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Abstract

The ecological status of the Welala and Shesher Wetlands, on the eastern side of Lake Tana, were studied
during pre-rainy, main-rainy, post-rainy and dry seasons from May 2009 to January 2010. Species composi-
tion, diversity and abundance of macrophytes, benthic macro-invertebrates and birds were assessed and phy-
sico-chemical parameters were measured. Phosphate and silicate concentrations, conductivity, TDS and tur-
bidity varied significantly (p < 0.05) between dry and wet seasons in both wetlands. Physico-chemical para-
meters did not differ (p > 0.05) between the two wetlands. The values for dissolved oxygen and pH ranged
between 4.8 - 7.8 mg/l and 6.7 - 7.6, respectively. The values for nitrate and phosphate ranged between 0.2 -
3.1 mg/l and 0.2 - 3.3 mg/I, respectively. A total of 274 benthic macro-invertebrate individuals belonging to
5 families were collected, 32, 699 individual birds belonging to 62 species were enumerated and 13 species
of macrophytes were identified. The two wetlands are shrinking at an alarming rate, mainly because of un-
sustainable farming practices and a huge irrigation project on Ribb River which is at presently under con-
struction. Farming practices include draining and pumping of water for irrigation and expansion of farmland
at the cost of the wetlands. The construction of a dam in Ribb River prevents overflow from Ribb River into
the wetlands and disrupts the connection with Lake Tana which is vital for the survival of these two wetlands.
We conclude that the Welala and Shesher Wetlands are valuable wetlands which need urgently protection.

Keywords: Fogera, Macrophytes, Macro-Invertebrates, Birds, Abundance, Species Composition, Species
Diversity, Socio-Economics

benefits. The values and services gained from wetlands
can be categorized into functions, products and attributes

The different geological formations and climatic condi- [3]-

1. Introduction

tions have endowed Ethiopia with vast water resources
and wetland ecosystems including 12 river basins, 8 ma-
jor lakes and many swamps, floodplains, and man-made
reservoirs with a total annual surface runoff of about 110
billion cubic meters [1]. It is estimated that Ethiopian
wetlands cover an area of 13,699 km? or 1.14% of the
country’s land surface [2].

Wetlands have many socio-economic and ecological

“Publication costs were covered by a grant from Prof. Dr. Jan Osse
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Despite the benefits gained from wetlands they are
under threat from the conversion of wetlands for inten-
sive irrigation agriculture, the expansion of human set-
tlements, industrial pollution, agricultural pollution by
pesticides, use of fertilizers, water diversion for drainage
and the construction of dams.

Fogera floodplains including Welala and Shesher
Wetlands are one of the 73 hot spots in Ethiopia which
are identified as important bird areas. They provide shel-
ter to the endemic, globally endangered, vulnerable and
near threatened species of birds [4,5]. The local commu-
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nity gets benefits from Welala and Shesher Wetlands in
the form of fishing, grazing for cattle and small scale
irrigation. These valuable wetlands are under threat from
overgrazing, drainage, water diversions for small irriga-
tions and conversion into farmlands. Although several
studies were conducted on Fogera floodplains, an in
depth study with particular reference to Welala and
Shesher Wetlands was lacking.

This study on physico-chemical water parameters, so-
cio-economic aspects and species composition, diversity
and abundance of macrophytes, benthic macro-inverte-
brates and birds is fundamental for the understanding of
the ecological status of these wetlands. The study will
serve as a haseline to what extent the wetlands are af-
fected by the surrounding land use and could be used to
monitor changes due to planned massive irrigation and
hydropower generation projects around Lake Tana [6]. It
will also serve as information for planners and decision
makers to consider in future development plans.

2. Materials and Methods
2.1. Study Area

Lake Tana is Ethiopia’s largest lake (3150 km?) and is
situated in the northwestern highlands at an altitude of
approximately 1800 m. It is shallow (maximum depth 14
m, mean 8 m). Several large and small rivers including
Gumara, Ribb, Megech, Gilgel Abay, Arno Garno and
Dirma (maximum length 60 km) enter the lake, and the
Blue Nile is its only outflow.

Fogera and Dembia floodplains are the largest wet-
lands of the country and are connected with Lake Tana.
The study was conducted in Fogera Woreda of the Am-
hara National Regional State (ANRS). Fogera Woreda is
one of the ten Woreda’s bordering Lake Tana and is
found in South Gondar Administrative Zone. It is situ-
ated at 11058'00" N latitude and 37041'00" E longitudes.
Woreta, capital of the Fogera Woreda is found 620 km
from Addis Ababa and 55 km from the regional capital,
Bahir Dar [7] (Figure 1).

2.2. Climate

The mean annual rainfall of the area is 1216.3 mm and
ranges from 1103 to 1336 mm. The climate around L.
Tana is characterized by four seasons: 1) a main-rainy
season with heavy rains during June-August, 2) a dry
season during December-February, 3) a pre-rainy season
during March-May and 4) a post-rainy season during
September-November. After the main-rainy season there
are the two cropping seasons. Maize, finger millet, sorg-
hum, teff, rice, wheat and noug are the main crops grow-
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ing in the study area [7].
2.3. Sampling and Data Collecting

Two sites at the center and periphery of both ponds were
chosen for sampling physico-chemical parameters. For
the measurements of chemical parameters: phosphate,
nitrate and silicate, the procedures outlined in a manual
on standard methods for examination of wastewater was
employed [8].

Physical parameters measured were conductivity, wa-
ter temperature, dissolved oxygen, transparency, pH and
TDS. Samples were taken at one site in the middle of
each pond. Water temperature, pH and dissolved oxygen
were measured with a combined portable pH/oxygen/
temperature meter (YSI model 58). Conductivity was
measured using Hanna conductivity meter. Measure-
ments on transparency were made using the standard
Secchi disk (25 cm in diameter).

Benthic macro-invertebrates were sampled twice, once
in September and a second time in December. Two sam-
pling stations were chosen for each pond, one at the pe-
riphery and one in the middle of each pond. Samples
were preserved in 95% ethanol following standard oper-
ating procedures for benthic macro-invertebrate sampling
and processing [9]. Identification and enumeration of
benthic macro-invertebrates was made at Bahir Dar Fi-
shery and Other Aquatic Life Research Center’s labora-
tory. ldentification of macro-invertebrates was made
using standard keys [10-12].

Vegetation data were collected along two systemati-
cally placed north-south transect lines in both ponds [13].
One transect passed approximately in the middle of ve-
getated zone and the other passed along open water. At
every 500 meters interval the vegetation was studied of
in total 10 quadrants with an area of 0.5 m x 0.5 m each.
The minimum area and number of the quadrants to be
studied were determined according to the procedures
given by [14]. Field guide books were used for identifi-
cation of macrophytes [15-17].

Observations on birds were carried out over the whole
study area. A total of 8 counting stations were laid sys-
tematically along north-south extension of both sites at
400 meters interval. At each station birds within the ra-
dius of 200 m were identified and counted. Data was
collected from 6:30 a.m. to 10 a.m. in the morning and
from 4:30 p.m. to 6:00 p.m. in the afternoon following
standard methods [18]. Counting of birds was carried out
according to the procedures recommended by the British
Royal Geographical Society [19]. For identification field
guide books were used [20,21].

Socio-economic data was collected in two villages,
Nabega and Shaga. A total of 40 questioners, 20 for each
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Figure 1. Map of the study area.

village were administered.
2.4. Data Analysis

The data collected was entered into SPSS software pro-
gram. To analyze physico-chemical parameters, benthic
macro-invertebrates and socio-economic data descriptive
statistics was employed. To evaluate the significance of
spatial and temporal variations of physico-chemical pa-
rameters the Kruskal-Wallis test was performed. Spear-
man bivariate correlation analysis was done to relate
benthic macro-invertebrate densities to physico-chemical
parameters. To describe the diversity of bird and macro-
phyte species the Shannon-Wiener Diversity Index (H’)
was calculated.

3. Result and Discussion
3.1. Physco-Chemical Parameter

The measurements, means and standard errors (SE) of the
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analyzed parameters are presented in Table 1. The low-
est temperatures were recorded in Shesher during the dry
season and the highest at the same site during the
post-rainy season. Conductivity was in the range of 0.18 -
250 and 0.08 - 197 uS/cm in Shesher and Welala, re-
spectively, which is within the range for fresh water (10 -
1000 pS/cm) [22]. Turbidity was very high during rainy
season (Secchi disc depth: 3 cm). In both sites pH values
varied within narrow limits (range 6.7 - 7.8); this meets
the quality standards for surface water of Ethiopia (range:
6.0 - 9.0) [23]. In both wetlands dissolved oxygen levels
ranged between 4.8 and 7.8 mg/l, which are generally
considered favorable for most aquatic organisms [24].
Nitrate concentrations were low, well below the limit of
5 mg/l above which they would become toxic for aquatic
organisms [22]. Silicate concentrations declined from 8.5 -
19.5 mg/l in rainy season to 0.6 mg/l in dry season.
There were no significant differences in physico-
chemical parameters between Shesher and Welala
(Kruskal-Wallis test, p > 0.05). Thus nitrate, phosphate,
silicate, temperature, pH, dissolved oxygen, conductivity,
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Table 1. Seasonal variation of physco-chemical parameter in Welala and Shesher Wetlands. Rainy season includes main-rainy

and pre-rainy season. SE = Standard Error.

Shesher Welala
Parameters Units Rainy Post Dry Rainy Post Dry
Season Rainy Season Mean SE Season Rainy Season Mean SE
Nitrate mg/l 3.08 0.22 0.25 1.18 0.6 211 0.16 0.2 1.14 0.43
Phosphate mg/I 0.73 0.24 0.675 0.54 0.15 334 0.16 1.18 20 0.06
Silicate mg/l 8.5 0.01 0.55 3.02 1.74 19.5 0 0.61 9.9 4.05
Temperature °C 24.55 26.8 23.8 251 0.06 26.75 255 25.7 26.2 0.028
pH pH units 6.72 7.32 7.638 7.22 0.02 6.65 7.04 6.85 6.79 0.12
Dissolved oxygen mg/I 5.4 7.77 5.8 6.32 0.46 6.02 5.02 4.75 5.45 0.253
Conductivity uS/em 55 0.18 249.8 102 479 80 0.08 197 89.3 36.17
TDS ppt 0.02 0.09 124 414 26.1 0.04 0.07 98.7 24.7 20.79
Turbidity cm 3 13 7 7.66 1.84 3 14 10.5 9.16 2.06

TDS and turbidity were the same in the two places. This
may be partly due to the similarity of habitat and partly
due to the mixing of surface water during the rainy sea-
son through the canal which connects Shesher with We-
lala. Furthermore, they share the same catchment. How-
ever, there were significance differences in the phosphate
and silicate concentrations and in turbidity between the
dry and the wet season (p < 0.05). This may be due to
inputs from the catchment during the rainy season and
subsequent settlement during the dry season. Further-
more, uptake of silicate and phosphate by phytoplankton
might also have led to the reduction of these two nu-
trients in the dry season.

3.2. Benthic Macro-Invertebrates

A total of 274 benthic macro-invertebrate individuals
belonging to 5 families were collected during the survey.
Their abundance and spatial distribution are shown in
Table 2.

Bivalva were not found in Shesher Wetland and only
in two sampling sites in Welala. The number of individ-
uals per sampling site ranged from 0 - 61. Chironomidae
were the most abundant (70%) followed by Oligochaeta
(25%), whereas Bivalva was the least represented family
(Figure 2).

The results of the Spearman Correlation analyses are
shown in Table 3. Oligochaeta showed strong negative
correlations with phosphate (r = -0.718, p < 0.05), sili-
cate (r = -0.878, p < 0.05), conductivity (r = -0.892, p <
0.05 and TDS (r = —-0.893, p < 0.05). It also showed a
very strong positive correlation with oxygen (r =0.918, p
< 0.05). A strong positive correlation was also observed
between Hirudinea and turbidity (r = 0.792, p < 0.05, o =
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0.05). This may be partly due to high tolerance of Hiru-
dinea to high turbidity conditions and partly to release of
competition for food as the sensitive groups were re-
moved. Chironomidae showed strong positive correla-
tions with phosphate, silicate, conductivity and TDS.
There was a strong negative correlation between Co-
leoptera and turbidity. Sediment load from run off in the
surrounding catchments which induce a rise in turbidity
may have inhibited Coleoptera larvae. Excessive sedi-
ment load is often a major contributor to the decline of a
stream’s benthic community [24]. Bivalva showed a
strong negative correlation with both temperature and
turbidity. All families encountered except Coleoptera
larvae were pollution tolerant [9].

3.3. Macrophyte Abundance and Diversity

Information about relative abundance and dominance of
macrophyte taxa are summarized in Table 4. Abundance
parameters were calculated over all quadrants in the two
wetlands. Relative abundance (RA) of a species is the
average relative density (%) of that species relative to all
species present. The relative frequency (RF) of a species
is the average absolute frequency of that species per qu-
adrant divided by the sum of the absolute frequencies of
all species present. Relative density (RD) of a species is
the average absolute density per quadrant of that species
divided by the total average density of all species present.
Relative dominance (RDO) of a species is the average
space covered (%) by that species relative to the cover-
age of all species present.

A total of 13 taxa were identified from the 20 quadrants
of Welala and Shesher Wetlands (Table 4). Ludwigia
spp. were the most abundant (23%) followed by Lemna
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Table 2. Abundance of macro-invertabrates in Welala and Shesher Wetlands at two sampling sites; S1 = Sampling site one,
S2 = Sampling site two. Numbers per sampling site and average abundance of taxa in numbers per m?,

Welala Shesher
Taxa/family September December September December Abundance/m?
S1 S2 S1 S2 S1 S2 S1 S2

Oligochaeta 22 20 4 3 5 7 3 4 5666.67
Hirudinea 1 2 0 0 2 1 0 0 500
Chironomidae 4 6 30 25 5 7 61 55 16083.33
Coleoptera 0 0 2 3 0 0 0 0 416.67
Bivalva 0 0 1 1 0 0 0 0 166.67

Figure 2. Abundance of benthic macro-invertebrates in
Shesher and Welala Wetlands.

Table 3. Correlation between physico-chemical parameters
and benthic macro-invertebrate densities.

Taxa/family ~ Physicochemical parameters R P-value
Dissolved Oxygen 0.918 0.001
Phosphate -0.718  0.045
Oligochaeta Silicate -0.878  0.004
Conductivity -0.892  0.003
TDS -0.893  0.003
Hirudinea Turbidity 0.792 0.019
Phosphate 0.856 0.007
Silicate 0.882 0.004
Chironomidae
Conductivity 0.768 0.026
TDS 0.771 0.025
pH 0.724 0.042
Coleoptera
Turbidity -0.855  0.007
Temperature -0.789 0.02
Bivalva
Turbidity -0.878  0.004

Copyright © 2011 SciRes.

Table 4. Relative abundance (RA, %), relative frequency
(RF), relative density (RD) and relative dominance (RDO)
of macrophyte taxa.

Species RA RF RD RDO
Scirpus spp. 35 0.15 5 0.05
Sparganium spp. 7 0.15 5 0.05
Phragmites australis 4.5 0.15 7 0.07
Cyperaceae family 7.5 0.25 3 0.03
Ludwigia spp. 23.22 0.75 19 0.19
Nuphar lutea 24 0.25 9 0.09
Nymphaea spp. 1 0.2 6 0.06
Lemna spp. 16.8 0.65 20 0.2
Chara spp. 16 0.55 10 0.1
Papaveraceae 8.88 0.45 4 0.04
Sacciolepis africana 35 0.25 2 0.02
Argemone mexicana 3.2 0.25 2 0.02
Brassicaceae 25 0.25 2 0.02

spp. (17%) and Chara spp. (16%). Nymphaea spp. were
the least represented (1%) followed by Nuphar lutea
(2%). Two species, Phragmites australis and Nuphar
lutea were absent in Shesher. The results indicate that
Ludwigia spp. were more abundant, more frequent and
covered most of the area. Ludwigia spp. are good quality
food for waterfowl [25].

Diversity of macrophytes in Welala and Shesher Wet-
lands are given in Table 5. The Shannon diversity index
was 2.28 for Welala and 1.92 for Shesher. The Shannon
diversity index normally varies between 1.5 and 3.5 and
rarely exceeds 4.5 [26]. The evenness index was 0.89 for
Welala and 0.83 for Shesher. The site which has the
larger number of species (Welala, 13 species) has a
greater diversity index than the site with lower number of
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Table 5. Diversity of macrophytes in Welala and Shesher
Wetlands. H’= Shannon-Wiener Diversity Index, Hpa= In
(total numbers of species), H/Hyax = Evenness.

Habitat Number of Species H’ Humax H/Hmax
Welala 13 2.28 2.57 0.89
Shesher 10 1.92 2.30 0.83

species (Shesher, 10 species). The Sorensen’s similarity
coefficient calculated between the two sites was 0.8. This
coefficient varies between 0 (complete dissimilarity) to 1
(total similarity) [17]. We conclude that both sites have
very similar macrophyte vegetation and show relative
low macrophyte diversity. The high similarity may be
due to the resemblance of the two habitats.

3.4. Abundance and Diversity of Birds

From the two wetlands a total of 62 species consisting of
32, 699 individuals were recorded. In Welala the highest
number was recorded in pre-rainy season (12,381 indi-
viduals) as compared to dry season (4,663 individuals).
In Shesher the highest number was recorded in dry sea-
son (11,725 individuals) compared to pre-rainy season
(3,930 individuals). In rainy season, birds were not ob-
served (Figure 3). We found that during the beginning of
the dry season Shesher Wetland was larger in area than
Welala, which explains the larger population of birds
during this season in Shesher. As the dry season ad-
vanced Shesher Wetland shrunk more rapidly than We-
lala and it dried up towards pre-rainy season before this
occurred in Welala. It seems that when Shesher shrank
and dried up the birds shifted to Welala. Therefore, in
pre-rainy season we observed a large bird population in
Welala.

In rainy season the two sites were flooded and we ob-
served that birds abandoned the two wetlands, they were
seen scattered over a large area around Woreta town.
This agrees with observations reported in the literature
that during the wet season waterfowl species often mi-
grate to dryer area to escape from extreme flooding [4,
27]. In both wetlands Egyptian Goose (Alopochen ae-
gyptiacus) was the most abundant followed by Curlew
Sandpiper (Calidris ferruginea), Common Crane (Grus
grus), Black Crowned Crane (Balearica pavonina),
Spur-winged Goose (Plectropterus gambensis) and Ruff
(Philomachus pugnax). Eurasian Marsh Harrier (Circus
aeruginosus), White Headed Vulture (Aegypius occipita-
lis), Yellow-billed Stork (Mycteria ibis) and Little Grebe
(Tachybaptus ruficollis) were the least abundant. Greater
Flamingo (Phoenicopterus ruber) and Lesser Flamingo
(Phoeniconaias minor) were observed in pre-rainy sea-
son in Welala only, presumably because of the merit of
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favorable food.

Three different diversity indices were calculated for
the two sites (Table 6). The Shannon Diversity Index
was 2.9 for both sites. This index normally varies be-
tween 1.5 and 3.5 and rarely exceeds 4.5 [26]. It is con-
cluded that the two sites have a high diversity of bird
species. Simpson’s Similarity Index between the two
sites was 0.97. This index ranges from 0 (complete dis-
similarity) to 1 (total similarity) [17]. It shows that the
species composition in the two sites is very similar. This
similarity may be due to the resemblance of the two ha-
bitats. The results show that the two wetlands are rich in
bird diversity and abundance. We conclude that these
wetlands are important habitats that need to be well pro-
tected to support and sustain the existing bird popula-
tions.

From the birds encountered the highest proportion
were residents (62%), followed by Northern Migrants
(35%) and Intra African Migrants (3%). Inter African
Migrants (<1%) and endemic birds (<1%) were re- pre-
sented by one species only, the Glossy Ibis (Plegadis
falcinellus) and the Watteled Ibis (Bostrychia caruncu-
lata), respectively.

3.5. Values and Threats

Socio-economic information was collected in two vil-
lages, Nabega and Shaga using questioners. As to the
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Figure 3. Seasonal abundance of birds in Welala and Shesher
Wetlands. Abundance of birds in numbers observed per
week.

Table 6. Diversity of birds in Welala and Shesher Wetlands.
H’ = Shannon-Wiener Diversity Index, Hpax = In (total num-
bers of species), E (Pielou’s Evenness Index) = H'/Hpay.

Habitat  Number of Species H’ Hmax E

Welala 62 2.910 4127134  0.70509

Shesher 60 2.885 4.094345  0.70468
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benefits derived from the wetlands, 65% and 30% of the
interviewed respondents in Nabega and Shaga villages,
respectively, replied that they were engaged in fishing.
About 85% from Nabega and 35% from Shaga respond-
ed that they were using the wetlands for cattle grazing. In
addition 25% from Nabega and 50% from Shaga replied
that they were using water from the wetlands to irrigate
their farm. In the focus group discussions in both villages,
all came to the consensus that all of them benefitted from
the wetlands either in fishing, cattle grazing or irrigating
their farms. As to their future interest most of the partic-
ipants in Shaga were interested to have their own share
of land from the wetland for farmland. In contrast, in
Nabega half of the participants of the discussion were
interested to see Welala well managed for their cattle and
fishing, whereas the other halve was more interested to
have a share of land for farming. The information given
by the respondents made it clear that Fogera Plain is un-
der severe pressure from human impacts such as drai-
nage for irrigation and expansion of agriculture. A prac-
tice often reported was encroachment into the wetlands
following retreat cultivation of local variety of teff (Era-
grostis tef) using residual moisture at the end of the rainy
season. This variety of teff, locally called Bukri, flowers
and produces mature seeds in 45 days. The local com-
munities also exercised small scale wetland drainage
irrigation for the cultivation of sesame, chickpea and
maize [28].

According to key informants and our own field obser-
vations it was found that the inhabitants of this region
lack post-harvest fish preservation methods and have no
market linkage. We also found that Shesher land owners
adjoining the wetlands follow the water retreat and farm
until the land dries up completely. This is corroborated
by a recent study [28]. It was also found that the farm-
lands around Welala are expanding annually at the cost
of the wetlands. During the last 20 years, Shesher Wet-
land shrank from 1,557 hectares to 136 hectares and
Welala shrank from 298 hectares to 159 hectares [28].
From our field observations it was clear that Shesher
Wetland is more degraded and dries earlier in the dry
season than Welala. The largest threat, however, is a
huge irrigation project on Ribb River which is at pre-
sently under construction [29]. Overflow from Ribb Riv-
er has been vital for maintaining an ecological connec-
tion with Lake Tana. It was observed that in the summer
of 2009 there was no overflow from the river because of
the construction of a levee along the bank of the river. As
a result the wetlands became disconnected with Lake
Tana. Direct precipitation is not sufficient for the normal
functioning of these wetlands and probably they will not
survive when this connection is again interrupted in the
future.

Copyright © 2011 SciRes.

4. Conclusions

From the study it was found that Welala and Shesher
Wetlands are valuable for the local community. These
wetlands are a source of fishing, water supply and graz-
ing for livestock. The physico-chemical analysis showed
that the areas are suitable for survival of aquatic organ-
isms. Also it was found that they are important for varie-
ties of birds’ species including internationally endan-
gered and threatened ones. However, the survival of
these wetlands and associated ecological services and
socio-economic importance is under a threat by unsus-
tainable farming practices. Draining and pumping for
small scale irrigation and expansion of farming are major
threats. Being a common ground they are suffering from
the ‘tragedy of the commons’. Another potential threat is
the large dam under construction on Ribb River. It is
recommended to have management plans for the two
wetlands and also to conduct environmental impact as-
sessments for all future development projects around the
Lake Tana.
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