.d. = no data. 

 

During a field visit in the Ayeyarwady Delta, Edwards (2009) reported that a few interviewed 

aquaculture farmers were selling rohu between US$1 and US$1.2 per kg. FAO (2006–2016) considers the 

first-sale price of rohu to be US$1.5/kg. Thus, a conservative range of US$1−US$1.5 per kg is used to 

calculate the value of rohu aquaculture production. 

 

Among crustaceans, the only reported farmed species is the giant river prawn (Macrobrachium 

rosenbergii) with a farmgate price of US$7/kg. This value could be overestimated when considering that 

in 2010 the export price of crustaceans was estimated to be US$3.5/kg compared with the price of fish, 

which was reported to be US$1.3/kg (UN Comtrade, 2010). It should be considered that the farmgate 

price of the giant river prawn (M. rosenbergii) records great variability among Asian countries. In 

particular, a price of US$7/kg is usually recorded in Bangladesh, while prices of about US$3.8/kg are 

usually recorded in India and Thailand (New, 2009). 

 

By using the farmgate prices reported in Table 249, the “estimated value of non-marine aquaculture 

production”, recording an average production of 737 644 tonnes/year between 2008 and 2012, is assessed 

to be between US$827 million and US$1 billion per year (Table 250). 

 

Table 250: Estimates of “non-marine aquaculture production − value”, Myanmar 

Species  

Unit 

price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Barbonymus gonionotus 0.9 17 880 16 092 16 092 

Catla catla 1.5 44 146 66 219 66 219 

Cirrhinus mrigala 1.9 29 431 55 919 55 919 

Clarias spp. 1.9 7 358 13 980 13 980 

Ctenopharyngodon idellus 1.2 14 715 17 658 17 658 

Cyprinus carpio 1.6 22 073 35 317 35 317 

Hypophthalmichthys molitrix 1.0 8 568 8 568 8 568 

Hypophthalmichthys nobilis 1.0 10 301 10 301 10 301 

Labeo rohita 1.0–1.5 515 043 515 043 772 565 

Oreochromis 1.0 38 700 38 700 38 700 

Pangasius 1.0 15 994 15 994 15 994 

Piaractus brachypomus 1.0 7 358 7 358 7 358 

Rohtee ogilbii 0.6 2 632 1 579 1 579 

Macrobrachium rosenbergii 7.0 3 446 24 123 24 123 

Total  737 644 826 850 1 084 372 
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19.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In Myanmar, the “inland fish production 

– quantity” between 2008 and 2012 supplied, on average, nearly 2 million tonnes per year with an 

estimated value between US$1.5 billion and US$3 billion. The “aquaculture contribution to inland fish 

production” between 2008 and 2012 is estimated to be 42 percent in terms of quantity and between 

37 and 54 percent in terms of value (Table 251). 

 

The reliability of the “inland fish production” and the “aquaculture contribution to inland fish 

production”, both assessed in terms of quantity and value, is considered medium on the basis of available 

information on fish production and fish unit prices. 

 

Table 251: Estimates of “inland fish production” in quantity and value and related indicators, 

Myanmar 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest  

estimate 

a. Inland capture fisheries 

production  
1 025 200 n.a. 717 671 1 845 439 Table 245, Table 248 

b. Aquaculture production 737 644 n.a 826 850 1 084 372 Table 246, Table 250 

Inland fish production (a+b) 1 762 844 n.a 1 544 521 2 929 811  

Aquaculture contribution to 

inland fish production (%) 

[b/(a+b)]×100 

42 n.a 54 37  

Notes: Where the indicator is composed of only one value, the value appears in the lowest estimate column. n.a. = not applicable. 

 

   19.3 Fish-water productivity, Myanmar 

 

19.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In Myanmar, the annual “fish-water productivity – quantity” is 

estimated to be about 182 kg/ha (Table 252) and its reliability is considered medium. 

 

Table 252: Estimates of “fish-water productivity – quantity”, Myanmar 

Variable Amount Reliability Source 

Inland fish production 

a. National estimate of inland capture fisheries production (tonnes) 1 025 200  Table 245 

b. National estimate of aquaculture production (tonnes) 737 600  Table 246 

Water resources 

c. Inland water area (km2) 95 200  Table 242 

d. Aquaculture pond area (km2) 1 800  Table 243 

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 182 Medium  

 

The value of the “fish-water productivity – quantity” mostly reflects the fish-water productivity from 

inland capture fisheries rather than the fish-water productivity from aquaculture production.  

 

Given the importance of floodplain fisheries in the country, the estimated value “fish-water productivity – 

quantity”  is higher than the indicative figure (70 kg/ha) reported for the Mekong River (Chong et al., no 

date), and is within the range of fish-water productivity recorded in  reservoirs and natural floodplains 
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(Table 253), but almost twenty times lower than the fish-water productivity of carp aquaculture 

(Table 254). 

 

Table 253: Local-level estimate of fish-water productivity by types of water resource, Myanmar 

Lake 

(kg of fish/ha 

of water) 

Reservoir 

(kg of fish/ha  

of water) 

River 

(kg of fish/ha  

of water) 

Floodplain 

(kg of fish/ha  

of water) 

Rice paddy 

(kg of fish/ha  

of water) 

Source 

20–25 

Inle Lake 
150 n.d. 

450–680 

South Mandalay 

floodplain* 

n.d. FAO, 2003 

*stocked with fish 
Note: n.d. = no data. 

 

Table 254: Local-level estimate of fish-water productivity by type of aquaculture system, Myanmar 

Farmed species 
Fish-water productivity 

(kg/ha) 
Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Carps 3 465 FAO, 2006–2013 

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

d. Unspecified cultured species 

Mon State 1 116 FAO, 2006–2013 

Kachin State 2 158 FAO, 2006–2013 

Kayin State 2 512 FAO, 2006–2013 

Yangon Division 2 658 FAO, 2006–2013 

Saging Division 2 995 FAO, 2006–2013 

 

19.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in 

Myanmar varies between US$159 and US$302 (Table 255). 
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The reliability of the indicator is considered medium, as the relatively low estimate of  

US$159–US$302/ha at the national level is strongly influenced by the estimation of the “inland water 

area”, which should be confirmed with additional data.  

 

Table 255: Estimate of “fish-water productivity – value”, Myanmar 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
717 671−1 845 439  

Table 245 

b. National estimate of aquaculture production (US$1 000) 826 850−1 084 372  Table 246 

Water resources 

c. Inland water area (km2) 95 200  Table 242 

d. Aquaculture pond area (km2) 1 800  Table 243 

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 159−302 Medium  

 

19.4 Employment and livelihood, Myanmar 

 

19.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2012, official figures reported by Myanmar to the FAO Fisheries and Aquaculture Department 

accounted for 1 581 200 inland fishers and 214 445 aquaculture farmers. The official reported number of 

inland fishers is similar to the estimate provided by Coates (2002). On the contrary, earlier estimates of a 

higher number of aquaculture farmers in the country have been reported (Coates, 2002; Kyaw, 1998). 

 

The national inland fishers inventory is mostly carried out through the registration of licences for lease-

fishing grounds and some fishing gear, for which a licence is required. Coates (2002) points out that the 

reported estimate of 1 398 410 inland fishers does not cover reservoirs, rice-field fishers and small-scale 

occasional fishers using small fishing gear. 

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” is 

between 1 795 600 and 2 193 200 people, which divided by the “inland water area and aquaculture pond 

area” (97 000 km², Table 243), gives an “average density of overall inland fishers and aquaculture 

farmers” of 19–23 people/km² (Table 256). 

 

The large estimate of “seasonally flooded area” in Myanmar is responsible for the large discrepancy 

between the reported number of inland fishers and the calculated median (7 952 000 people) and 

maximum (16 118 000 people) number of inland fishers calculated on the basis of the water resources in 

the country and the average fishing densities recorded in Asia in different types of inland waters (see 

section 19.4.2). 

 

The reliability of the two compiled social indicators is considered low on the basis of a potential 

underestimation of the number of inland fishers and aquaculture farmers and the possible overestimation 

of the “inland water area”, which affected the estimation of the “average density of overall inland fishers 

and aquaculture farmers”. 
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Table 256: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Myanmar 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 
1 581 200  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

1 398 410  Coates, 2002 

b. Number of aquaculture farmers 

(people) 

214 445  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

400 000  Coates, 2002 

612 000  Kyaw, 1998 

c. Inland water area (km2) 95 200  Table 242 

d. Aquaculture pond area (km2)  1 800  Table 243 

Overall number of inland fishers and 

aquaculture farmers (people) (a+b) 
1 795 600–2 193 200 Low  

Average density of overall inland fishers 

and aquaculture farmers (people/km²) 

[(a+b)/(c+d)] 
19–23 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

19.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 

 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by lakes, reservoirs, stocked reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Asia, as reported by FAO 

(1995). In the case of Myanmar, the “calculated number of inland fishers based on the extent of different 

types of inland waters” is estimated to be between 7 952 000 and 16 118 000 people (Table 257). 

 

Table 257: Calculated number of inland fishers by type of water resource, Myanmar 

Inland waters 

Computed 

theoretical 

number of 

fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Asia* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Asia*  

(people/km2) 

(c) 

Coastal lagoons 
253 000–

1 082 900 
 13 000 19.5 83.3 

Lakes 3 818–50 098  1 517 3.3 43.3 

Reservoirs n.a.  n.d. 2.4 19 

Flooded areas 
7 695 000–

14 985 000 
 81 000 95 185 

Calculated number of 

inland fishers based on 

the extent of different 

types of inland waters 

7 952 000–

16 118 000 
Low  

*Source: FAO (1995). 

Notes: Indicator values have been rounded. n.a. = not applicable; n.d.= no data. 
 

The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the analysed 

country.  
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19.5 Protein supply, Myanmar 

 

19.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 
 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production. In Myanmar, the annual 

average “fish protein supplied by inland fish production” is estimated to be about 192 100 tonnes of 

proteins. The national average “fish-protein water productivity”, measured in kg/ha, is obtained by 

dividing the “fish protein supplied by inland fish production” by the extent of “inland water area and 

aquaculture pond area”. The resulting “fish-protein water productivity” indicator expresses the average 

content of fish proteins provided by one hectare of water area available to the inland fisheries sector, 

which in Myanmar was estimated to be about 20 kg/ha (Table 258).  

 

Table 258: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Myanmar 

Variable 

Proteins supplied 

by inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Total Reliability Source 

a. Freshwater and 

diadromous fish  111 752  80 028 191 780    FAO, 2006−2016 

b. Crustaceans n.d. 320 320     

c. Molluscs n.d. n.d. n.d.     

d. Other aquatic animals n.d. n.d. n.d.     

e. Proteins calculated from 

official production figures 

in 2008–2012 (tonnes) 

(a+b+c+d) 111 800 80 300 192 100 

 

  

f. Proteins calculated from 

non-official production 

estimate (tonnes) n.d. n.d. 

  
Fish protein supplied by inland fish production (tonnes) (e; f) 192 100 Low  

g. Inland water area (km2) 95 200 
 

Table 242 

h. Aquaculture pond area (km2) 1 800 
 

Table 243 

Fish-protein water productivity (kg/ha)  

[(e)/(g+h)×10] – [(f)/(g+h)×10] 
20 Low 

  

Notes: Indicator values have been rounded. n.d. = no data. 

 

The low estimate of the “fish-protein water productivity” indicator was affected by a likely 

overestimation of the “inland water area”.  

 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered low owing to the lack of information on the composition of the 

inland capture fisheries and aquaculture production in the four groups of species considered.  
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20. SRI LANKA 

 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

Sri Lanka. Table 259 provides an overview of all the values of the compiled indicators. 

 

Table 259: Summary of water-related indicators, Sri Lanka 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 3 800 20.1 

Percentage of inland water over country area (%) 6 20.1 

Percentage of permanent inland water over inland water area (%) 73 20.1 

Inland water area and aquaculture pond area (km²) 3 900 20.1 

Deep rice cultivated area (km2) 273 20.1 

Lowland rice cultivated area (km2) 7 356 20.1 

Inland fish production – quantity (tonnes) 54 400 20.2 

Inland fish production – value (US$1 000) 39 319–62 866 20.2 

Aquaculture contribution to inland fish production – quantity (%) 14 20.2 

Aquaculture contribution to inland fish production – value (%) 30–40 20.2 

Fish-water productivity – quantity (kg/ha) 164 20.3 

Fish-water productivity – value (US$/ha) 170–234 20.3 

Overall number of inland fishers and aquaculture farmers (people) 48 600–68 500 20.4 

Calculated number of inland fishers based on the extent of different 

types of inland waters (people) 
111 800–294 100 20.4 

Average density of overall inland fishers and aquaculture farmers 

(people/km²) 
13–18 20.4 

Fish protein supplied by inland fish production (tonnes) 6 800 20.5 

Fish-protein water productivity (kg/ha) 17 20.5 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 
20.1 Water availability, Sri Lanka  
 

20.1.1 Estimates of “permanent inland waters” 

 

Sri Lanka is characterized by relevant freshwater as well as coastal brackish waters. In particular, 

freshwater water resources are characterized by the occurrence of more than 100 rivers with a cumulative 

total length of about 4 565 km and an ancient system of artificial reservoirs (National Aquaculture 

Development Authority of Sri Lanka, 2010). 

 

The National Aquaculture Development Authority of Sri Lanka (2008) reported a detailed inventory of 

water resources, including large irrigation reservoirs (709 km2), medium irrigation reservoirs (170 km2), 

minor irrigation reservoirs (393 km2), upland reservoirs (81 km2), Mahaweli reservoirs (227 km2), as well 
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as lagoons and estuaries (800 km2) and shallow lagoons/tidal flats (400 km2), for a total extent of 

2 780 km2. 

 

According to the criteria adopted in this report, the extent of brackish-water resources such as mangroves 

and salt marshes, which have a relative small extent of 87 km2 and 198 km2, respectively (National 

Aquaculture Development Authority of Sri Lanka, 2010; Landesman, Amandakoon and Varley, 2009), 

will not be included among “permanent inland waters”. 

 

It should be noted that the reported estimate of 2 780 km2 does not consider the open waters of rivers and 

any freshwater marshes. Imbulana et al. (2006) reported an extent of reservoirs (1 798 km2) that is similar 

to the overall extent (1 580 km2) assessed by the National Aquaculture Development Authority of 

Sri Lanka (2008). They also reported an extent of 224 km2 for rivers. However, this estimate seems low 

considering the overall length of the river network (4 565 km). 

 

The GLWD (Lehner and Doll, 2004) does not provide any additional information, as it mapped only a 

minor portion (1 403 km²) of the surface waters of the amount recorded in the national water inventory. 

 

The estimate of “permanent inland waters” (2 780 km²), if taken alone, severely underestimates the 

existing water resources in the country; a better overall estimate is provided by the “inland water area”, 

which also includes an estimate of “seasonally flooded areas” and thus indirectly considers also the area 

of major rivers in the country. 

 

20.1.2 Estimates of “seasonally flooded areas” 

 

The best comprehensive estimate of seasonally flooded areas is given by the National Aquaculture 

Development Authority of Sri Lanka (2008). The estimate accounts for 1 000 km2 of seasonal tanks and 

40 km2 of “villus”, which are vegetated land areas that are seasonally saturated with water, retaining their 

connection to the main river for most of the year (De Silva, 1988). 

 

Different sources report an estimate of about 1 000 km2 of seasonal tanks (De Silva, 1988; Joseph, 2004; 

National Aquaculture Development Authority of Sri Lanka, 2008), which retain water only for  

6–8 months and are useful for culture-based fisheries. 

20.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” in Sri Lanka is estimated to be 3 800 km². “Inland water area” 

represents 6 percent of the entire country area (65 610 km², United Nations, 2011) and “permanent inland 

waters” constitute 73 percent of “inland water area” (Table 260). 

 

By comparison, the extent of “inland water area” recorded in the FAOSTAT country database is 

2 900 km². The FAOSTAT value is derived from the difference between “country area” and “land area” 

(FAO, 2013), which are official figures reported by the country to the FAO Statistics Department. 

 

The reliability of the “inland water area” and related indicators is considered low due to the lack of 

information on the river component and the need to confirm the estimate for existing “seasonally flooded 

areas” in the country.  
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Table 260: Estimates of “inland water area” and related indicators, Sri Lanka 

Water resources Amount Reliability Source 

a. Permanent inland waters (km²) 

2 780  

Non-GIS: National Aquaculture 

Development Authority of Sri 

Lanka, 2008 

2 122  Non-GIS: Imbulana et al., 2006 

1 403  GIS: Lehner & Doll, 2004 

b. Seasonally flooded areas (km²) 1 040  

Non-GIS: National Aquaculture 

Development Authority of 

Sri Lanka, 2008 

Inland water area (km2) (a+b) 
3 800 Low  

2 900  Non-GIS: FAO, 2013 

Percentage of permanent inland water 

over inland water area (%) 
73 Low  

Percentage of inland water over country 

area (%) 
6 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

20.1.4 Estimates of “aquaculture pond area” and related indicators 

 

In 2010, official statistics reported to the FAO Fisheries and Aquaculture Department recorded an 

“aquaculture pond area” of about 60 km², of which about 20 percent was used for the culture of shrimp in 

brackish water (Table 261). 

 

The reliability of the “inland water area and aquaculture pond area” indicator is considered low because 

in Sri Lanka it is difficult to distinguish between water surfaces that are used for inland capture fisheries 

and artificial water resources that are used for aquaculture, as the great majority of permanent water 

resources are constituted by artificial reservoirs. Although, these reservoirs have been primarily built for 

irrigation, hydropower generation and drinking water supply, fisheries also makes use of most of them, 

providing fish supply and employment opportunities (Nissanka, Amarasinghe and De Silva, 2000). 

Usually, large (over 800 ha) and medium-sized (200–800 ha) reservoirs are used for capture fisheries, 

while small (1–200 ha) irrigation reservoirs are used for culture-based fisheries. Seasonal tanks, which 

hold water for 6–8 months a year, are also used for aquaculture activities. 

 

Brackish-water resources were reported to be mainly used for prawn and shrimp farming (Jayantha and 

De Silva, 2010). The National Aquaculture Development Authority of Sri Lanka has a registry noting 

603 licenced shrimp farms with an overall extent of about 14 km2. The official reported number of shrimp 

farms could be underestimated considering that Munasinghe et al. (2010) surveyed 1 885 shrimp farms 

operating in the Puttalam district. 
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Table 261: Estimates of the “aquaculture pond area” and related indicators, Sri Lanka 

Farmed species 
Surface 

(km²) 
Reliability Source 

a. Freshwater pond aquaculture 

Freshwater and diadromous fish  47  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2010 

Crustaceans n.d.   

Molluscs n.d.   

Other aquatic animals n.d.   

b. Brackish-water pond aquaculture 

Freshwater and diadromous fish  n.d.   

Crustaceans 12  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2010 

Molluscs n.d.   

Other aquatic animals n.d.   

c. Unspecified pond aquaculture 

d. Estimated cage area n.d.   

Aquaculture pond area (a+b+c+d) < 100 Low 

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2010 

Inland water area and aquaculture pond area 3 900 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. The value of the “aquaculture pond area” is very low and less than 

100 km2, and thus it does not significantly contribute to the indicator value. n.d = no data. 

 

20.1.5 Estimates of “deep rice” and “lowland cultivated areas” 

 

The area cultivated with deep rice is estimated to be about 273 km2 according to the estimates reported by 

Halwart (1999) (Table 262). Since in Sri Lanka the majority of rice cultivation is irrigated with the use of 

an ancient extensive irrigation systems that characterizes the country landscape, the cultivation of deep 

rice represents only 3 percent of the national rice crop area.  

 

There is some reported variability among the estimates related to the national rice crop area. The value 

reported by Halwart (1999) is similar to the value assessed by remote sensing (Xiao et al., 2006), but is 

about 10 percent lower than the value reported by Huke and Huke (1997). This latter higher estimate 

could be due to the fact that it includes double and triple rice crops, as multiple rice cropping is a 

common practice in Sri Lanka (Xiao et al., 2006). 

 

Table 262: Estimates of “deep rice” and “lowland rice cultivated areas”, Sri Lanka 

Rice crop 
Surface 

(km²) 
Reliability Source 

a. Deep rice 
273  Non-GIS: Halwart, 1999 

n.d.  Non-GIS: Huke & Huke, 1997 

b. Upland rice 
554  Non-GIS: Halwart, 1999 

n.d.  Non-GIS: Huke & Huke, 1997 

c. National rice crop area  

7 910  Non-GIS: Halwart, 1999 

7 830  GIS: Xiao et al., 2006 

8 200  Non-GIS: Xiao et al., 2006 

8 330  
Non-GIS: Kotagama, Pinto & 

Samarakoon, 2009 

8 670  Non-GIS: Huke & Huke, 1997 

Deep rice cultivated area (a) 300 Low  

Lowland rice cultivated area (c − b) 7 400 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. n.d. = no data. 
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The lowland rice cultivated area is derived by considering the national rice crop area with the exclusion 

of the upland rice cultivated area. The lowland rice cultivated area is estimated to be about 7 400 km2 

according to the estimates reported by Halwart (1999) (Table 262). 

 

The reliability of the “deep rice cultivated area” and “lowland rice cultivated area” is considered low 

given the lack of updated information and some variability recorded between GIS and non-GIS sources 

related to the national rice crop area used in the indicator compilation. The deep rice and lowland 

cultivated areas have been assembled to test their potential use as a proxy for, respectively, traditionally 

rice-fish integrated systems and for areas potentially interested by more modern rice-fish integrated 

systems. However, the gap between the two indicators is too wide and the indicators are not useful in this 

sense.  

 

20.2 Inland fish production, Sri Lanka 
 

20.2.1 Estimates of “inland capture fisheries production – quantity” 

 

The national average inland capture fisheries production was estimated to be about 54 400 tonnes/year on 

the basis of official statistics reported to the FAO Fisheries and Aquaculture Department between 2008 

and 2012 (FAO, 2006−2016). The inland capture fisheries production in Sri Lanka is essentially 

constituted by the capture of tilapia (Oreochromis mossambicus and O. niloticus). Tilapia species were 

introduced into Sri Lankan freshwater systems in 1952 and, subsequently, subsidies were given by the 

government to support the harvest of this species through provision of fibreglass canoes and gillnets to 

fishers (Amarasinghe, 2003) (Table 263). 

 

Table 263: Estimates of “inland capture fisheries production – quantity”, Sri Lanka 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 29 118  FAO, 2006−2016 

Average 2003–2007 32 586  FAO, 2006−2016 

Average 2008–2012 54 396  FAO, 2006−2016 

Estimate of inland capture 

fisheries production – quantity 
54 400 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

The reliability of the national “estimate of inland capture fisheries production – quantity” is considered 

medium since both capture fisheries and aquaculture activities often take place in artificial reservoirs, 

which could hamper a clear distinction on the source of fish production in official statistics. 

 

20.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

The national estimate of non-marine aquaculture production was estimated to be about 8 800 tonnes/year 

on the basis of official statistics reported to the FAO Fisheries and Aquaculture Department between 

2008 and 2012 (FAO, 2006−2016). 

 

In Sri Lanka, aquaculture has been rapidly growing and is mainly oriented to shrimp production. As an 

example, in 2012, total aquaculture production was 10 270 tonnes, of which 32 percent (equivalent to 

3 310 tonnes) was constituted by shrimp (National Aquaculture Development Authority of Sri Lanka, 

2010). The average aquaculture production recorded between 2008 and 2012 is more than double the 

average production recorded between 1998 and 2002 (Table 264). 

 

The reliability of the current national “estimate of non-marine aquaculture production – quantity” is 

considered medium since more information is required to confirm the reported production trend. 
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Table 264: Estimates of “non-marine aquaculture production – quantity”, Sri Lanka 

Fish production (tonnes) Amount (tonnes) Reliability Source 

Average 1998–2002 4 230  FAO, 2006−2016 

Average 2003–2007 5 131  FAO, 2006−2016 

Average 2008–2012 8 761  FAO, 2006−2016 

Estimate of non-marine aquaculture 

production – quantity 
8 800 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

20.2.3 Estimates of “inland capture fisheries production – value” 

 

The inland fish production in Sri Lanka is largely constituted by the capture of tilapia (Oreochromis 

spp.), which is an exotic species that has established self-recruiting populations in several reservoirs. 

Jayantha and De Silva (2010) reported the first-sale price of tilapia usually to be between US$0.9 and 

US$1.2 per kg. The rest of the catch in reservoirs is mostly constituted by carps, which can be regularly 

stocked to increase the regular recruitment from rivers and catfish (Table 265). 

 

Table 265: Estimates of first-sale prices of wild caught species, Sri Lanka 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and diadromous 

fish   
0.5-1.1 Estimated in this report 

Carps 
0.7 Pushpalatha, Fernando & Chandrasoma, 2014 

0.5–0.7 Jayantha & De Silva, 2010 

Catfish 1–1.1 Jayantha & De Silva, 2010 

Small cyprinids 0.5 Amarasinghe, Weerakoon & Athukorala, 2009 

Oreochromis spp. 
0.9–1.2 Jayantha & De Silva, 2010 

1.2 Pushpalatha, Fernando & Chandrasoma,2014 

Note: Bold highlights the data used.  

 

The price of carps, including mrigal carp (Cirrhinus mrigala), rohu (Labeo rohita) and catla (Catla catla) 

harvested in two perennial reservoirs, is reported to be about US$0.7/kg (Pushpalatha, Fernando & 

Chandrasoma,  2014). Similarly, Jayantha and De Silva (2010) reported the first-sale price of carps to be 

between US$0.5 and US$0.7 per kg compared with the slightly higher price reported for catfish  

(US$1–US$1.1 per kg). 

 

In reservoirs, fish catch is also constituted by minor cyprinids such as Amblypharyngodon melettinus, 

Puntius chola, P. filamentosus, P. dorsalis and Rasbora daniconius, which are usually sold at US$0.5/kg 

(Amarasinghe, Weerakoon and Athukorala, 2009). 

 

Therefore, while the price of tilapia has been considered to be between US$0.9 and US$1.2 per kg, the 

unit price of the remaining wild caught species has been considered to be between US$0.5 and 

US$1.1 per kg. 

 

Table 266: Estimates of “inland capture fisheries production – value” based on official statistics, 

Sri Lanka 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and  

diadromous fish  
0.5-1.1 

24 094 12 047 26 503 

Oreochromis spp. 0.9–1.2 30 302 27 272 36 362 

Total 54 400 39 319 62 866 
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By using the first-sale prices reported in Table 265, the “estimated value of inland capture fisheries 

production”, recording an average production of 54 400 tonnes/year between 2008 and 2012, is assessed 

to be between US$39 million and US$63 million per year (Table 266). 
  
20.2.4 Estimates of “non-marine aquaculture production – value” 

 

The official farmgate prices, referring to year 2012, which are reported by the country to the FAO 

Fisheries and Aquaculture Department, are considered as baseline values to calculate the market value of 

aquaculture production in Sri Lanka.  

 

These prices seem rather high as farmgate prices for most common species, considering that 

Amarasinghe (2013) reported that the farmgate price per kg of fish usually ranged from US$0.2 to 

US$0.6 per kg (Table 267). Therefore, official prices have been used together with the other unit prices 

of US$0.7/kg for carps, US$1.2/kg for tilapia and US$6.4/kg for prawns reported by Pushpalatha, 

Fernando & Chandrasoma (2014), and the unit price of US$3.5/kg for mud crab (Scylla serrata) reported 

by Jayantha and De Silva (2010). 

 

Table 267: Estimates of farmgate prices of aquaculture species, Sri Lanka 

Species  
Unit price 

(US$/kg) 
Source 

Catla catla 0.7–1.4 FAO, 2006−2016 

Channa striata 1.9 FAO, 2006−2016 

Chanos chanos 2.3 FAO, 2006−2016 

Cirrhinus mrigala 0.7–1.4 Pushpalatha, Fernando & Chandrasoma, 2014; FAO, 2006−2016 

Ctenopharyngodon idellus 0.7–1.4 Pushpalatha, Fernando & Chandrasoma, 2014; FAO, 2006−2016 

Cyprinidae 0.7–1.4 Pushpalatha, Fernando & Chandrasoma, 2014; FAO, 2006−2016 

Cyprinus carpio 0.7–1.4 Pushpalatha, Fernando & Chandrasoma, 2014; FAO, 2006−2016 

Hypophthalmichthys molitrix 0.7–1.4 Pushpalatha, Fernando & Chandrasoma, 2014; FAO, 2006−2016 

Hypophthalmichthys nobilis 0.7–1.4 Pushpalatha, Fernando & Chandrasoma, 2014; FAO, 2006−2016 

Labeo dussumieri 1.4 FAO, 2006−2016 

Labeo rohita 0.7–1.4 Pushpalatha, Fernando & Chandrasoma, 2014; FAO, 2006−2016 

Lates calcarifer 2.6 FAO, 2006−2016 

Oreochromis spp. 1.2–1.3 Pushpalatha, Fernando & Chandrasoma, 2014; FAO, 2006−2016 

 Crustaceans 

Macrobrachium rosenbergii 2.7 FAO, 2006−2016 

Penaeus monodon 6.4–5.9 Pushpalatha, Fernando & Chandrasoma, 2014; FAO, 2006−2016 

Scylla serrata 3.5–12 FAO, 2006−2016; Jayantha & De Silva, 2010 

 Molluscs 

Crassostrea madrasensis 31 FAO, 2006−2016 

Notes: Bold highlights the data used. Indicator values have been rounded. n.d. = no data. 

 

By using these unit prices, the “estimated value of non-marine aquaculture production”, recording an 

average production of 8 800 tonnes/year between 2008 and 2012, is assessed to be between 

US$26 million and US$27 million per year (Table 268). 

 



265 

 

Table 268: Estimates of “non-marine aquaculture production – value”, Sri Lanka 

Species  

Unit 

price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and diadromous fish 

Catla catla 0.7–1.4 760 532 1 064 

Channa striata 1.9 13 24 24 

Chanos chanos 2.3 14 40 40 

Cirrhinus mrigala 0.7–1.4 4 3 6 

Ctenopharyngodon idellus 0.7–1.4 7 5 10 

Cyprinidae 0.7–1.4 1 051 736 1 472 

Cyprinus carpio 0.7–1.4 774 542 1 083 

Hypophthalmichthys molitrix 0.7–1.4 92 65 129 

Hypophthalmichthys nobilis 0.7–1.4 126 88 176 

Labeo dussumieri 1.4 41 57 57 

Labeo rohita 0.7–1.4 613 429 858 

Lates calcarifer 2.6 7 19 19 

Oreochromis  spp. 1.2−1.3 1 839 2 207 2 299 

 Crustaceans 

Macrobrachium rosenbergii 2.7 59 159 159 

Penaeus monodon 5.9-6.4 3 344 21 402 19 730 

Scylla serrata 3.5−12 10 34 117 

 Molluscs 

Crassostrea madrasensis 31 4 121 121 

 Total   8 800 26 463 27 366 

 

20.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In Sri Lanka, the “inland fish production 

– quantity” between 2008 and 2012 supplied, on average, 63 000 tonnes per year with an estimated value 

between US$66 million and US$90 million (Table 269). 

 

Table 269: Estimates of “inland fish production” in quantity and value and related indicators, 

Sri Lanka 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest  

estimate 

a. Inland capture fisheries 

production  
54 400 n.a. 39 319 62 866 Table 263, Table 266 

b. Aquaculture production 8 800 n.a. 26 463 27 366 Table 264, Table 268 

Inland fish production 

(a+b) 
63 200 n.a. 65 782 90 232  

Aquaculture 

contribution to inland 

fish production (%) 
[b/(a+b)]×100 

14 n.a. 40 30  

Notes: Where the indicator is composed of only one value, the value appears in the lowest estimate column. n.a. = not applicable. 
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The “aquaculture contribution to inland fish production” between 2008 and 2012 is estimated to be 

14 percent in terms of quantity and between 30 and 40 percent in terms of value (Table 269). 

 

The reliability of the “inland fish production” and the “aquaculture contribution to inland fish 

production”, both assessed in terms of quantity and value, is considered medium on the basis of available 

information on fish production and fish unit prices. 

 

20.3 Fish-water productivity, Sri Lanka 

 

20.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In Sri Lanka, the annual “fish-water productivity – quantity” is 

estimated to be about 159 kg/ha (Table 270) and its reliability is considered medium. 

 

Table 270: Estimates of “fish-water productivity – quantity”, Sri Lanka 

Variable Amount Reliability Source 

Inland fish production 

a. National estimate of inland capture fisheries production (tonnes) 54 400  Table 263 

b. National estimate of aquaculture production (tonnes) 8 800  Table 264 

Water resources 

c. Inland water area (km2) 3 800  Table 260 

d. Aquaculture pond area (km2) 60  Table 261 

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 159 Medium  

 

The estimated “fish-water productivity – quantity” lies within the range of values reported for fish-water 

productivity in reservoirs (Table 271), and also within the range of values reported for extensive pond 

aquaculture (Table 272). 

 

Table 271: Local-level estimate of fish-water productivity by types of water resource, Sri Lanka 

Lake 

(kg of fish/ha 

of water) 

Reservoir 

(kg of fish/ha  

of water) 

River 

(kg of fish/ha  

of water) 

Floodplain 

(kg of fish/ha  

of water) 

Rice paddy 

(kg of fish/ha  

of water) 

Source 

n.d. 40–650 n.d. 18–284 n.d. Sugunan, 1997 

n.d. 283 n.d. n.d. n.d. De Silva, 1988 

n.d. 26–230 n.d. n.d. n.d. De Silva et al., 2001 

n.d. 127 n.d. n.d. n.d. 

Nissanka, 

Amarasinghe & De 

Silva, 2000 

Note: n.d. = no data. 

 

It should be noted that the values reported in Table 272 for reservoirs were recorded in seasonal 

reservoirs, where different fish species are stocked, whereas other fish such as snakehead are naturally 

recruited fish (Wijenayake et al., 2005). On average, the fish-water productivity of reservoirs in Sri 

Lanka is known to be consistently higher than the fish-water productivity of reservoirs recorded in India. 

This is explained by a combination of factors, including the fact that reservoirs in Sri Lanka tend to be 

shallower and are usually stocked and enhanced and have a minor number of competing fish species 

(Sugunan, 1995, 1997).  
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Table 272: Local-level estimate of fish-water productivity by type of aquaculture system, Sri Lanka 

Farmed species 

Fish-water 

productivity 

(kg/ha) 

Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

- Carps 
64–248 Wijenayake et al., 2005 

25–268 Amarasinghe, 1991 

- Catfish n.d.  

- Catla 
75 Wijenayake et al., 2005 

108 Amarasinghe, 1991 

- Mrigal 122  

- Pangus n.d.  

- Rohu 
72 Wijenayake et al., 2005 

193 Amarasinghe, 1991 

- Snakehead 17 Wijenayake et al., 2005 

- Tilapia 
65 Wijenayake et al., 2005 

57 Amarasinghe, 1991 

Crustaceans 650 Joseph, 2004 

Molluscs n.d.  

Other aquatic animals n.d.  

b. Semi-intensive aquaculture 

Freshwater and diadromous fish  n.d.  

Catfish n.d.  

Crustaceans 3 000–6 000 Dahdouh-Guebas et al., 2002 

Molluscs n.d.  

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish  n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

Note: n.d. – no data.  

20.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in Sri lanka 

varies between US$170 and US$234 (Table 273). 

 

The reliability of the indicator is considered medium by taking into account the amount of data available 

for its compilation and the coherence among the different data sources used. 
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Table 273: Estimate of “fish-water productivity – value”, Sri Lanka 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
39 319 –62 866 

 Table 263 

b. National estimate of aquaculture production (US$1 000) 26 463–27 366  Table 264 

Water resources 

c. Inland water area (km2) 3 800  Table 260 

d. Aquaculture pond area (km2) 60  Table 261 

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 170–234 Medium  

20.4 Employment and livelihood, Sri Lanka 

 

20.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2012, official figures reported by Sri lanka to the FAO Fisheries and Aquaculture Department 

accounted for 33 050 inland fishers, 15 550 aquaculture farmers, and 19 860 people with an unspecified 

occupation (Table 274).  

 

It should be noted that the official number of aquaculture farmers reported in 2012 is about three times 

the number reported in 2010. Aquaculture is mainly carried out by crop farmers who cultivate small plots 

of land (0.5–2 ha) and who engage in aquaculture activities as secondary part-time activities in the nearby 

village seasonal tanks or ponds (Dey et al., 2008). Besides a potential bias in the statistical accounting, it 

is known that the aquaculture sector has recorded several contractions related to the outbreak of diseases 

in the shrimp industry (Jayantha and De Silva, 2010). 

 

Table 274: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Sri Lanka 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 33 050  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2012 

b. Number of aquaculture farmers 

(people) 

15 550  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2012 

5 350  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2010 

j. Number of people with unspecified 

occupation in the fisheries sector 

(people) 

19 860  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2012 

c. Inland water area (km2) 3 800  Table 260 

d. Aquaculture pond area (km2) 60  Table 261 

Overall number of inland fishers and 

aquaculture farmers (people)   

(a+b) – (a+b+j) 

48 600–68 500 Low  

Average density of overall inland 

fishers and aquaculture farmers 

(people/km²) 

[(a+b) – (a+b+j) /(c+d)] 

12–18 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” is 

between 48 600 and 68 500 people, which divided by the “inland water area and aquaculture pond area” 

(3 900 km², Table 261), gives an “average density of overall inland fishers and aquaculture farmers” of 

12–18 people/km². The official number of inland fishers is one order of magnitude lower than, 

respectively, the median (112 000 people) and the maximum (294 000 people) number of inland fishers 
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calculated in Sri Lanka on the basis of the extent of water resources in the country and the average 

densities of inland fishers recorded in Asia in different types of inland waters (see section 20.4.2). This 

suggests a possible underestimation of the official number of inland fishers since the calculated number 

of inland fishers is underestimated by the lack of information on the extent of the “inland water area”. 

 

The reliability of the two compiled social indicators is considered low in view of a potential 

underestimation of the official reported number of inland fishers and aquaculture farmers and the 

occurence of 19 860 people with an unspecified occupation.  

 

20.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 
 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by lakes, reservoirs, stocked reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Asia, as reported by FAO 

(1995). In the case of Sri lanka, the “calculated number of inland fishers based on the extent of different 

types of inland waters” is estimated to be between 112 000 and 294 000 people (Table 275). 

 

The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the analysed 

country.  
 

Table 275: Calculated number of inland fishers by type of water resource, Sri Lanka 

Inland waters 

Computed 

theoretical 

number of fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Asia* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Asia*  

(people/km2) 

(c) 

Coastal lagoons 7 800–33 320  400 19.5 83.3 

Lakes 5 214–68 414  1 580 3.3 43.3 

Reservoirs n.a.  n.d. 2.4 19 

Flooded areas 98 800–192 400  1 040 95 185 

Calculated number of 

inland fishers based 

on the extent of 

different types of 

inland waters 

112 000–294 000 Low  

*Source: FAO (1995). 

Notes: Indicator values have been rounded. n.a. = not applicable; n.d.= no data. 
 

20.5 Protein supply, Sri Lanka 

 

20.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 

 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production. In Sri Lanka, the annual 

average “fish protein supplied by inland fish production” is estimated to be about 6 800 tonnes of 

proteins. The national average “fish-protein water productivity”, measured in kg/ha, is obtained by 

dividing the “fish protein supplied by inland fish production” by the extent of “inland water area and 

aquaculture pond area”. The resulting “fish-protein water productivity” indicator expresses the average 

content of fish proteins provided by one hectare of water area available to the inland fisheries sector, 

which in Sri Lanka was estimated to be about 17 kg/ha (Table 276).  
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The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered medium because of existing information on the composition of 

inland capture fisheries and aquaculture production in two groups out of the four species groups 

considered. 

 

Table 276: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Sri Lanka 

Variable 

Proteins supplied 

by inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Amount Reliability Source 

a. Freshwater and 

diadromous fish  
5 929 583 6 512   

 FAO, 

2006−2016 

b. Crustaceans n.d. 317 317     

c. Molluscs n.d. n.d. n.d.     

d. Other aquatic animals n.d. n.d. n.d.     

e. Proteins calculated from 

official production figures 

in 2008–2012 (tonnes) 

(a+b+c+d) 

5 900 900 6 800 
 

  

f. Proteins calculated from 

non-official production 

estimate (tonnes) 

n.d. n.d. 
  

Fish protein supplied by inland fish production (tonnes ) (e; f) 6 800   

g. Inland water area (km2) 3 800   Table 260 

h. Aquaculture pond area (km2) 60   Table 261 

Fish-protein water productivity (kg/ha)  
[(e)/(g+h)×10] – [(f)/(g+h)×10] 

17   Medium   

Notes: Indicator values have been rounded. n.d.= no data. 
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21.  THAILAND 
 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

Thailand. Table 277 provides an overview of all the values of the compiled indicators. 

 

Table 277: Summary of water-related indicators, Thailand 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 36 600 21.1 

Percentage of inland water over country area (%) 7 21.1 

Percentage of permanent inland water over inland water area (%) 86 21.1 

Inland water area and aquaculture pond area (km²) 38 900 21.1 

Deep rice cultivated area (km2) 3 420–6 490 21.1 

Lowland rice cultivated area (km2) 92 711–94 410 21.1 

Inland fish production – quantity (tonnes) 218 400–1 060 300 21.2 

Inland fish production – value (US$1 000) 1 073 024–1 312 651 21.2 

Aquaculture contribution to inland fish production – quantity (%) 50–83 21.2 

Aquaculture contribution to inland fish production – value (%) 68–90 21.2 

Fish-water productivity – quantity (kg/ha) 325–542 21.3 

Fish-water productivity – value (US$/ha) 775–1 050 21.3 

Overall number of inland fishers and aquaculture farmers (people) 3 080 000 21.4 

Calculated number of inland fishers based on the extent of 

different types of inland waters (people) 
2 471 000–5 146 000 21.4 

Average density of overall inland fishers and aquaculture farmers 

(people/km²) 
79 21.4 

Fish protein supplied by inland fish production (tonnes) 219 200 21.5 

Fish-protein water productivity (kg/ha) 33–56 21.5 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 

21.1 Water availability, Thailand 
 

21.1.1 Estimates of “permanent inland waters” 

 

Thailand has important and diversified water resources, including 13 major lakes covering an area of 

about 4 480 km2, 21 350 reservoirs and communal reservoirs (Viparat and Mattson, 2001), and 47 rivers, 

creating a network of rivers and canals with a length of 56 137 km (Lymer et al., 2008). 

 

The two principal river systems are constituted by the Chao Phraya River, which originates from the 

mountains of northern Thailand and flows for 365 km before entering the Gulf of Thailand; and the 

Mekong River, which for about 850 km marks the border between Thailand and the Lao People’s 

Democratic Republic. 
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During 1996–99, the Office of Environmental Policy and Planning (OEPP) carried out an inventory of 

water resources in Thailand and recorded a total area of no less than 36 616 km2, composed of 8 510 km2 

of lakes and reservoirs, 2 765 km2 of rivers and creeks, 20 184 km2 of coastal areas and estuaries, 

5 135 km2 of swamps and marshes, and 22 km2 of unspecified water resources (OEPP, 1999). As swamps 

and marshes are included within “seasonally flooded areas”, then on the basis of the OEPP 1996–99 

survey, “permanent inland waters” are estimated to be about 31 481 km2. 

 

An earlier estimate reported by Sugunan (1997) amounted to 13 770 km2, and included 1 200 km2 of 

rivers and canals, 3 960 km2 of lakes, 7 436 km2 of reservoirs, and 1 430 km2 of other public waters such 

as communal reservoirs. The extent of reservoirs (7 436 km2) reported by Sugunan (1997) is similar to 

the extent (6 177 km2) assessed through the inventory carried out by Viparat and Mattson (2001); 

however, the estimate reported by Sugunan (1997) likely underestimated the extent of rivers. Due to the 

low resolution, the GLWD (Lehner and Doll, 2004) mapped only a minor portion of the existing water 

resources in the country. The difference between the estimate reported by Sugunan (1997) and the extent 

carried out by OEPP (1999) mainly lies in the assessment of 20 184 km2 of coastal areas and estuaries. 

 

There are several rivers entering the Gulf of Thailand and creating important brackish areas. The Chao 

Phraya River creates one of the largest deltas in southeast Asia, and the extent of the Chao Phraya lower 

delta is about 14 000 km2 (Adeel et al., 2002). In addition, other important rivers forming intertidal 

mudflats around their estuaries are the Mae Klong River, the Tachin River and the Bang Pakong River 

with an estuary of 135 km2 (Tongnunui, 2011), and the Krabi River with an estuary of 213 km2 

(Janekarnkij, 2006). 

 

The extent of 20 184 km2 of coastal areas and estuaries is unlikely to include large mangrove areas given 

that the overall extent of remaining mangroves in the country is about 2 484 km2 (Spalding, Kainuma and 

Collins, 2010). 

 

The estimate of “permanent inland waters”, assessed on the basis of the OEPP survey, is preferred as it 

contains more detailed information than the aggregated figure of 41 000 km2, constituted by rivers, lakes 

and swamps as well as the 4 000 km2 of artificial reservoirs reported by Jutagate and Rattanachai (2010) 

and Pawaputanon (2003). 
 

21.1.2 Estimates of “seasonally flooded areas” 

 

Estimating the extent of “seasonally flooded areas’ is complicated because Thailand’s river network is 

highly regulated, floods are controlled, and river water flows are diverted in many reservoirs for 

irrigation, and latterly also for hydroelectric power generation. 

 

In addition, the Central Plains region, mainly formed by the Chao Praya River and its tributaries, is 

constituted by marshy alluvial floodplains, which would be natural wetlands or “seasonally flooded 

areas” but in time have been transformed into rice crop cultivated areas. 

 

Nevertheless, some seasonal flooding is still recorded in the Chao Phraya River watershed. The Chao 

Phraya River lacks downstream discharge capacity, thus flooding recorded in the upper watershed makes 

water levels rise downstream and spill onto the floodplain. Moreover, tributaries cannot flow into the 

Chao Phraya River due to the elevated water levels in the Chao Phraya River itself. During the monsoon 

season, inundated areas are found in the Khorat plateau along the courses of the Songkram River, the 

Mun and the Chi Rivers, and the flooded area of the Songkram River (1 325 km2) (Blake, 2006). 

 

According to the WorldFish Center and the International Fund for Agricultural Development (IFAD) (no 

date), there are approximately 7 000 km2 of “seasonally flooded areas” in Thailand. This figure is very 

close to the estimate of 5 135 km2 of swamps and marshy areas provided by OEPP. This is a likely 

estimate, as it falls between the minimum estimate represented by the flooded area of the Songkram River 

alone (1 325 km2) and the maximum represented by the extreme event that occurred in November 2011, 
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when a massive unusual flood affected 18 291 km2 of agricultural land in the Chao Phraya River 

watershed (Komori et al., 2012). 

 

The estimate (5 135 km2) reported by OEPP (1999) was used considering that it was the same data source 

used for the assessment of “permanent inland waters” and that it was based on a national inventory of 

water resources. 

 
21.1.3 Estimates of “inland water area” and related indicators 
 

The extent of the “inland water area” in Thailand is estimated to be 36 600 km². “Inland water area” 

represents 7 percent of the entire country area (513 120 km², United Nations, 2011), and “permanent 

inland waters” constitute 86 percent of “inland water area” (Table 278). 

 

Table 278: Estimates of “inland water area” and related indicators, Thailand 

Water resources Amount  Reliability Source 

a. Permanent inland waters (km²) 

31 481  Non-GIS: OEPP, 1999 

45 000  
Non-GIS: Jutagate & Rattanachai, 

2010; Pawaputanon, 2003 

13 770  Non-GIS: Sugunan, 1997 

4 764  GIS: Lehner & Doll, 2004 

b. Seasonally flooded areas (km²) 

5 135  Non-GIS: OEPP, 1999 

7 000  
Non-GIS: WorldFish Center and 

IFAD, no date 

Regional estimates 

Seasonally flooded areas along the 

Songkram River (km²) 
1 325  Non-GIS: Blake, 2006 

Exceptionally large flooded areas along the 

Chao Phraya River (km²) 
18 291  Non-GIS: Komori et al., 2012 

Inland water area (km2) (a+b) 
36 600 Medium  

2 230  Non-GIS: FAO, 2006 

Percentage of permanent inland water 

over inland water area (%) 
86 Medium  

Percentage of inland water over country 

area (%) 
7 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

By comparison, the extent of “inland water area” recorded in the FAOSTAT country database is 

2 230 km². The FAOSTAT value is derived from the difference between “country area” and “land area” 

(FAO, 2006), which are official figures reported by the country to the FAO Statistics Department. 

 

The reliability of the “inland water area” and related indicators is considered medium due to a lack of 

updated information and the possible increase in the area covered by reservoirs and the further reduction 

of “seasonally flooded areas”. 

 

21.1.4 Estimates of “aquaculture pond area” and related indicators 

 

In 2008, official statistics reported to the FAO Fisheries and Aquaculture Department recorded an 

“aquaculture pond area” for different farmed species covering comprehensively an area of about  

2 200 km2. By comparison, previous data, referring to 2002, reported an “aquaculture pond area” of  

1 500 km2, and mainly refers to the culture of shrimp and other aquatic organisms in brackish water  

(Table 279). There are more than 50 freshwater fish species and a few brackish species cultured in the 

country. The most common species include Nile tilapia (Oreochromis niloticus), hybrid catfish (Clarias 

macrocephalus crossed with Clarias gariepinus), Thai silver barb (Barbodes gonionotus), malabar 

grouper (Epinephelus malabaricus), barramundi (Lates calcarifer), Sutchi catfish (Pangasianodon 

hypophthalmus) giant river prawn (Macrobrachium rosenbergii), snakeskin gourami (Trichogaster 
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pctoralis), giant tiger prawn (Peneaus monodon), banana prawn (Penaeus merguiensis), whiteleg shrimp 

(Penaeus vannamei), green mussel (Perna viridis), blood cockle (Anadara nodifera), and Sydney rock 

oyster (Crassostrea commercialis) (FAO, 2005–14). Additional information would be needed to refine 

the current estimate of the “aquaculture pond area”.  

 

Table 279: Estimates of the “aquaculture pond area” and related indicators, Thailand 

Farmed species 
Surface 

(km²) 
Reliability Source 

a. Freshwater pond aquaculture 

Freshwater and diadromous fish  n.d.   

Crustaceans 548  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2008 

Molluscs 154  
FAO Fisheries and Aquaculture 

Department, unpublished data, 2008 

Other aquatic animals 
1 538  

FAO Fisheries and Aquaculture 

Department, unpublished data, 2008 

1 020  FAO, 2005–2014 

b. Brackish-water pond aquaculture 

Freshwater and diadromous fish  n.d.   

Crustaceans 744  FAO, 2005–2014 

Molluscs    

Other aquatic animals 720  FAO, 2005–2014 

c. Unspecified pond aquaculture 

d. Estimated cage area n.d.   

Aquaculture pond area (a+b+c+d) 2 200 Low 
FAO Fisheries and Aquaculture 

Department, unpublished data, 2008 

Inland water area and aquaculture 

pond area 
38 900 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. n.d. = no data. 

 

The reliability of the “inland water area and aquaculture pond area” is considered low due to the sparse 

amount of information available for its compilation and some inconsistency in the information regarding 

the development of brackish-water pond auaculture. 
 

Hall et al. (2011) estimated the surface water required for aquaculture on the basis of aquaculture 

production recorded in 2008 at different production intensities. In Thailand, the major aquaculture 

production is reported to be related to the extensive culture of bivalves, intensive culture of shrimp, and 

semi-intensive culture of tilapia (Table 280). 

 

However, although the reference year is the same (i.e. 2008), the surfaces of the “aquaculture pond area” 

computed from estimated production intensities by Hall et al. (2011) are very different from the values 

officially reported by the country (Table 279). Major discrepancies are found in the culture of crustaceans 

and molluscs. 
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Table 280: Calculated “aquaculture pond area” from estimated production intensities, Thailand 

Farmed species 

Estimated 

production in 

2008 (tonnes) 

Estimated pond area (km²) 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d. n.d. 

Catfish n.d. n.d. 

Crustaceans n.d. n.d. 

Molluscs 305 399 1 378 

Other aquatic animals n.d. n.d. 

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) 182 536 290 

Catfish n.d. n.d. 

Crustaceans n.d. n.d. 

Molluscs n.d. n.d. 

Other aquatic animals n.d. n.d. 

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) 27 280 25 

Catfish n.d. n.d. 

Crustaceans 485 799 2 358 

Molluscs n.d. n.d. 

Other aquatic animals n.d. n.d. 

Estimated aquaculture pond area for selected group 

of species (km²) (a+b+c) 
                                   4 100 

Source: Halls et al. (2011). 

Notes: Bold highlights the data used. n.d. = no data. 

 

21.1.5 Estimates of “deep rice” and “lowland cultivated areas” 

 

In Thailand, the area cultivated with deep rice is estimated to be between 3 400 km2 and 6 500 km2, 

according to the estimates reported, respectively, by Huke and Huke (1997) and by Halwart (1999) 

(Table 281). 

 

The cultivation of deep rice represents only a minor proportion (between 4 and 7 percent) of the national 

rice crop area. This outcome is expected given that the majority of rice paddy fields are rainfed (Xiao et 

al., 2006). As for other countries of the Mekong River Basin, there is some discrepancy between the 

national rice crop area detected by remote sensing by Xiao et al. (2006) and the statistics of the national 

rice crop area reported by different sources. This is likely to be caused by the fact that substantial shares 

of rice cultivation are double and even triple the cropped areas (Xiao et al., 2006). 

 

Table 281: Estimate of the “deep rice” and “lowland rice cultivated areas”, Thailand 

Rice crop Surface (km²) Reliability Source 

a. Deep rice 
3 420  Non-GIS: Huke & Huke, 1997 

6 490  Non-GIS: Halwart, 1999 

b. Upland rice 
2 030  Non-GIS: Huke & Huke, 1997 

927  Non-GIS: Halwart, 1999 

c. National rice crop area 

96 440  Non-GIS: Huke & Huke, 1997 

92 710  Non-GIS: Halwart, 1999 

93 060  GIS: Xiao et al., 2006 

91 050  Non-GIS: Xiao et al., 2006 

Deep rice cultivated area (a) 3 400–6 500 Low  

Lowland rice cultivated area (c − b) 92 700–94 400 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 
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The lowland rice cultivated area is derived by considering the national rice crop area with the exclusion 

of the upland rice cultivated area. The lowland rice cultivated area is estimated to be between 92 700 and 

94 400 km2, according to the estimates reported, respectively, by Halwart (1999) and Huke and Huke 

(1997) (Table 281). 

 

The reliability of the “deep rice cultivated area” and “lowland rice cultivated area” is considered low 

given the lack of updated information and the variability among different data sources. The deep rice and 

lowland cultivated areas have been assembled to test their potential use as a proxy for, respectively, 

traditional rice-fish integrated systems and for areas potentially interested in more modern rice-fish 

integrated systems. However, the gap between the two indicators is too wide and the indicators are not 

useful in this sense.  
 

21.2 Inland fish production, Thailand 

 

21.2.1 Estimates of “inland capture fisheries production – quantity” 

 

The five-year averages of inland capture fisheries production are based on official data reported by the 

country to the FAO Fisheries and Aquaculture Department (FAO, 2006−2016). The five-year averages 

are quite stable over time and record an average fish production of about 200 000–220 000 tonnes/year 

(Table 282). 

 

Table 282: Estimates of “inland capture fisheries production – quantity”, Thailand 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 202 032  FAO, 2006−2016 

Average 2003–2007 208 095  FAO, 2006−2016 

Average 2008–2012 218 393  FAO, 2006−2016 

Annual inland fish production 350 000–800 000  Coates, 2002 

Annual inland fish production 1 060 320  Lymer et al., 2008 

Regional estimates 

Fish production from reservoirs 122 314–318 909  Viparat et al., 2000 

Fish production from reservoirs 240 000  van Zalinge et al., 2004 

Fish production from reservoirs 

from a national reservoir survey 

in 1996 

78 711  Viparat & Mattson, 2001 

Portion of Mekong River Basin 

in Thailand 
932 300  van Zalinge et al., 2004 

Portion of Mekong River Basin 

in Thailand 
795 000  Barlow, 2002 

Estimate of inland capture 

fisheries production – quantity 
218 400–1 060 300 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 
 

However, according to different authors, data on inland capture fisheries production take into account 

only fish harvested in large reservoirs (Coates, 2002; Lymer et al., 2008; van Zalinge et al., 2004), and do 

not reflect the fact that fish harvested from the “inland water area” is the most accessible resource of 

protein in most rural areas of Thailand. 

 

In 1996, a national reservoir survey carried out by Viparat and Mattson (2001) estimated that fish 

production from reservoirs was about 78 711 tonnes. Subsequently, estimates based on the per capita fish 

consumption indicated that fish production from reservoirs should account for 240 000 tonnes (van 

Zalinge et al., 2004) and be within the range of 122 314–318 909 tonnes, as suggested by Viparat et al. 

(2000). If these estimates are correct, then the national fish production from inland capture fisheries 

should be higher than what is currently reported by official statistics. 
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Coates (2002) estimated that national inland capture fisheries production should be in the range of 

350 000–800 000 tonnes/year. However, the estimates of fish production from the Mekong River Basin 

within Thailand are recorded as 795 000 tonnes in 2002 (Barlow, 2002) and 932 300 in 2004 (van 

Zalinge et al., 2004). Thus, if the estimates from the Mekong River Basin are correct, then the figure 

provided by Coates (2002) could be undervalued and the estimate of 1 060 320 tonnes/year provided by 

Lymer et al. (2008) could be a likely estimate for national inland capture fisheries production. 

 

Lymer et al. (2008) based their estimate on the per capita average fish consumption, the number of 

fishing households recorded to be 2 639 582 (as stated in the National Agricultural Census of 2005), and 

the average fish-water productivity characteristic of different types of water resources. 

 

The reliability of the national “estimate of inland capture fisheries production – quantity” is considered 

low because of the existing divergence between the official and non-official estimates on inland capture 

fisheries production (218 400 vs. 1 060 300 tonnes/year). 
 

21.2.2 Estimates of “non-marine aquaculture production – quantity” 
 

The national average non-marine aquaculture production was estimated on the basis of official statistics 

reported to the FAO Fisheries and Aquaculture Department between 2008 and 2012 (FAO, 2006−2016). 

The average aquaculture production of about 1 million tonnes/year recorded between 2008 and 2012 is 

nearly double the average production recorded between 1998 and 2002 (Table 283). 

 

The reliability of the current national “estimate of non-marine aquaculture production– quantity” is 

considered medium since more information is required to confirm the reported production trend. 

 

Table 283: Estimates of “non-marine aquaculture production – quantity”, Thailand 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 549 631  FAO, 2006−2016 

Average 2003–2007 930 990  FAO, 2006−2016 

Average 2008–2012 1 040 809  FAO, 2006−2016 

Estimate of non-marine aquaculture 

production – quantity 
1 040 800 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

21.2.3 Estimates of “inland capture fisheries production – value” 

 

In Thailand, the value of inland capture fisheries production can be analysed in more detail given that the 

production has been reported with a species breakdown and that corresponding prices have been 

published by the Southeast Asian Fisheries Development Center (SEAFDEC, 2012). In 2010, the prices 

reported by SEAFDEC were between US$1.1 and US$1.3 per kg for low-value species, whereas prices 

for high-value species reached US$1.9/kg for torpedo catfish (Clarias spp.), US$2.4 for common 

snakehead (Channa striata), and US$2.8/kg for Asian swamp eel (Monopterus albus), which is 

considered an Asian delicacy (Table 284). 

 

There is no price reported for wild caught crustaceans; therefore, a price range between US$2.2 and 

US$5 per kg, similar to the aquaculture farmgate price of different shrimp, has been applied. 

 

By using the first-sale prices reported in Table 284, the “estimated value of inland capture fisheries 

production”, recording an average production of 218 400 tonnes/year between 2008 and 2012, is assessed 

to be between US$287 million and US$305 million per year (Table 285). 
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Table 284: Estimates of first-sale prices of wild caught species, Thailand 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and diadromous fish  
1.2 SEAFDEC, 2012 

1 Mahasarakarm, 2007 

Anabas testudineus 1.2 SEAFDEC, 2012 

Barbonymus gonionotus 1.1 SEAFDEC, 2012 

Channa striata 2.4 SEAFDEC, 2012 

Clarias spp. 1.9 SEAFDEC, 2012 

Cyprinus carpio 1.2 SEAFDEC, 2012 

Monopterus albus 2.8 SEAFDEC, 2012 

Oreochromis niloticus 1.3 SEAFDEC, 2012 

Pangasius spp. 1.1 SEAFDEC, 2012 

Trichogaster pectoralis 1.2 SEAFDEC, 2012 

Crustaceans 2.2–5 Estimated in this report 

Note: Bold highlights the data used.  

 

Table 285: Estimates of “inland capture fisheries production – value” based on official statistics, 

Thailand 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and  

diadromous fish  
1–1.2 66 451 66 451 79 741 

Anabas testudineus 1.2 14 697 17 636 17 636 

Barbonymus gonionotus 1.1 42 659 46 925 46 925 

Channa striata 2.4 23 660 56 784 56 784 

Clarias spp. 1.9 12 595 23 931 23 931 

Cyprinus carpio 1.2 7 849 9 419 9 419 

Monopterus albus 2.8 487 1 364 1 364 

Oreochromis niloticus 1.3 39 089 50 816 50 816 

Pangasius spp. 1.1 5 139 5 653 5 653 

Trichogaster pectoralis 1.2 4 346 5 215 5 215 

Crustaceans 2.2–5 1 419 3 122 7 095 

Total 218 400 287 315 304 578 

 

The alternative estimate of inland capture fisheries production of 1 060 300 reported by Lymer et al. 

(2008) is determined using the estimates of US$1–US$1.2 per kg of first-sale price for fish and  

US$2.2–US$5 per kg for crustaceans and considers the breakdown in species composition, constituted by 

99 percent for fish and 1 percent for crustaceans (Table 285). Consequently, the inland capture fisheries 

production of 1 060 300 tonnes/year is estimated to have an average value between US$1 billion and 

US$1.3 billion per year (Table 286). 
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Table 286: Estimates of “inland capture fisheries production – value” based on non-official figures, 

Thailand 

Species  
Unit price 

(US$/kg) 

Reported production 

by 

Lymer et al., 2008 

Value using 

lowest unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and 

diadromous fish  
1–1.2 1 049 697 1 049 697 1 259 636 

Crustaceans 2.2–5 10 603 23 327 53 015 

Total 1 060 300 1 073 024 1 312 651 

 

By considering both official and non-official fish production figures, the “estimated value of inland 

capture fisheries production” in Thailand spans between U$287 million and US$1.3 billion per year. 
 

21.2.4 Estimates of “non-marine aquaculture production – value” 

 

The official farmgate prices, referring to year 2010, which are reported by the country to the FAO 

Fisheries and Aquaculture Department are used to calculate the value of aquaculture production. The 

highest contribution to the “estimated average value of aquaculture production” is shown by the culture 

of whiteleg shrimp (Penaeus vannamei), whose production value in Thailand is more than 15 times the 

value of the culture of the giant river prawn (Macrobrachium rosenbergii). Highly profitable is also the 

culture of two exotic African species, the Nile tilapia (Oreochromis niloticus) and the torpedo catfish 

(Clarias gariepinus x C. macrocephalus). The official reported price for Nile tilapia is US$1.3/kg, which 

is very close to the farmgate price of US$1.1−US$1.2 per kg reported by Bhujel (2013) (Table 287). 

 

Table 287: Estimates of farmgate prices of aquaculture species, Thailand 

Species Unit price (US$/kg) Source 

Freshwater and 

diadromous spp. 1.3 
SEAFDEC, 2012 

Anabas testudineus 1.8 FAO, 2006−2016; unit price referred to 2010 

Barbonymus gonionotus 1.2 FAO, 2006−2016; unit price referred to 2010 

Channa micropeltes 1.7 FAO, 2006−2016; unit price referred to 2010 

Channa striata 2.4 FAO, 2006−2016; unit price referred to 2010 

Cirrhinus mrigala 1.1 FAO, 2006−2016; unit price referred to 2010 

Clarias gariepinus x C. 

macrocephalus 1.3 

FAO, 2006−2016; unit price referred to 2010 

Cyprinus carpio 1.2 FAO, 2006−2016; unit price referred to 2010 

Hypophthalmichthys molitrix 1.1 FAO, 2006−2016; unit price referred to 2010 

Labeo rohita 1.1 FAO, 2006−2016; unit price referred to 2010 

Lates calcarifer 3.9 FAO, 2006−2016; unit price referred to 2010 

Lates calcarifer 3.6 FAO, 2006−2016; unit price referred to 2010 

Monopterus albus 2.2 FAO, 2006−2016; unit price referred to 2010 

Notopterus spp. 1.3 FAO, 2006−2016; unit price referred to 2010 

Oreochromis mossambicus 1.1 FAO, 2006−2016; unit price referred to 2010 

Oreochromis niloticus 
1.1–1.2 Bhujel, 2013 

1.3 FAO, 2006−2016; unit price referred to 2010 

Osphronemus goramy 2.2 FAO, 2006−2016; unit price referred to 2010 

Oxyeleotris marmorata 9.6 FAO, 2006−2016; unit price referred to 2010 

Pangasius hypophthalmus 0.9 FAO, 2006−2016; unit price referred to 2010 

Trichogaster pectoralis 1.5 FAO, 2006−2016; unit price referred to 2010 

Trichogaster spp. 0.6 FAO, 2006−2016; unit price referred to 2010 
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Species Unit price (US$/kg) Source 

Crustaceans  

Macrobrachium rosenbergii 
4.5 FAO, 2006−2016; unit price referred to 2010 

1.3–6.3 Schwantes, 2007 

Paenaues and Metapenaus 

spp. 2.2 

FAO, 2006−2016; unit price referred to 2010 

Penaeus merguiensis 7.1 FAO, 2006−2016; unit price referred to 2010 

Penaeus monodon 4.8 FAO, 2006−2016; unit price referred to 2010 

Penaeus vannamei 3.5 FAO, 2006−2016; unit price referred to 2010 

Scylla serrata 5.7 FAO, 2006−2016; unit price referred to 2010 

Molluscs  

Abalones spp. 15.8 FAO, 2006−2016; unit price referred to 2010 

Other aquatic animals  

Chinese softshell turtle 6.0 FAO, 2006−2016; unit price referred to 2010 

Frogs 1.9 FAO, 2006−2016; unit price referred to 2010 

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

Among the native species, the culture of the silver barb (Barbonymus gonionotus) and snakeskin gourami 

(Trichogaster pectoralis) is widespread, which are sold at farmgate prices of, respectively, US$1.2/kg 

and US$1.5/kg. These two freshwater species are very popular and are used in many traditional 

Thai dishes. 

 

Also very important in Thai cuisine is the barramundi, or Asian seabass (Lates calcarifer), which is 

native to coastal areas in the Indian and Western Pacific Oceans, and which has been introduced in the 

country for aquaculture purposes. Because it is an exotic and larger-sized species in Thailand, the 

farmgate price of the Asian sea bass is reported to be about US$3.9/kg. 

 

By using the farmgate prices reported in Table 287, the “estimated value of non-marine aquaculture 

production”, recording an average production of 1 040 809 tonnes/year between 2008 and 2012, is 

assessed to be about US$2 .7 billion per year (Table 288). 

 

Table 288: Estimates of “non-marine aquaculture production – value”, Thailand 

Species  
Unit price 

(US$/kg) 

Average 

production  

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using 

highest unit price 

(US$1 000) 

Freshwater and 

diadromous spp. 
1–1.3 6 398 6 398 8 317 

Anabas testudineus 1.8 509 916 916 

Barbonymus 

gonionotus 
1.2 42 761 51 313 51 313 

Channa micropeltes 1.7 280 476 476 

Channa striata 2.4 6 426 15 422 15 422 

Cirrhinus mrigala 1.1 580 638 638 

Clarias gariepinus x 

C. macrocephalus 
1.3 118 915 154 590 154 590 

Cyprinus carpio 1.2 2 897 3 476 3 476 

Hypophthalmichthys 

molitrix 
1.1 233 256 256 

Labeo rohita 1.1 1 367 1 504 1 504 
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Species  
Unit price 

(US$/kg) 

Average 

production  

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using 

highest unit price 

(US$1 000) 

Lates calcarifer 3.9 13 186 51 425 51 425 

Lates calcarifer 3.6 1 688 6 077 6 077 

Monopterus albus 2.2 4 9 9 

Notopterus spp. 1.3 2 3 3 

Oreochromis 

mossambicus 
1.1 63 69 69 

Oreochromis 

niloticus 
1.1-1.3 185 277 203 805 240 860 

Osphronemus goramy 2.2 3 883 8 543 8 543 

Oxyeleotris 

marmorata 
9.6 115 1 104 1 104 

Pangasius 

hypophthalmus 
0.9 23 470 21 123 21 123 

Trichogaster 

pectoralis 
1.5 30 516 45 774 45 774 

Trichogaster spp. 0.6 23 14 14 

Crustaceans 

Macrobrachium 

rosenbergii 
4.5 26 115 117 518 117 518 

Paenaues and 

Metapenaus spp. 
2.2 414 911 911 

Penaeus merguiensis 7.1 322 2 286 2 286 

Penaeus monodon 4.8 7 565 36 312 36 312 

Penaeus vannamei 3.5 563 567 1 972 485 1 972 485 

Scylla serrata 5.7 52 296 296 

Molluscs  

Abalones spp. 15.8 11 174 174 

Other aquatic animals 

Chinese softshell 

turtle 
6 2 565 15 390 15 390 

Frogs 1.9 1 605 3 050 3 050 

Total 1 040 809 2 721 355 2 760 330 

21.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In Thailand, the “inland fish production 

– quantity” between 2008 and 2012 supplied, on average, between 1 and 2 million tonnes per year with an 

estimated value between US$3 billion and US$4 billion (Table 289). 
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Table 289: Estimates of “inland fish production” in quantity and value and related indicators, 

Thailand 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest  

estimate 

a. Inland capture fisheries 

production  
218 400 1 060 300 287 315 1 312 651 Table 282; Table 285 

b. Aquaculture production 1 040 800 1 040 800 2 721 355 2 760 330 Table 283: Table 288 

Inland fish production (a+b) 1 259 200 2 101 100 3 008 670 4 072 981  

Aquaculture contribution to 

inland fish production (%) 
[b/(a+b)]×100 

83 50 90 68  

 

The “aquaculture contribution to inland fish production” between 2008 and 2012 is estimated to be 

between 50 and 83 percent in terms of quantity and between 68 and 90 percent in terms of value. 

 

The reliability of the “inland fish production” and the “aquaculture contribution to inland fish 

production”, both assessed in terms of quantity and value, is considered low on the basis of the 

divergence of existing estimates of “inland fish production”, which affects all remaining economic 

indicators.  

 

21.3 Fish-water productivity, Thailand 

 

21.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing the 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In Thailand, the annual “fish-water productivity – quantity” is 

estimated to be between 325 and 542 kg/ha (Table 290) and its reliability is considered medium. 

 

Table 290: Estimates of “fish-water productivity – quantity”, Thailand 

Variable Amount Reliability Source 

Inland fish production 

a. National estimate of inland capture fisheries production 

(tonnes) 

218 400–

1 060 300 
 Table 282 

b. National estimate of aquaculture production (tonnes) 1 040 800  Table 283  

Water resources 

c. Inland water area (km2) 36 600  Table 278 

d. Aquaculture pond area (km2) 2 200  Table 279 

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 325–542 Medium  

 

The “fish-water productivity – quantity” is close to fish-water productivity in stocked reservoirs 

(Table 291). There is no data to compare this value with extensive or semi-intensive pond aquaculture 

systems, but, as expected, the estimated indicaor value is not representative of reported fish-water 

productivity of intensive aquaculture (Table 292).   
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Table 291: Local-level estimate of fish-water productivity by types of water resource, Thailand 

Lake 

(kg of fish/ha 

of water) 

Reservoir 

(kg of fish/ha 

of water) 

River 

(kg of fish/ha 

of water) 

Floodplain 

(kg of fish/ha 

of water) 

Rice paddy 

(kg of fish/ha 

of water) 

Source 

n.d. 86 147 179 n.d. FAO, 1995a 

n.d. 5–60 n.d. n.d. n.d. De Silva et al., 2004 

n.d. 83 n.d. n.d. n.d. Viparat & Mattson, 2001 

n.d. 200–600* n.d. n.d. n.d. Sugunan, 1997 

*stocked with fish 

Note: n.d. = no data. 

 

Table 292: Local-level estimate of fish-water productivity by type of aquaculture system, Thailand 

Farmed species 
Fish-water productivity 

(kg/ha) 
Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans n.d.  

Molluscs n.d.  

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans 15 000 FAO, 2005–2014 

Molluscs n.d.  

Other aquatic animals n.d.  

Note: n.d. = no data.  

 
21.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing the 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in Thailand 

varies between US$775 and US$1 050 (Table 293). 

 

Table 293: Estimate of “fish-water productivity – value”, Thailand 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
287 315−1 312 651  

Table 282 

b. National estimate of aquaculture production (US$1 000) 2 721 355−2 760 330  Table 283 

Water resources 

c. Inland water area (km2) 36 600  Table 278 

d. Aquaculture pond area (km2) 2 200  Table 279 

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 775−1 050 Medium  
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The reliability of the indicator is considered medium because of its relatively wide range of values. The 

value range of the indicator is caused by the variability in the unit prices used for the valuation of the 

inland capture fisheries production. Currently, available fish unit prices for Thailand tend to be higher 

than those reported in the majority of the countries belonging to the Lower Mekong River Basin. A finer 

price calibration will affect also the current compiled value of the “fish-water productivity – value” 

indicator. 

21.4 Employment and livelihood, Thailand 

 

21.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2009, Thailand reported to the FAO Fisheries and Aquaculture Department an official number of 

275 000 aquaculture farmers in the country, but no data were reported for the number of inland fishers. 

The reported figure of 275 000 aquaculture farmers seems consistent with the higher estimate of 

478 000 people engaged in the aquaculture sector, including not only aquaculture farmers, but also people 

engaged in post-harvest activities such as processing and trade (FAO, 2005–14). 

 

The national official reported number of aquaculture farmers (275 000 people) is also greater than the 

regional estimate reported in 2002, which referred to 155 656 aquaculture farmers in the Mekong River 

Basin (Mekong River Commission, 2007). Because there are no official statistics on the number of inland 

fishers, a non-official estimate of about 2 805 000 inland fishers reported by the World Bank, FAO and 

WorldFish Center (2010) has been used (Table 294). 

 

Table 294: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Thailand 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 2 805 000  
World Bank, FAO & 

WorldFish Center, 2010 

Regional estimates 

Number of commercial fishers in 20 

multi-purpose reservoirs 
18 000   

Number of fishers in the Krabi River 

estuary 
2 422  Janekarnkij, 2010 

b. Number of aquaculture farmers 

(people) 
275 000  

FAO Fisheries and 

Aquaculture Department, 

unpublished data, 2012 

Number of aquaculture farmers and 

post-harvest workers 
478 000  FAO, 2005−2014 

Regional estimates 

Number of aquaculture farmers in the 

Thai Mekong River Basin 
155 656  

Mekong River Commission, 

2007 

c. Inland water area (km2) 36 600  Table 278 

d. Aquaculture pond area (km2) 2 200  Table 279 

Overall number of inland fishers and 

aquaculture farmers (people) (a+b) 
3 080 000 Medium  

Average density of overall inland 

fishers and aquaculture farmers 

(people/km²) [(a+b)/(c+d)] 
79 Medium  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

This non-official estimate of inland fishers is close to the median (2 471 000 people) and below the 

maximum (5 146 000 people) of inland fishers calculated on the basis of the extent of water resources in 

Thailand and the average densities of inland fishers recorded in Asia in different types of inland waters 

(see section 21.4.2)  
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Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” is 

3 080 000 people, which divided by the “inland water area and aquaculture pond area” (38 900 km², 

Table 279) gives an “average density of overall inland fishers and aquaculture farmers” of 79 people/km². 

The reliability of the two compiled social indicators is considered medium in view of the current lack of 

official statistics on the number of inland fishers and the use of non-official estimates, which should be 

confirmed with additional information.  

 

21.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 
 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by lakes, reservoirs, stocked reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Asia, as reported by FAO 

(1995b). In the case of Thailand, the “calculated number of inland fishers based on the extent of different 

types of inland waters” is estimated to be between 2 471 000 and 5 146 000 people (Table 295). 

 

The reliability of the current “calculated number of inland fishers based on the extent of different types  

of inland waters” is low because the density values used are outdated and not specific to the 

analysed country.  

 

Table 295: Calculated number of inland fishers by type of water resource, Thailand 

Inland waters 

Computed 

theoretical number 

of fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Asia* 

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Asia*  

(people/km2) 

(c) 

Coastal lagoons 45 494–194 339  2 133 19.5 83.3 

Lakes 20 384–267 464  6 177 3.3 43.3 

Reservoirs n.a.  n.d. 2.4 19 

Flooded areas 2405 305–4 684 015  5 135 95 185 

Calculated number 

of inland fishers 

based on the extent 

of different types of 

inland waters 

2 471 000–5 146 000 Low  

*Source: FAO (1995b).  

Notes: Indicator values have been rounded. n.a.= not applicable; n.d.= no data. 

21.5 Protein supply, Thailand 

 

21.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 

 

The national average “fish protein supplied by inland fish production” is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs, and other aquatic 

animals constituting the inland capture fisheries and aquaculture production.  

 

In Thailand, the annual average “fish protein supplied by inland fish production” is estimated to be 

between 127 400 and 219 200 tonnes of proteins. The national average “fish-protein water productivity”, 

measured in kg/ha, is obtained by dividing the “fish protein supplied by inland fish production” by the 

extent of “inland water area and aquaculture pond area”. The resulting “fish-protein water productivity” 

indicator expresses the average content of fish proteins provided by one hectare of water area available to 

the inland fisheries sector, which in Thailand was estimated to be between 33 and 56 kg/ha (Table 296). 
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The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered medium because despite existing information on the composition 

of inland capture fisheries and aquaculture production in three out of the four groups of species 

considered, the two indicators were affected by a large wide range of values.  
 

Table 296: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Thailand 

Variable 

Proteins 

supplied by 

inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquacultur

e 

(tonnes) 

Amount Reliability Source 

a. Freshwater and 

diadromous fish  
23 650 47 807 71 457   

 FAO, 

2006−2016 

b. Crustaceans 132 55 617 55 749     

c. Molluscs n.d. n.d. n.d.     

d. Other aquatic animals n.d. 167 167     

e. Proteins calculated from 

official production figures 

in 2008–2012 (tonnes)  

(a+b+c+d) 

23 800 103 600 127 400  
 

  

f. Proteins calculated from 

non-official production 

estimate (tonnes) 

115 600 103 600 219 200 
  

Fish protein supplied by inland fish production (tonnes) 

(e; f) 
127 400–219 200   Medium  

g. Inland water area (km2) 36 600   Table 278 

h. Aquaculture pond area (km2) 2 200   Table 279 

Fish-protein water productivity (kg/ha)  

[(e)/(g+h)×10] –[(f)/(g+h)×10] 
33–56   Medium   

Notes: Indicator values have been rounded. n.d.= no data. 
 

REFERENCES 

 

Adeel, Z., Tabucanon, M., In-na, Y., Thanomphan, M., Wattayakorn, G., Tsukamoto, K. & 

Vongvisessomjai, S. 2002. Capacity development needs in the Chao Phraya River Basin and the Gulf of 

Thailand. In: Conference on Managing Shred Waters (also available at 

https://www.researchgate.net/publication/237472583_Capacity_Development_Needs_in_the_Chao_Phra

ya_River_Basin_and_the_Gulf_of_Thailand). 

 

Barlow, C. 2002. Size and value of the fishery in the Lower Mekong Basin. In E. Baran, T. Jantunen & 

C.K. Chong. 2007. Values of inland fisheries in the Mekong River Basin. Phnom Penh, WorldFish 

Center. (also available at www.worldfishcenter.org/resource_centre/WF_895.pdf). 

 

Bhujel, R.C. 2013. On-farm feed management practices for Nile tilapia (Oreochromis niloticus) in 

Thailand. In M.R. Hasan & M.B. New, eds. On-farm feeding and feed management in aquaculture. FAO 

Fisheries and Aquaculture Technical Paper No. 583. 67 pp. Rome, FAO. (also available at 

www.fao.org/3/a-i3481e.pdf). 

 

Blake, D.J.H. 2006. The Singkhram River Wetlands: a critical floodplain ecosystem of the Lower 

Mekong Basin. Paper presented at the International River Symposium 2006, Brisbane, Australia, 4–7 

September 2006. 

 



289 

 

Coates, D. 2002. Inland capture fishery statistics of Southeast Asia: current status and information 

needs. RAP Publication 2002/11, pp. 114. Bangkok, Asia-Pacific Fishery Commission (also available at 

www.fao.org/docrep/005/AC487E/AC487E00.HTM). 

 

De Silva, S.S., Subasinghe, R.P., Bartley, D.M. & Lowther, A. 2004. Tilapias as alien aquatics in Asia 

and the Pacific: a review. FAO Fisheries Technical Paper No. 453. Rome, FAO. 65 pp. (also available at 

www.fao.org/docrep/007/y5728e/y5728e00.htm). 

 

FAO. 1995a. Increasing benefits from inland fisheries and aquaculture in Asia. TSS-1 Technical Support 

Services at Programme Level. UNDP/FAO work programme 1994–1995. Report No. RAS/94/01T Rome, 

FAO. 

 

FAO. 1995b. A synthesis of simple empirical models to predict fish yields in tropical lakes and 

reservoirs. UK, MRAG Ltd. (also available at 

https://www.mrag.co.uk/sites/default/files/fmspdocs/R6178/R6178_FTR.pdf). 

 

FAO. 2005–2014. National Aquaculture Sector Overview. Thailand. National Aquaculture Sector 

Overview Fact Sheets. Text by Pongsri, C. and Sukumasavin, N. In: FAO Fisheries and Aquaculture 

Department [online]. Rome. Updated 1 February 2005. [Accessed 28 April 2014].  

 

FAO. 2006. Inland waters − national statistical office questionnaire. FAOSTAT [online]. Rome. 

[Accessed 21 March 2014]. http://faostat3.fao.org/faostat-gateway/go/to/download/R/*/E. 

 

FAO. 2006−2016. Fisheries and aquaculture software. FishStat Plus – Universal software for fishery 

statistical time series. In: FAO Fisheries and Aquaculture Department [online]. Rome. Updated 

28 November 2013. [Cited 12 November 2014]. www.fao.org/fishery/statistics/software/fishstat/en. 

 

De Silva, S.S. Subasinghe, R.P., Bartley, D.M. & Lowther, A. 2004. Tilapias as alien aquatics in Asia 

and the Pacific: a review. FAO Fisheries Technical Paper No. 453. Rome, FAO. 65 pp. (also available at 

www.fao.org/docrep/007/y5728e/y5728e00.htm). 

 

Hall, S.J., Delaporte, A., Phillips, M.J., Beveridge, M. & O’Keefe, M. 2011. Blue frontiers: managing 

the environmental costs of aquaculture. Penang, WorldFish Center. 

 

Halwart, M. 1999. Fish in rice-based farming systems – trends and prospects. Data reported in 

M. Halwart & M.V. Gupta, eds. 2004. Culture of fish in rice fields. Rome, FAO & WorldFish Center. 

83 pp. (also available at www.fao.org/3/a-a0823e.pdf). 

 

Huke, R.E. & Huke, E.H. 1997. Rice area by type of culture: South, Southeast, and East Asia. A revised 

and updated database. Los Banos, IRRI. 

 

Indo-Pacific Fishery Commission (IPFC). 1984. Report of the second session of the IPFC working 

party on inland fisheries, New Delhi, India, 23–27 January 1984, and Report of the Joint Workshop of 

the IPFC working party on inland fisheries and the IPFC working party on aquaculture on the role of 

stocking and introductions in the improvement of production of lakes and reservoirs, New Delhi, 24–25 

January 1984. FAO Fishery Report No. 312: 56 pp. (also available at 

www.fao.org/docrep/005/AD026E/AD026E00.HTM). 

 

Janekarnkij, P. 2006. Assessing the value of Krabi River Estuary Ramsar Site conservation and 

development. ARE Working Paper No. 2553/4. Bangkok, Department of Agricultural and Resource 

Economics, Faculty of Economics, Kasetsart University. 

 

Jutagate, T. & Rattanachai, A. 2010. Enhancement and conservation of inland fisheries resources in 

Thailand. In W. Miao, S.D. Silva & B. Davy, eds. Inland fisheries enhancement and conservation in 



290 

 

Asia. RAP Publication 2010/22. Bangkok, FAO Regional Office for Asia and the Pacific. (also available 

at www.fao.org/docrep/013/i1984e/i1984e01.pdf). 

 

Komori, D., Nakamura, S., Kiguchi, M., Nishijima, A., Yamazaki, D., Suzuki, S., Kawasaki, A., 

Oki, K. & Oki, T. 2012. Characteristics of the 2011 Chao Phraya River flood in Central Thailand. 

Hydrological Research Letters, 6: 41–46. 

 

Lehner, B. & Doll, P. 2004. Development and validation of a global database of lakes, reservoirs and 

wetlands. Journal of Hydrology, 296: 1–22. 

 

Lymer, D., Funge-Smith, S., Khemakorn, P., Naruepon, S. & Ubolratana, S. 2008. A review and 

synthesis of capture fisheries data in Thailand. Large versus small-scale fisheries. RAP Publication 

2008/17. Bangkok, FAO. 51 pp. 

 

Mahasarakarm, O.P.N. 2007. An introduction to the Mekong fisheries of Thailand. Mekong 

Development Series No. 5. Vientiane, Mekong River Commission. 54 pp. (also available at 

www.mrcmekong.org/assets/Publications/report-management-develop/Mek-Dev-No5-Mekong-Fisheries-

Thailand-Eng.pdf). 

 

Mekong River Commission. 2007. An introduction to the Mekong fisheries of Thailand. Mekong 

Development Series No. 5. Vientiane, Mekong River Commission. 54 pp. (also available at 

www.mrcmekong.org/assets/Publications/report-management-develop/Mek-Dev-No5-Mekong-Fisheries-

Thailand-Eng.pdf). 

 

OEPP. 1999. Data reported in SEA. 2004. Draft national action plan on wetland management in the Gulf 

of Thailand under the UNEP-GEF project on reversing environmental degradation trends in the South 

China Sea and Gulf of Thailand. Bangkok, Kasetsart University, Thailand. (also available at 

www.unepscs.org/remository/startdown/1735.html). 

 

Pawaputanon. O. 2003. Inland fisheries information in Thailand. In FAO, ed. New approaches for the 

improvement of inland capture fishery statistics in the Mekong Basin. FAO-RAP publication 2003/1. 

Bangkok, FAO. 145 pp. 

 

Schwantes, V. 2007. Social. economic. and production characteristics of freshwater prawn 

Macrobrachium rosenbergii culture in Thailand. Michigan, School of Natural Resources and 

Environment, the University of Michigan (also available at 

http://deepblue.lib.umich.edu/bitstream/handle/2027.42/50489/Thesis_final.pdf?sequence=4). 

 

Southeast Asian Fisheries Development Center (SEAFDEC). 2012. Fishery statistical bulletin of 

South-East Asia 2010. Bangkok. Thailand. 
 

Spalding, M., Kainuma, M. & Collins, L., eds. 2010. World atlas of mangroves. London, Earthscan. 

 

Sugunan, V.V. 1997. Fisheries management of small water bodies in seven countries in Africa, Asia and 

Latin America. FAO Fisheries Circular No. 933. Rome, FAO. 149 pp. (also available at 

www.fao.org/docrep/w7560e/w7560e00.htm). 

 

Tongnunui, S., Wattanakornsiri, A., Pachana, K., Beamish, F.W.H. & Tongsukdee, S. 2011. 

Preliminary investigation of Irrawaddy Dolphin (Orcaella brevirostris) in the Bangpakong Estuary, Inner 

Gulf of Thailand. Environment and Natural Resources Journal, 9: 48–57. 

 

United Nations. 2011. Statistical yearbook: fifty-fourth issue. Table 7. New York, United Nations 

Publisher. 828 pp. (also available at http://unstats.un.org/unsd/publications/statistical-

yearbook/files/syb54/syb54.pdf). 

 

http://deepblue.lib.umich.edu/bitstream/handle/2027.42/50489/Thesis_final.pdf?sequence=4


291 

 

Van Zalinge, N., Degen, P., Pongsri, C., Nuov, S., Jensen, J., Nguyen, V.H. & Choulamany, X. 2004. 

The Mekong River system, pp. 333–355. In R.L. Welcomme & T. Petr, eds. Proceedings of the Second 

International Symposium on the Management of Large Rivers for Fisheries, Volume 1. Bangkok, FAO 

Regional Office for Asia and the Pacific. 356 pp. (also available at 

www.fao.org/docrep/007/ad525e/ad525e00.HTM). 

 

Viparat, C., Phimonbutra, U. & Chantarawaratid, C. 2000. Fishery and fisheries management in Thai 

reservoirs: review and assessment. Vientiane, Mekong River Commission. Reported in D. Lymer, 

S. Funge-Smith, P. Khemakorn, S. Naruepon & S. Ubolratana. 2008. A review and synthesis of capture 

fisheries data in Thailand. Large versus small-scale fisheries. Rap publication 2008/17. Rome, FAO. 

 

Virapat, C. & Mattson, N.S. 2001. Inventory of reservoir fishery resources in Thailand. In S. Sena,  

S.S. De Silva, eds. Reservoir and culture-based fisheries: biology and management. Proceedings of an 

International Workshop, 15–18 February 2000, Bangkok, Thailand. Canberra, Australian Centre for 

International Agricultural Research. (also available at 

http://ageconsearch.umn.edu/bitstream/135367/2/PR098.pdf#page=43). 

 

World Bank, FAO & WorldFish Center. 2010. The hidden harvests: the global contribution of capture 

fisheries. Washington, D.C., World Bank. 92 pp. (also available at http://tinyurl.com/ctq6yd8). 

 

WorldFish Center & International Fund for Agricultural Development. No date. Increasing and 

sustaining the productivity of fish and rice in the flood-prone ecosystems in South and Southeast Asia, 

100: 95–113. (also available at http://tinyurl.com/lnrtsdl). 

 

Xiao, W., Boles, S., Frolking, S., Li, C., Babu, J.Y., Salas, W. & Moore, B. 2006. Mapping paddy rice 

agriculture in South and Southeast Asia using multi-temporal MODIS images. Remote Sensing of 

Environment, 100: 95–113. (also available at 

www.sciencedirect.com/science/article/pii/S0034425705003433). 

 



292 

 

22. VIET NAM 
 

In this country profile, the indicator framework used to assess water availability and related economic, 

social and nutritional contributions provided by inland capture fisheries and aquaculture is applied to 

Viet Nam. Table 297 provides an overview of all the values of the compiled indicators. 

 

Table 297: Summary of water-related indicators, Viet Nam 

National-level indicator Amount 
Description in 

section 

Inland water area (km²) 38 500 22.1 

Percentage of inland water over country area (%) 12 22.1 

Percentage of permanent inland water over inland water area (%) 48 22.1 

Inland water area and aquaculture pond area (km²) 49 100 22.1 

Deep rice cultivated area (km2) 1 770–6 933 22.1 

Lowland rice cultivated area (km2) 57 987–60 510 22.1 

Inland fish production – quantity (tonnes) 196 500 22.2 

Inland fish production – value (US$1 000) 801 803–2 249 566 22.2 

Aquaculture contribution to inland fish production – quantity (%) 69–93 22.2 

Aquaculture contribution to inland fish production – value (%) 71–96 22.2 

Fish-water productivity – quantity (kg/ha) 545–735 22.3 

Fish-water productivity – value (US$/ha) 762–1 604 22.3 

Overall number of inland fishers and aquaculture farmers (people) 2 557 900–4 032 000 22.4 

Calculated number of inland fishers based on the extent of 

different types of inland waters (people) 
2 224 000–5 130 400 22.4 

Average density of overall inland fishers and aquaculture farmers 

(people/km²) 
55–85 22.4 

Fish protein supplied by inland fish production (tonnes) 282 500–384 400 22.5 

Fish-protein water productivity (kg/ha) 58–78 22.5 

 

In the following sections, existing information used for indicator compilation and related to water 

availability, inland fish production, fish-water productivity, employment and livelihood, and protein 

supply are reported and discussed in greater detail. 

 

22.1 Water availability, Viet Nam  
 

22.1.1 Estimates of “permanent inland waters” 

 

Viet Nam is characterized by a dense river network, including about 2 360 rivers with a length of more 

than 10 km, and the occurrence of many reservoirs of different sizes and some natural lakes. 

 

The importance of the river network is noted by the fact that 90 percent of the country area is covered by 

nine major river systems with a catchment size exceeding 10 000 km2 (An et al., 2006). They include the 

Bang Giang-Ky Cung River basin, Thai Binh (Red River) River basin, Hong River basin, Ma River 

basin, Ca La River basin, Thu Bon River basin, Ba River basin, Dong Nai River basin, and the Mekong 

River Basin. There is, however, no information on the actual open surface of the rivers. 
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The largest lake in Viet Nam is Lake ThiNai (51 km2); the remaining few lakes are usually less than 

5 km2 (De Silva and Funge-Smith, 2005), such as Lake Ba Be (4.5 km2), Lake Ho-Tay (4.13 km2), 

Lake Chu (3 km2), Lake Chinh Cong (4 km2) Lake Bien Ho (6 km2) (FAO, 2013). In 2005, the 

Vietnamese Fisheries Informatics Center reported that lakes and canals totalled 1 200 km2 (MOFI and 

World Bank, 2005). 

 

As mentioned, Viet Nam is characterized by a large number of reservoirs; it is estimated that there are 

650 large and medium reservoirs and about 3 500 small reservoirs (FAO, 2013). Estimating the overall 

number and size of current reservoirs is difficult, as on the one side the number of reservoirs is expected 

to have increased over time, and on the other many reservoirs are shallow and highly affected by siltation, 

which cause a decline in reservoir capacity; reservoirs are also abandoned and naturally transformed into 

wetlands (De Silva and Funge-Smith, 2005). 

 

In 2005, the Fisheries Informatics Center reported that large reservoirs covered 3 400 km2 (MOFI and 

World Bank, 2005; De Silva and Funge-Smith, 2005), including Cam Son Reservoir (26 km2), Thac Ba 

Reservoir (234 km2), Hoa Binh Reservoir (218 km2), Dau Tieng Reservoir (350 km2), Song Da Reservoir 

(728 km2), Tri An Reservoir (270 km2), and Xe Go Reservoir (25 km2) (FAO, 2013). Most of the large 

reservoirs are multi-purpose and, with a few exceptions, are also used for fish production for stock 

enhancement and cage culture. 

 

The recent estimate made in 2005 by the Fisheries Informatics Center is higher than earlier statistics on 

the reservoir extent. In the northern highlands region of the country, the occurrence of 1 705 small 

reservoirs was reported with a total extent of 656 km2 (Anh and Son, 1999), while in the central highlands 

370 reservoirs covered together an area of 85 km2 (Huy et al., 1999). 

 

The more comprehensive available estimate of “permanent inland waters” is provided by the General 

Statistics Office of Vietnam (2009), and includes two water classes defined as “water surface land for 

fishing” (7 384 km2) and “rivers and specialized water surfaces” (10 905 km2). The figure (18 289 km2) is 

very close to the estimate (17 000 km2) reported by MOFI and the World Bank (2005). On the contrary, 

the extent of lakes, rivers and reservoirs mapped in the GLWD (Lehner and Doll, 2004) reports only a 

minor portion of existing water resources. 

 

However, the present estimate of “permanent inland waters” (18 289 km2) is likely to underestimate the 

extent of “permanent inland waters” in the country. It should be noted that the river network in Viet Nam 

has a length of more than 23 600 km and that the extent of the Mekong River Delta alone (6 413 km2) is 

about one-third of the overall reported figure of the inland water resources. 

 

22.1.2 Estimates of “seasonally flooded areas” 

 

In Viet Nam, the two major flooded areas occur along the Mekong and Red Rivers and their deltas. The 

total land area of the Mekong River Delta exceeds 39 000 km2, accounting for approximately 12 percent 

of the country’s total area, which is three times larger than the Red River Delta. 

 

During the monsoon season, the northern part of the Mekong River Delta is flooded every year by the 

overflowing of the Mekong River. In particular, flooded areas are found in the Plain of Reeds 

(5 000 km2), in the Long Xuyen Seven quadrangle, in Dong Thap Muoi, and in the Western Hau River 

Delta (WorldFish Center and IFAD, no date). 

 

It has been reported that the flood of the Mekong River would have covered the entire Plain of Reeds 

naturally, which is constituted by a vast wetland depression (average elevation 0.5 to 1.5 metres a.s.l.) of 

about 7 000 km2 covered by seasonally flooded grasslands and forests. This depression naturally serves as 

a water buffer area that helps to regulate the regime of the Mekong River. Today, the hydrological regime 

of the Plain of Reeds is severely altered by the dense network of canals built for agriculture, and the 

extent of flooded areas has decreased (Nguyen and Wyatt, 2006). 
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The extent of the flood can vary from year to year. In a regular flood, water can cover an area of  

12 000–14 000 km2, while a major flood can cover an area of 17 000–19 000 km2 (Phuong et al., 2003; 

Hashimoto, 2001). Water depth can vary from 0.5 to 4.0 metres, and land can be covered by water from 

three to six months (Hashimoto, 2001). The maximum estimate of flood extent (17 000–19 000 km2) is 

similar to the total extent of the floodplain in the Vietnamese portion of the Mekong River Delta 

(20 232 km2) (Le Dien, 1989). This delta includes the floodplains along the banks of the Tien and Hau 

Rivers (12 019 km2), the Thap Muoi closed floodplain (4 144 km2), the Ha Tien open floodplain 

(2 175 km2), and the U Minh Melaleuca forests (1 894 km2) (Le Dien, 1989). 

 

The second minor flooded area is found in the lowland areas around the Red River Delta. This area once 

was highly productive for fish, but because it has been subject to extensive flood control, the resultant 

fragmentation has affected important fish breeding and fish nursery areas (FAO, 2005). It has been 

estimated that there are roughly 1 000 km2 that are seasonally flooded areas potentially relevant for 

fisheries (Prein and Dey, 2006). The largest estimate of “seasonally flooded area” (20 231 km2) reported 

by Le Dien (1989) was used as a conservative figure. 

22.1.3 Estimates of “inland water area” and related indicators 

 

The extent of “inland water area” in Viet Nam is estimated to be 38 500 km². “Inland water area” 

represents 12 percent of the entire country area (331 212 km², United Nations, 2011) and “permanent 

inland waters” constitute 48 percent of “inland water area” (Table 298). 

 

Table 298: Estimates of “inland water area” and related indicators, Viet Nam 

Water resources Amount Reliability Source 

a. Permanent inland waters (km²) 

18 289  
Non-GIS: General Statistics 

Office of Viet Nam, 2009 

17 000  
Non-GIS: MOFI & World Bank, 

2005 

2 960  GIS: Lehner & Doll, 2004 

b. Seasonally flooded areas (km²) 20 232  Non-GIS: Le Dien, 1989 

Inland water area (km²) (a+b) 
38 500 Low  

20 887  Non-GIS: FAO, 2010a 

Percentage of permanent inland water 

over inland water area (%) 
48 Low  

Percentage of inland water over country 

area (%) 
12 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

By comparison, the extent of “inland water area” recorded in the FAOSTAT country database is 

20 887 km², which is very close to the estimated extent of “permanent inland water”. The FAOSTAT 

value is derived from the difference between “country area” and “land area” (FAO, 2010a), which are 

official figures reported by the country to the FAO Statistics Department. 

 

The reliability of the “inland water area” and related indicators is considered low due to a likely 

underestimation of the river component within the estimation of the “permanent inland waters”, and only 

probably partially compensated by the estimation of the “seasonally flooded areas”. 

 

22.1.4 Estimates of “aquaculture pond area” and related indicators 

 

In 2009, official statistics reported to the FAO Fisheries and Aquaculture Department recorded an 

“aquaculture pond area” of about 10 562 km2. This figure is not very different from the extent reported in 

2005 by Nguyen (2007). Of this figure, more than 50 percent of the recorded extent of “aquaculture pond 

area” is used for shrimp culture. According to the Vietnamese Directorate of Fisheries in 2013, the area 

used for shrimp cultivation has reached 6 526 km2, which includes 5 889 km2 ponds for giant tiger shrimp 

ftp://ftp.fao.org/fi/document/fcp/en/FI_CP_VN.pdf
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(Penaeus monodon) culture and 637 km2 for white shrimp (Penaeus vannamei) (Shrimp News 

International, 2013) (Table 299). 

 

The main area of shrimp production is in the Mekong River Delta, which is also an area that is used for 

intensive aquaculture of catfish. Traditionally, catfish were raised using cages and pens in natural 

waterbodies. However, the push toward intensification of production has changed aquaculture practices 

and catfish are commonly raised at high density in the “aquaculture pond area” enhanced with pellet 

feeds (Kam et al., 2012). 

 

Hall et al. (2011) estimated the surface water required for aquaculture on the basis of aquaculture 

production recorded in 2008 at different production intensities (Table 300). The output of their analysis 

shows the striking difference between the “aquaculture pond area” for shrimp farming and catfish 

farming (Table 300). 

 

Table 299: Estimates of the “aquaculture pond area” and related indicators, Viet Nam 

Farmed species 
Surface 

(km²) 
Reliability Source 

a. Freshwater pond aquaculture 

Freshwater and diadromous fish  
3 437 

 FAO Fisheries and Aquaculture 

Department, unpublished data, 2009 

2 721  Nguyen, 2007 

Crustaceans 
64 

 FAO Fisheries and Aquaculture 

Department, unpublished data, 2009 

65  Nguyen, 2007 

Molluscs 57 
 FAO Fisheries and Aquaculture 

Department, unpublished data, 2009 

Other aquatic animals 41  Nguyen, 2007 

b. Brackish-water pond aquaculture 

Freshwater and diadromous fish  
285 

 FAO Fisheries and Aquaculture 

Department, unpublished data, 2009 

165  Nguyen, 2007 

Crustaceans 
6 255 

 FAO Fisheries and Aquaculture 

Department, unpublished data, 2009 

6 169  Nguyen, 2007 

Molluscs 464 
 FAO Fisheries and Aquaculture 

Department, unpublished data, 2009 

Other aquatic animals 438  Nguyen, 2007 

c. Unspecified pond aquaculture 

Unspecified 
10 562 

 FAO Fisheries and Aquaculture 

Department, unpublished data, 2009 

9 599  Nguyen, 2007 

d. Estimated cage area n.d.   

Aquaculture pond area (a+b+c+d) 10 600 Medium  

Inland water area and aquaculture 

pond area 
49 100 Medium 

 

Notes: Bold highlights the data used. Indicator values have been rounded. n.d. = no data. 
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Besides catfish and shrimp farming, Viet Nam’s aquaculture uses a wide range of freshwater and 

brackish-water species (FAO 2005–2014). Thus, if the estimates by Hall et al. (2011) of catfish and 

shrimp farming are correct, then it is likely the overall national “aquaculture pond area” should be higher 

than the current official figure of 10 600 km2. 

 

Table 300: Calculated “aquaculture pond area” from estimated production intensities, Viet Nam 

Farmed species 

Estimated 

production in 2008 

(tonnes) 

Estimated pond area 

(km²) 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d. n.d. 

Catfish n.d. n.d. 

Crustaceans 288 894 11 556 

Molluscs n.d. n.d. 

Other aquatic animals n.d. n.d. 

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d. n.d. 

Catfish n.d. n.d. 

Crustaceans 22 722 151 

Molluscs n.d. n.d. 

Other aquatic animals n.d. n.d. 

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d. n.d. 

Catfish 1 250 000 42 

Crustaceans 9 738 19 

Molluscs n.d. n.d. 

Other aquatic animals n.d. n.d. 

Estimated aquaculture pond area for selected group 

of species (km²) (a+b+c) 
                                              11 800 

Source: Halls et al. (2011). 

Notes: Bold highlights the data used. n.d. = no data. 

 

The reliability of the “inland water area and aquaculture pond area” is currently considered medium and 

more information is needed to confirm the aquaculure pond area in the country owing to some 

inconsistency found in the comparison of available data sources.  

22.1.5 Estimates of “deep rice” and “lowland cultivated areas” 

 

In Viet Nam, the estimation of the cultivation of deep rice is quite variable, between 1 800 km2 and 

6 900 km2, and corresponds to 3 percent and 11 percent of the national rice crop area according to the 

estimates reported, respectively, by Huke and Huke (1997) and by Halwart (1999) (Table 301). 

 

The national rice crop area reported by Huke and Huke (1997) is similar to the value reported by Halwart 

(1999) and close to the national agricultural statistics reported in Xiao et al. (2006), but 40 percent higher 

than the national rice crop area detected by remote sensing by Xiao et al. (2006). This discrepancy could 

be related to the fact that substantial shares of rice cultivation are double and even triple the cropped 

areas (Xiao et al., 2006). 

 

The lowland rice cultivated area is derived by considering the national rice crop area with the exclusion 

of the upland rice cultivated area. The lowland rice cultivated area is estimated to be between 58 000 km2 

and 60 500 km2 according to the estimates reported, respectively, by Halwart (1999) and Huke and 

Huke (1997). 
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The reliability of the “deep rice cultivated area” and “lowland rice cultivated area” is considered low 

given the lack of updated information and the variability in the estimate of the deep rice cultivated areas 

and the national rice crop areas. The deep rice and lowland cultivated areas have been assembled to test 

their potential use as a proxy for, respectively, traditional rice-fish integrated systems and for areas 

potentially interested in more modern rice-fish integrated systems. However, the gap between the two 

indicators is too wide and the indicators are not useful in this sense.  

 

Table 301: Estimates of “deep rice” and “lowland rice cultivated areas”, Viet Nam 

Rice crop Surface (km²) Reliability Source 

a. Deep rice 
1 770  Non-GIS: Huke & Huke, 1997 

6 933  Non-GIS: Halwart, 1999 

b. Upland rice 
3 220  Non-GIS: Huke & Huke, 1997 

5 042  Non-GIS: Halwart, 1999 

c. National rice crop area area 

63 730  Non-GIS: Huke & Huke, 1997 

63 030  Non-GIS: Halwart, 1999 

75 040  Non-GIS: Xiao et al., 2006 

42 650  GIS: Xiao et al., 2006 

Deep rice cultivated area (a) 1 800–6 900 Low  

Lowland rice cultivated area (c − b) 58 000–60 500 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

22.2 Inland fish production, Viet Nam 
 

22.2.1 Estimates of “inland capture fisheries production – quantity” 

 

The five-year average of inland capture fisheries production in Viet Nam between 2008 and 2012 

reported from the official statistics is about 196 500 tonnes (Table 302). 

 

Table 302: Estimates of “inland capture fisheries production – quantity”, Viet Nam 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 197 690  FAO, 2006−2016 

Average 2003–2007 202 674  FAO, 2006−2016 

Average 2008–2012 196 500  FAO, 2006−2016 

Annual fish production 1 129 298 
 World Bank, FAO and 

WorldFish Center, 2010 

Annual fish production 600 000–800 000  Coates, 2002 

Regional estimates 

Annual fish production in the Viet Nam 

lower Mekong Basin 

850 100  van Zalinge et al., 2004 

597 000  Barlow, 2002 

Annual fish production in rivers and 

floodplains 
190 000  van Zalinge et al., 2004 

Estimate of inland capture fisheries 

production – quantity 
196 500–1 129 300 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

However, this national average is close to the estimate given by van Zalinge et al. (2004) for fish 

production from river and floodplains alone. 

 

In Viet Nam, inland capture fisheries production is mainly artisanal and is one of the lowest among the 

south-east Asian countries. Some authors have reported different estimates of national inland fish 

production based on consumption values, which are estimated to be 49 kg/capita per year (World Bank, 

FAO and WorldFish Center, 2010). Alternative non-official estimates assess that the national fish 

production from inland capture fisheries is about 1 129 298 tonnes/year (World Bank, FAO and 

WorldFish Center, 2010), of which the greater part refers to the Lower Mekong Basin in Viet Nam with 
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an estimated production between 600 000 and 850 000 tonnes/year (Barlow, 2002; Coates, 2002; van 

Zalinge et al., 2004). 

 

The reliability of the national “estimate of inland capture fisheries production – quantity” is considered 

low because of the existing divergence between the official and non-official estimates on inland capture 

fisheries production. 

22.2.2 Estimates of “non-marine aquaculture production – quantity” 

 

The official statistics reported to the FAO Fisheries and Aquaculture Department  between 2008 and 

2012 showed that the national average of non-marine aquaculture production was nearly 2.5 million 

tonnes per year. The average aquaculture production recorded between 2008 and 2012 has nearly doubled 

the average production recorded between 2003 and 2007 (Table 303). 

 

Table 303: Estimates of “non-marine aquaculture production – quantity”, Viet Nam 

Fish production Amount (tonnes) Reliability Source 

Average 1998–2002 462 129  FAO, 2006−2016 

Average 2003–2007 1 320 162  FAO, 2006−2016 

Average 2008–2012 2 479 081  FAO, 2006−2016 

Estimate of non-marine aquaculture 

production – quantity 
2 479 100 Medium 

 

Notes: Bold highlights the data used. Indicator values have been rounded. 

 

The reliability of the “estimate of non-marine aquaculture production – quantity” is considered medium 

since more information is required to confirm the reported production trend. 

22.2.3 Estimates of “inland capture fisheries production – value” 

 

In Viet Nam, official statistics related to inland capture fisheries production have a species breakdown of 

two major groups of species (freshwater and diadromous fish, and crustaceans). In 2004, Truong, Do and 

Nguyen (2008) suggested that the conservative first-sale price for species harvested in the Viet Nam delta 

was US$0.6/kg. This estimate is close to the estimate of US$0.68 reported by (Sverdrup-Jensen, 2002) 

for the inland capture fisheries in the Lower Mekong Basin. Both first-sale estimates seem in agreement 

with a survey carried out by the Mekong River Commission in 2003–04, which assessed an average retail 

fish price of US$1.4/kg in different markets in the Mekong Delta (Campbell, 2009) (Table 304). 

 

Table 304: Estimates of first-sale prices of wild caught species, Viet Nam 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and diadromous 

fish   

0.5–1.8 Estimated in this report 

1–1.8 Hortle, 2009 

(0.6) Truong, Do & Nguyen, 2008 

(0.7) Sverdrup-Jensen, 2002 

[(1.4)] Campbell, 2009 

Crustaceans  4–5 Estimated in this report 

Notes: Values in round brackets indicate baseline reference figures being values referred to an earlier time frame than the analysed time period of 

2008−12. Values in square brackets indicate reference figures that are not first-sale price of fresh fish; they refer to wholesale or export values, or 

to dry, smoked or salted fish (see text for details). Bold highlights the data used. 
 

The most recent available estimate for the average fish first-sale price is provided by Hortle (2009), who 

suggests a first-sale price of US$1–US$1.8 in the Mekong River Basin. Thus, conservatively, a price 

between US$0.5 and US$1.8 per kg has been applied to calculate the value of the unidentified fish 

species (i.e. freshwater and diadromous fish). 
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Crustaceans cover approximately 6 percent of the overall inland capture fisheries production, but no 

information could be found on their first-sale price. Thus, on the basis of the prices reported for farmed 

crustaceans, considering that cultured species usually reach a larger size and have a higher value, a 

conservative estimate of US$4–5 per kg for captured shrimp has been used. 

 

A comparative price estimate between the prices of harvested aquatic products and the prices of farmed 

aquatic products showed that the prices of harvested aquatic products in Viet Nam are approximately half 

the price of farmed aquatic products (Mainuddin, Kirby and Chen, 2011). This price asymmetry is 

currently not reflected in the unit price used to estimate the value of inland capture fisheries production. 

 

By using the first-sale prices reported in Table 304, the “estimated value of inland capture fisheries 

production”, recording an average production of 196 500 tonnes/year between 2008 and 2012, is assessed 

to be between US$139 million and US$391 million per year (Table 305). 

 

Table 305: Estimates of “inland capture fisheries production – value” based on official statistics, 

Viet Nam 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest 

unit price 

(US$1 000) 

Value using highest 

unit price 

(US$1 000) 

Freshwater and diadromous 

fish   
0.5–1.8 184 740 92 370 332 532 

Crustaceans  4–5 11 760 47 040 58 800 

Total 196 500 139 410 391 332 

 

The alternative estimate of inland capture fisheries production of 1 129 300 reported by the World Bank, 

FAO and WorldFish Center (2010) is determined using the estimates of US$0.5–US$1.8 per kg of 

first-sale price for fish and US$4–US$5 per kg for crustaceans, and considers the breakdown in species 

composition reported in Table 306, showing that 94 percent is for fish species and 6 percent is for 

crustaceans. Consequently, the inland capture fisheries production of 1 129 300 tonnes/year is estimated 

to have an average market value of US$802 million and US$2.2 billion per year.  

 

Table 306: Estimates of “inland capture fisheries production – value” based on non-official figures, 

Viet Nam 

Species  
Unit price 

(US$/kg) 

Reported production 

by 

World Bank, FAO and 

WorldFish Center, 2010 

Value using 

lowest unit price 

 (US$1 000) 

Value using  

highest unit price 

(US$1 000) 

Freshwater and 

diadromous fish  
0.5–1.8 1 061 542 530 771 1 910 776 

Crustaceans 4–5 67 758 271 032 338 790 

Total 1 129 300 801 803 2 249 566 

 

By considering both official and non-official fish production figures, the “estimated value of inland 

capture fisheries production” in Viet Nam spans between US$139 million and US$2.2 billion per year. 

22.2.4 Estimates of “non-marine aquaculture production – value” 

 

In Viet Nam, the aquaculture production is dominated by the intensive production of Pangasius catfish 

(Pangasius spp.). The farmgate price of Pangasius spp. is highly influenced by the wide price 

fluctuations on export markets. When the export price increases, the farmer is also able to sell at higher 

prices (Smith, 2013). Therefore, Smith (2013) reported a range of farmgate prices between US$0.9 and 

US$1.4 per kg. This price fluctuation seems to be also confirmed by the different prices reported by 



300 

 

several data sources. Thus, the widest reported value range from US$0.5 to US$1.4 per kg was used to 

assess the value of Pangasius spp (Table 307). 

 

The second major cultured species groups are carps. No specific reference was found for carp culture; 

therefore, the same unit price of freshwater and diadromous fish was used. 

 

The overall value assessed by SEAFDEC (2011) for aquaculture production is approximately US$1.9/kg. 

This figure seems in agreement with the observation that the bulk of aquaculture production in Viet Nam 

is usually less than US$2/kg and the fact that farmgate prices of most cultured species have remained 

rather stable during the past ten years (De Silva, 2008). Therefore, a price of between 

US$0.5−US$1.9 per kg was applied to the group of freshwater and diadromous fish. For tilapia 

(Oreochromis spp.) and catfish (Clarias spp.), the conservative FAO estimate of US$1.5/kg was used to 

assess their values (FAO, 2006−2016). 

 

In Viet Nam, the largest production of crustaceans is recorded for giant tiger prawn (Penaeus monodon) 

and whiteleg shrimp (Penaeus vannamei), which have a more developed aquaculture production than the 

giant river prawn (Macrobrachium rosenbergii). According to the different collected sources, the 

farmgate price of crustaceans varies between US$3 and US$5.9 per kg (Table 307). The lowest prices are 

reported for whiteleg shrimp (Penaeus vannamei) and for Indo-Pacific swamp crab (Scylla serrata). The 

highest price of US$5.9/kg is reported for giant tiger prawn (Peneus monodon) (Binh, Nghia and 

Sorgeloos, 2009). Moana Ltd (2007) reported that its price is usually recorded between US$5 and 

US$5.9 per kg. Thus, the price of the giant river prawn (Macrobrachium rosenbergii) has been estimated 

to be between US$4 and US$5.9 per kg, the price of giant tiger prawn (Penaeus monodon) between US$5 

and US$5.9 per kg, and the remaining crustaceans species between US$4 and US$5 per kg. 

 

Table 307: Estimates of farmgate prices of aquaculture species, Viet Nam 

Species  
Unit price 

(US$/kg) 
Source 

Freshwater and 

diadromous fish  

0.5–1.9 Estimated in this report 

1.9 SEAFDEC, 2011 

(1.2) Phillips, 2002 

(1.05) Sverdrup-Jensen, 2002 

Cyprinus carpio 1.2–1.9 Estimated for this study 

Pangasius spp. 

0.5–1.4 Estimated for this study 

0.5–0.8 De Silva, 2008 

0.8–0.9 FAO, 2010b 

0.9–1.4 Smith, 2013 

Clarias spp. 1.5 FAO, 2006−2016 

Oreochromis spp. 1.5 FAO, 2006−2016 

Crustaceans 5–5.9 Moana Ltd, 2007 

Macrobrachium 

rosenbergii 

4.0 FAO, 2006−2016 

5.9 Binh, Nghia & Sorgeloos, 2009 

Metapenaeus spp. 4.0 FAO, 2006−2016 

Penaeus indicus 4.0 FAO, 2006−2016 

Penaeus merguiensis 
4.0 FAO, 2006−2016 

5.0 Moana Ltd, 2007 

Penaeus monodon 
5.9 Binh, Nghia & Sorgeloos, 2009 

5–5.9 Moana Ltd, 2007 

Penaeus vannamei 3.1 Binh, Nghia & Sorgeloos, 2009 

Scylla serrata 3.0 FAO, 2006−2016 

Molluscs 1.0 FAO, 2006−2016 
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Species  
Unit price 

(US$/kg) 
Source 

Other aquatic animals 

Rana spp. 3 FAO, 2006−2016 

Holothuria scabra 5 FAO, 2006−2016 

Testudinata 4 FAO, 2006−2016 

Notes: Bold highlights the data used. Indicator values have been rounded. Values in round brackets indicate baseline reference figures being 

values referred to an earlier time frame than the analysed time period of 2008–12. n.d. = no data. 

 

By using the farmgate prices reported in Table 307, the “estimated value of non-marine aquaculture 

production”, recording an average production of 2 479 100 tonnes/year between 2008 and 2012, is 

assessed to be between US$3.6 billion and US$5.6 billion per year (Table 308). 

 

Table 308: Estimates of “non-marine aquaculture production – value”, Viet Nam 

Species  
Unit price 

(US$/kg) 

Average 

production 

2008–2012 

(tonnes) 

Value using lowest unit 

price 

(US$1 000) 

Value using highest unit 

price 

(US$1 000) 

Freshwater and 

diadromous fish  
0.5-1.9 182 636 91 318 347 008 

Cyprinus carpio 1.2-1.9 558 340 670 008 1 060 846 

Pangus spp. 0.5–1.4 1 166 200 583 100 1 632 680 

Clarias spp. 1.5 14 920 22 380 22 380 

Oreochromis spp. 1.5 72 840 109 260 109 260 

Crustaceans 

Macrobrachium 

rosenbergii 
4–5.9 8 218 32 872 48 486 

Metapenaeus spp. 4–5 7 200 28 800 36 000 

Penaeus indicus 4–5 4 200 16 800 21 000 

Penaeus merguiensis 4–5 9 359 37 438 46 797 

Penaeus monodon 5–5.9 324 720 1 623 600 1 915 848 

Penaeus vannamei 3.1 105 660 327 546 327 546 

Scylla serrata 3 5 100 15 300 15 300 

Molluscs 1 7 610 7 610 7 610 

Other aquatic animals 

Rana spp. 3 12 000 36 000 36 000 

Holothuria scabra 5 58 260 260 

Testudinata 4 20 80 80 

Total 3 602 402 5 627 132 

 

22.2.5 Estimates of “inland fish production” in quantity and value and related indicators 

 

The economic indicators related to “inland fish production” in quantity and value consider together the 

inland capture fisheries and non-marine aquaculture production. In Viet Nam, the “inland fish production 

– quantity” between 2008 and 2012 supplied, on average, 3 and 4 million tonnes per year with an 

estimated value between US$4 billion and US$8 billion (Table 309). 

 

The “aquaculture contribution to inland fish production” between 2008 and 2012 is estimated to be 

between 69 and 93 percent in terms of quantity and between 71 and 96 percent in terms of value 

(Table 309). The reliability of the “inland fish production” and the “aquaculture contribution to inland 

fish production”, both assessed in terms of quantity and value, is considered low on the basis of the 

divergence of existing estimates of “inland fish production”, which affects all remaining 

economic indicators.  
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Table 309: Estimates of “inland fish production” in quantity and value and related indicators, 

Viet Nam 

Variable 

Quantity 

(tonnes) 

Value 

(US$1 000) 
Source 

Lowest 

estimate 

Highest 

estimate 

Lowest 

estimate 

Highest 

estimate 

a. Inland capture fisheries 

production 
196 500 1 129 300 139 410 2 249 566 

Table 302, , Table 

306 

b. Aquaculture production 2 479 100 n.a. 3 602 402 5 627 132 
Table 303, Table 

308 

Inland fish production (a+b) 2 675 600 3 608 400 3 741 812 7 876 698  

Aquaculture contribution to 

inland fish production (%) 
[b/(a+b)]×100 

93 69 96 71  

Notes: Where the indicator is composed of only one value, the value appears in the lowest estimate column. n.a. = not applicable. 

 

22.3 Fish-water productivity, Viet Nam 

 

22.3.1 Estimates of “fish-water productivity – quantity” 

 

The national average “fish-water productivity – quantity”, measured in kg/ha, is obtained by dividing 

“inland fish production – quantity” by the extent of “inland water area and aquaculture pond area” in 

which fish stocks live or are raised. In Viet Nam, the annual “fish-water productivity – quantity” is 

estimated to be between 545 and 735 kg/ha (Table 310) and its reliability is considered medium. 

 

Table 310: Estimates of “fish-water productivity – quantity”, Viet Nam 

Variable Amount Reliability Source 

Inland fish production 

a. National estimate of inland capture fisheries production 

(tonnes) 

196 500–

1 129 300 
 Table 302 

b. National estimate of aquaculture production (tonnes) 2 479 100  Table 303 

Water resources 

c. Inland water area (km2) 38 500  Table 298 

d. Aquaculture pond area (km2) 10 600  Table 299 

Fish-water productivity – quantity (kg/ha) [(a+b)/(c+d)] 545–735 Medium  

 

The value of the “fish-water productivity – quantity” is likely to reflect the fish-water productivity from 

aquaculture with some type of enhancements rather than the fish-water productivity from inland capture 

fisheries production. In fact, the “fish-water productivity – quantity” is higher than the fish-water 

productivity reported for lakes, rivers and reservoits, but also higher than the fish-water productivity 

reported for floodplains and rice paddy fields (Table 311), as well as the values reported for extensive 

pond aquaculture (Table  312).  

 

The highest fish-water productivities are recorded for catfish (Table 312). The culture of catfish 

(Pangasius hypophthalmus and P. bocourti) began with the culture of P. bocourti; however, over time 

this species has almost been completely substituted by the striped catfish (P. hypophthalmus), which is 

raised at high intensity in earthen ponds using pellet feeds (Kam et al., 2012). 

 

 

 

 

 

 



303 

 

 

Table 311: Local-level estimate of fish-water productivity by types of water resource, Viet Nam 

Lake 

(kg of fish/ha 

of water) 

Reservoir 

(kg of fish/ha  

of water) 

River 

(kg of fish/ha  

of water) 

Floodplain 

(kg of fish/ha 

of water) 

Rice paddy 

(kg of fish/ha 

of water) 

Source 

n.d. 23 n.d. n.d. n.d. FAO, 1995 

n.d. n.d. n.d. 42–80* n.d. 
de Graaf & Chinh, no 

date 

n.d. n.d. n.d. n.d. 344–436 Minh et al., 2003 

n.d. n.d. 52–75 n.d. n.d. 
Anh, Chiem & Dung, 

2003 

24 

Thac ba Lake 
n.d. n.d. n.d. n.d. 

Anh, Chiem & Dung, 

2003 
15 

Cam son Lake 
n.d. n.d. n.d. n.d. 

Anh, Chiem & Dung, 

2003 

n.d. n.d. n.d. 430 n.d. 
MOFI & World Bank, 

2005 

*Value refers to minimum estimates recorded during a survey in 1992. 
Note: n.d. = no data. 

 

Table 312: Local-level estimate of fish-water productivity by type of aquaculture system, Viet Nam 

Farmed species 
Fish-water productivity 

(kg/ha) 
Source 

a. Extensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans 300–500 Kam et al., 2012 

Molluscs n.d.  

Other aquatic animals n.d.  

b. Semi-intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish n.d.  

Crustaceans 1 500–2 000 Kam et al., 2012 

Molluscs n.d.  

Other aquatic animals n.d.  

c. Intensive aquaculture 

Freshwater and diadromous fish (excluding catfish) n.d.  

Catfish 200 000–400 000 De Silva & Phuong, 2011 

Crustaceans 4 000–9 000 Kam et al., 2012 

Molluscs 4 800 Sinh et al., 2011 

Other aquatic animals n.d.  

 

 

22.3.2 Estimates of “fish-water productivity – value” 

 

The national average “fish-water productivity – value”, measured in US$/ha, is obtained by dividing 

“inland fish production – value” by the extent of “inland water area and aquaculture pond area”. On the 

basis of available information on unit prices and the quantity of fish captured or cultured in the estimated 

“inland water area and aquaculture pond area”, the resulting “fish-water productivity – value” indicator 

expresses the value of one hectare of water area available to the inland fisheries sector, which in 

Viet Nam varies between US$762 and US$1 604 (Table 313). 

 

After China, the “fish-water productivity – value” is the highest among the countries of the Lower 

Mekong River Basin. The reliability of the indicator is medium, considering on the one side the potential 
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underestimation of the “inland water area and aquaculture pond area”, and on the other the relatively high 

unit prices reported in Viet Nam. 

 

Table 313: Estimate of “fish-water productivity – value”, Viet Nam 

Variable Amount Reliability Source 

Fish production 

a. National estimate of inland capture fisheries production 

(US$1 000) 
139 410−2 249 566  

Table 302 

b. National estimate of aquaculture production (US$1 000) 3 602 402−5 627 132  
 

Table 303  

Water resources 

c. Inland water area (km2) 38 500  Table 298 

d. Aquaculture pond area (km2) 10 600  Table 299 

Fish-water productivity − value (US$/ha) [(a+b)/(c+d)] 762−1 604 Medium  
 

22.4 Employment and livelihood, Viet Nam 

 

22.4.1 Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators 

 

In 2012, official figures reported by Viet Nam to the FAO Fisheries and Aquaculture Department 

accounted for 1 000 000 aquaculture farmers in the country, but there is no recent official figure that 

refers to the number of inland fishers (Table 314). 

 

In 1998, the General Statistics Office of Viet Nam (1999) reported the numbers of inland fishers in 

different regions, which, summed together, provide a national estimate of 1 557 921 inland fishers. More 

recently, a non-official estimate for the country assessed the number to be about 3 031 990 inland fishers 

(WorldBank, FAO and WorldFish Center, 2010) (Table 314), which lies in between the median 

(2 224 000 people) and the maximum (5 130 000 people) number of inland fishers calculated on the basis 

of the extent of water resources in Viet Nam, and the average densities of inland fishers recorded in Asia 

in different types of inland waters (see section 22.4.2). Both official and non-official data sources have 

been used to compile the social indicators.  

 

Currently, the best available estimate of the “overall number of inland fishers and aquaculture farmers” is 

between 2 557 900 and 4 032 000, which divided by the “inland water area and aquaculture pond area” 

(49 100 km², Table 299), gives an “average density of overall inland fishers and aquaculture farmers” of 

52–82 people/km². 

 

The reliability of the two compiled social indicators is considered medium in view of the current lack of 

official statistics on the number of inland fishers and the use of non-official estimates, which should be 

confirmed with additional information.  
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Table 314: Estimates of “overall number of inland fishers and aquaculture farmers” and related 

indicators, Viet Nam 

Variable Amount Reliability Source 

a. Number of inland fishers (people) 3 031 990  
WorldBank, FAO & WorldFish 

Center, 2010 

Number of fishers in the country in 1998 1 557 921  
General Statistics Office of 

Viet Nam, 1999 

Number of fishers in the north-east region 37 270  
General Statistics Office of  

Viet Nam, 1999 

Number of fishers in the north-west region 1 068  
General Statistics Office of  

Viet Nam, 1999 

Number of fishers in the north central coast 370 798  
General Statistics Office of  

Viet Nam, 1999 

Number of fishers in the south central coast 335 099  
General Statistics Office of  

Viet Nam, 1999 

Number of fishers in the central highlands 2 260  
General Statistics Office of  

Viet Nam, 1999 

Number of fishers in the other regions 285 232  
General Statistics Office of  

Viet Nam, 1999 

Number of fishers in the Red River Delta 77 630  
General Statistics Office of  

Viet Nam, 1999 

Number of fishers in the Mekong River Delta 448 564  
General Statistics Office of  

Viet Nam, 1999 

Number of fishers in the Mekong River Delta 1 700 000  Coates, 2002 

b. Number of aquaculture farmers (people) 1 000 000  

FAO Fisheries and Aquaculture 

Department, unpublished data, 

2012 

c. Inland water area (km2) 38 500  Table 298 

d. Aquaculture pond area (km2) 10 600  Table 299 

Overall number of inland fishers and 

aquaculture farmers (people) (a+b) 
2 557 900–

4 032 000 
Low  

Average density of overall inland fishers and 

aquaculture farmers (people/km²) 

[(a+b)/(c+d)] 
52–82 Low  

Notes: Bold highlights the data used. Indicator values have been rounded. n.d. = no data. 

 

22.4.2 Calculated number of inland fishers on the basis of the extent of different types of inland 

waters 
 

The “calculated number of inland fishers based on the extent of different types of inland waters” is 

obtained by multiplying the estimated water areas covered by lakes, reservoirs, stocked reservoirs and 

flooded areas by the corresponding average densities of inland fishers in Asia, as reported by FAO 

(1995). In the case of Viet Nam, the “calculated number of inland fishers based on the extent of different 

types of inland waters” is estimated to be between 2 224 000 and 5 130 000 people (Table 315). 

 

The reliability of the “calculated number of inland fishers based on the extent of different types of inland 

waters” is considered low because the density values used are outdated and not specific to the analysed 

country.  
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Table 315: Calculated number of inland fishers by type of water resource, Viet Nam 

Inland waters 

Computed 

theoretical number 

of fishers  

(people) 

[(a×b) – (a×c)] 

Reliability 

Water area of 

different water 

resources in 

the country 

(km2) 

(a) 

 

Expected 

median 

density of 

fishers in 

Asia*  

(people/km2) 

(b) 

Expected 

maximum 

density of 

fishers in 

Asia*  

(people/km2) 

(c) 

Coastal lagoons 290 336–1 240 254  14 889 19.5 83.3 

Lakes 11 2200–147 220  3 400 3.3 43.3 

Reservoirs n.a.  n.d. 2.4 19 

Flooded areas 1 922 040–3 742 920  20 232 95 185 

Calculated number 

of inland fishers 

based on the extent 

of different types of 

inland waters 

2 224 000–5 130 000 Low  

*Source: FAO (1995). 

Notes: Indicator values have been rounded. n.a. = not applicable; n.d. = no data. 

22.5 Protein supply, Viet Nam  

 

22.5.1 Estimates of “fish protein supplied by inland fish production” and related indicators 

 

The national average “fish protein supplied by inland fish production’ is obtained by considering the 

average protein content of freshwater and diadromous fish, crustaceans, molluscs and other aquatic 

animals constituting the inland capture fisheries and aquaculture production (Table 316).  

 

Table 316: Estimates of “fish protein supplied by inland fish production” and related indicators, 

Viet Nam 

Variable 

Proteins supplied 

by inland capture 

fisheries 

(tonnes) 

Proteins 

supplied by 

aquaculture 

(tonnes) 

Amount Reliability Source 

a. Freshwater and 

diadromous fish  20 137 217 448 237 585   

FAO, 

2006−2016 

b. Crustaceans 1 094 43 195 44 289     

c. Molluscs n.d. 175 175     

d. Other aquatic animals n.d. 483 483     

e. Proteins calculated from 

official production figures 

in 2008–12 (tonnes) 

(a+b+c+d) 21 200 261 300 282 500 

 

  

f. Proteins calculated from 

non-official production 

estimate (tonnes) 123 100 384 400 

  
Fish protein supplied by inland fish production (tonnes ) (e; f) 282 500–384 400 High  

g. Inland water area (km2) 38 500 

 

Table 298 

h. Aquaculture pond area (km2) 10 600 

 

Table 299 

Fish-protein water productivity (kg/ha) 

 [(e)/(g+h)×10] –[(f)/(g+h)×10] 
58–78 High 

  

Notes: Indicator values have been rounded. n.d. = no data. 
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In Viet Nam, the annual average “fish protein supplied by inland fish production” is estimated to be 

between 282 500 and 384 400 tonnes of proteins.  

 

The national average “fish-protein water productivity”, measured in kg/ha, is obtained by dividing “fish 

protein supplied by inland fish production” by the extent of “inland water area and aquaculture pond 

area”. The resulting “fish-protein water productivity’ indicator expresses the average content of fish 

proteins provided by one hectare of water area available to the inland fisheries sector, which in Viet Nam 

was estimated to be between 58 and 78 kg/ha (Table 316). 

 

The reliability of the “fish protein supplied by inland fish production” and “fish-protein water 

productivity” indicators is considered high because of existing information on the composition of the 

inland capture fisheries and aquaculture production in the four groups of  

species considered.  
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