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PREPARATION OF THIS DOCUMENT 

This circular was prepared by the FAO FishCode–STF Project in collaboration with the Department of 
Oceanography, University of Ghana, Accra, Ghana. Its main aim is to make available a training manual 
on data collection and statistics for small-scale fisheries. It was prepared by Mr Gertjan de Graaf 
(Senior Project Officer FAO FishCode STF), Mr Francis Nunoo (University of Ghana), Patrick Ofori 
Danson (University of Ghana), Mr George Wiafe (University of Ghana), Mr Emaniel Lamptey 
(University of Ghana) and Mr Paul Bannerman (Marine Fisheries Research Division, Ministry of 
Fisheries and Agriculture). 

de Graaf, G.J., Nunoo, F., Ofori Danson, P., Wiafe, G., Lamptey, E. & Bannerman, P. 2015. 
International training course in fisheries statistics and data collection.  
FAO Fisheries and Aquaculture Circular No. 1091. Rome, FAO. 134 pp. 

ABSTRACT 

Knowledge of the status and trends of capture fisheries, including socio-economic aspects, is key to 
sound policy-development, better decision-making and responsible fisheries management. Inventories 
of national data collection systems carried out by the FAO FishCode–STF Project indicated that main 
problems/challenges in the fisheries monitoring system are: (i) a lack of human and financial 
resources; (ii) a lack of capacity/knowledge in fisheries monitoring at local level; (iii) a lack of 
appropriate, cost-effective data collection systems; (iv) a lack of reliable, adequate and accurate 
information; and v) gaps in data collection, processing and analysis. Capacity building in data 
collection and fisheries statistics is a high priority for the FAO FishCode–STF Project. Therefore, 
FAO in collaboration with the Department of Oceanography and Fisheries of the University of Ghana, 
Accra, developed the International Training Course in Fisheries Statistics and Data Collection.  

The primary objective of the course is to illustrate sampling methods for improving routine data 
collection, which can provide the desired precision of estimates at the lowest possible cost and yet 
possess a higher degree of accuracy. The design techniques are based on international standards, 
illustrated with the collection of fisheries statistics and analysis from the region. The specific 
objectives are: (i) to introduce basic concepts of the importance of fisheries information; (ii) to 
introduce international standards and concepts in fisheries data collection; (iii) to introduce the basic 
concepts of sampling and design of routine fisheries data collection schemes; (iv) to introduce basic 
concepts of statistical data analyses; (v) to introduce basic concepts of data storage and dissemination; 
and (vi) to provide practical issues and examples relevant to fisheries statistics and data collection. 
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FOREWORD 

 

Among the major tasks of FAO is the promotion of improved approaches and techniques for the 
collection of data on agricultural statistics, including fisheries and forestry. The need for reliable and 
comprehensive statistics has always been extremely important, the more so at present as they form the 
essential basis for planning sustainable harvesting and environmental protection within the 
precautionary approach. 

Collection of basic data on catches, fishing effort and prices provides the primary data for a wide 
variety of statistical applications. In addition, more detailed data (fishing vessels, gear and operations; 
socio-economic data; etc.) from sample-based fishery surveys conducted on a regular basis are an 
important source of fishery information of wide utility and scope.  

To help meet national needs for basic fishery data, FAO has been assisting countries in upgrading their 
data collection, processing and reporting capabilities. Technical assistance at the national and regional 
level is a significant component of the work programme of FAO’s technical units responsible for 
fishery statistical development, and involves both normative and field programme activities. 

A major step in fisheries data collection systems was the development of the “Strategy for improving 
information on status and trends of capture fisheries” (the Strategy). The strategy was adopted by 
consensus at the Twenty-fifth Session of the FAO Committee on Fisheries (COFI) and endorsed by the 
One Hundred and Twenty-fourth Session of the FAO Council and by the United Nations General 
Assembly (UNGA) in 2003. The strategy provides a practical framework for the improvement of 
knowledge and understanding of fishery status and trends.  

In November 2004, the FAO FishCode–STF Project started with as its main objective the supporting of 
the implementation of the strategy worldwide. The experience of the project has highlighted the fact 
that there is still a huge lack in understanding of the basics of routine data collection and its related 
statistics, especially where small-scale fisheries are concerned. Therefore, capacity building has 
become a priority of the project, and the project supports the development of regional training courses, 
implemented through regional institutes and by regional experts. This training manual is the result of 
the first regional training course developed in collaboration with the Department of Oceanography and 
Fisheries, University of Ghana, Accra, Ghana. While most of the material in the manual has already 
been published in other FAO publications, the hope is that bringing all the different pieces together in 
one document will lead to a better overview and understanding of the different issues involved in the 
design and implementation of appropriate routine data collection systems for fisheries. 

 
Marc Taconet 
FAO Fisheries and Aquaculture Department 
Statistics and Information Branch 
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1. INTRODUCTION 

Knowledge of the status and trends in capture fisheries (STF), including socio-economic aspects, is 
key to sound policy-development, better decision-making and responsible fisheries management. It is 
necessary at the national level for maintenance of food security and for describing the social and 
economic benefits of fisheries. Such information is also essential for assessing the validity of fisheries 
policy and for tracking the performance of fisheries management. With an increasing number of 
countries adopting decentralized management of fisheries, more accurate and timely information 
should reach community level and result in a better-informed public that supports efforts to manage 
fisheries and aquatic resources in a responsible manner.  

However, chronic problems of insufficient human and financial resources allocated for data collection 
have often resulted in poor-quality information that has further led to non-use or limited use of 
statistics for fisheries management and policy development. Consequently, only dwindling support 
has been given to the systematic improvement of national fishery data and information collection 
systems. There is an urgent need to terminate this vicious cycle of problems. Concerned with such 
persistent deficiencies of fisheries data and information collection systems worldwide, FAO, at the 
request of the FAO Committee on Fisheries (COFI), developed the “Strategy for improving 
information on status and trends of capture fisheries”. The strategy was adopted by consensus at the 
Twenty-fifth Session of COFI and endorsed by the One Hundred and Twenty-fourth Session of the 
FAO Council and by the United Nations General Assembly (UNGA) in 2003. The strategy provides a 
practical framework for the improvement of knowledge and understanding of fishery status and 
trends. It is a document that provides guiding principles for implementation arrangements, and it sets 
forth objectives, policies, programmes, actions and decisions that define who will do what and why. 

The FAO FishCode–STF Project and regional and subregional fisheries organizations in Africa – the 
Fishery Committee for the Eastern Central Atlantic (CECAF), the Regional Fisheries Commission for 
the Gulf of Guinea (COREP), the Fishery Committee for the West Central Gulf of Guinea (FCWC), 
and the South West Indian Ocean Fisheries Commission (SWIOFC) – are working on the 
strengthening of fisheries data collection. Inventories of national data collection systems have 
indicated that the main problems/challenges in the fisheries monitoring system are: 

 a lack of human and financial resources; 
 a lack of capacity/knowledge in fisheries monitoring at local level; 
 a lack of appropriate, cost-effective data collection systems; 
 a lack of reliable, adequate and accurate information; 
 gaps in data collection, processing and analysis. 

 

Much has been written on the collection of fishery data. However, in recent years, there have been 
several important developments: 

 Experiences of successes and failures with data collection schemes have led to a renewed 
emphasis on sustainability of systems through cost-effective, rather than ambitious, data 
gathering methodologies. 

 Computers with powerful data handling tools have become widely available, thus increasing 
the level of detail that can be collected, stored and processed cheaply.  

 Communications have improved and become cheaper. Detailed monitoring of fishing activity 
[e.g. using a vessel monitoring system (VMS)] can be used to improve data quality. Cheaper 
and faster exchange of fishery data (e.g. national collation of locally collected data) can 
provide more up-to-date information.  

 There is increasing emphasis on economic and sociocultural data collection necessary to 
answer many management questions that biological data alone cannot address.  

 In many artisanal fisheries, top-down national management structures have proved 
inadequate, and participatory management is increasingly seen as a way to improve data 
collection within limited budgets. 
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 The transboundary nature of many fish stocks requires regional research and management that 
can only be effectively addressed through the analysis of complementary data sets to ensure 
complete coverage (Code of Conduct for Responsible Fisheries Articles 7.3.1 and 7.3.2).  

 Similarly, the need to address some fisheries through ecosystem research (e.g. large marine 
ecosystems) requires data sets covering the entire system.  

 There are increasing needs to meet international requirements in terms of variable definitions, 
classifications, statistical stratification and standards. These require careful consideration of 
data collection programmes. 

 

Capacity building in data collection and fisheries statistics is a high priority. Therefore, FAO in 
collaboration with the Department of Oceanography and Fisheries of the University of Ghana, Accra, 
has developed the International Training Course in Fisheries Statistics and Data Collection.  

The course is expected to meet this urgent need and thereby provide effective means to strengthen 
fisheries planning and management efforts, especially in African countries. 

1.1 OBJECTIVES OF THE TRAINING COURSE 
There are several existing methods of statistical fisheries data collection. However, owing to the fact 
that fisheries in Africa are dominated by large and dispersed small-scale fleet, data have to be 
collected through sample-based surveys. Therefore, estimates of annual catches depend heavily on 
samples of catches and fishing effort from fish landings. However, any sampling design must be 
achieved at the least possible cost. Thus, the sampling scheme should be designed to minimize 
sampling error for a given cost.  

The primary objective of this course is to illustrate sampling methods for improving routine data 
collection, which can provide the desired precision of estimates at the lowest possible cost and yet 
possess a higher degree of accuracy. The design techniques are based on international standards, 
illustrated with the collection of fisheries statistics and analysis from the region. The specific 
objectives are as follows: 

 To introduce basic concepts of the importance of fisheries information. 
 To introduce international standards and concepts in fisheries data collection. 
 To introduce the basic concepts of sampling and design of routine fisheries data collection 

schemes. 
 To introduce basic concepts of statistical data analyses. 
 To introduce basic concepts of data storage and dissemination. 
 To provide practical issues and examples relevant to fisheries statistics and data collection. 

 

There are eight modules in the training course: 

 Module 1: Why collect data – the importance and use of fisheries information  
 Module 2: What to collect – indicators, associated data types and variables 
 Module 3: How to collect data – data collection strategies and methods 
 Module 4: Refresher on biostatistics 
 Module 5: Sampling design 
 Module 6: Set-up of a stratified sampling scheme for small-scale fisheries routine data 

collection 
 Module 7: Data analysis 
 Module 8: Data storage 
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2. MODULE 1: WHY COLLECT DATA – THE IMPORTANCE AND USE OF 
FISHERIES INFORMATION1 

Objective of the module: To understand the need for data collection and the use of data in fisheries 
management and policy development, and the Why, What, How, Who concept and international 
settings. 

2.1 INTRODUCTION 
The collection and analysis of fishery data and information is a costly and timely exercise. The way in 
which different data variables are collected is strongly influenced by the budget and personnel 
available, and the degree to which fishers and others cooperate.  

The long-term sustainability of fisheries routine data collection in a budget-constrained and staff-
limited situation can only be achieved through differentiation between “need to know information” 
and “nice to know information”. Statistical requirements have increased dramatically in recent 
decades, and the objectives of data collection have moved gradually away from the production of an 
annual statistical yearbook towards providing data for a fisheries information system (FIS). However, 
it is often the case that the types of fisheries data are adopted from somewhere else and are collected 
by the fisheries line agency without considering the needs for the data. In a budget-constrained and 
staff-limited situation, it is essential to go back to basics, set the priorities, and select the essential 
variables to be collected. Therefore, data collection requires a logically structured approach as 
described in the guidelines for the routine collection of capture fishery data (FAO, 1999). The 
structured approach includes a sequential pathway (Figure 1), starting from the understanding on 
“Why are data needed?” through the clarification of data requirements (What data need to be 
collected?), and the consideration of “How will data be collected?”  

FIGURE 1 
The pathway of routine data collection 

 
Source: FAO (1999). 
  

                                                      
1 From FAO (1999). 
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2.2 WHY DO WE COLLECT DATA 
The first question to address is “Why do we collect data?” The Code of Conduct for Responsible 
Fisheries (Code) provides the overall framework: 

“In order to ensure sustainable management of fisheries and to enable social and economic objectives 
to be achieved, sufficient knowledge of social, economic and institutional factors should be developed 
through data gathering, analysis and research.” (Code Art. 7.4.5) 

If we have sufficient knowledge, then we are able to formulate useful policies for the whole fisheries 
sector and effective management plans for particular fisheries. Fishery policies and management plans 
should address the fishery sector as a contributor to the food supply and economy at the local and 
national levels, and as a critical component of the ecosystem. Hence, data collection should cover all 
aspects of a fishery, from the natural resources, via exploitation to the local consumers, industry and 
trade. 

2.3 DATA FOR POLICY SUPPORT AND DEVELOPMENT 

BOX 1 
Small-scale fisheries 
Historically, small-scale fisheries (SSFs) have received relatively little attention within both 
international and national agendas. This has resulted in a general lack of coherent, reliable and 
accessible information on the SSF sector. This hinders the formulation of relevant policies for the 
sector and the development of fisheries management plans that includes SSFs. A global review of 
281 national policy papers, including 50 poverty reduction strategy papers, found that only in a small 
number of countries were fishing communities included among the target groups. 
 

Some examples of common areas of concern for policy setting are provided below. 

2.3.1 Contribution of fisheries to food supply 
Food security is an over-riding concern for policy-makers, planners and administrators concerned 
with natural living resources, especially in many developing countries. Fish may be the major source 
of animal protein for many communities. Small island developing States are often particularly 
dependent on fish as a food source. It is essential to be able to quantify the dependence on fish as a 
food source, so that policies and management ensure its sustainable use and sufficient access for 
dependent communities. 

2.3.2 Fisheries contribution to the economy 
For national and local policy-making and planning, it is essential to describe the contribution of 
fisheries to the economy. If managed effectively, fisheries are able to generate substantial economic 
benefits to the national and local economies. Assessments of the economic contribution of fisheries 
need to take into account the generation of income in the local community, of returns to the broader 
community and of foreign exchange from export earnings. Various countries also obtain revenue from 
charging fees to non-national fishing boats for access to the resource within their exclusive economic 
zone (EEZ). This is a significant source of national income for many small island economies. In 
addition, assessments should include a measure of economic and social dependence. This requires 
estimates of the numbers of people employed in the harvest, processing and other sectors, and the 
total numbers dependent on fisheries for their livelihood (workers plus dependants). 

2.3.3 Employment and poverty alleviation 
The World Bank estimates that more than 1.3 billion people – one-fifth of the world’s population – 
live in acute poverty in which they lack access to an adequate diet, decent housing, basic sanitation, 
clean water, education, medical care and other essentials for human existence. The concept of poverty 
therefore includes different dimensions of these deprivations. The cycle of poverty, illness and limited 
opportunities can become a self-sustaining process that passes from one generation to another. About 
250 million children – mostly in Asia and Africa and some as young as four years old – are forced to 
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work under slave-labour conditions weaving carpets, fishing or in the sex trade. Faced with immediate 
survival needs and few options, these people have no choice but to overharvest resources, including 
fisheries. In doing so, however, they diminish not only their own resources, but also those of future 
generations. 

Globally, there are 119 million people directly dependent on capture fisheries for their livelihoods, as 
full-time or part-time workers. Ninety-six percent of them live in developing countries (116 million) 
and the vast majority of fishers and fish workers (109 million) are employed in the small-scale sector 
(Box 1). Almost half of the workforce are women (57 million), of which 33 million work in inland 
fisheries (Table 1). These figures do not include the aquaculture sector and all those that depend on 
fishing and related activities as an occasional or complementary source of food and income along with 
other livelihood strategies.  

TABLE 1 
Global profile of small-scale and large-scale fisheries in developed and developing countries 

 Small-scale fisheries Large-scale fisheries Total 
Marine Inland Total Marine Inland Total 

Production        

Total annual (million tonnes) catch developed 
countries 

6 1 7 22 0.5 22.5 29.5 

Total annual (million tonnes) catch developing 
countries 

28 13 41 34 0.5 34.5 75.5 

Total annual catch (million tonnes) 34 14 48 56 1 57 105 

Employment (million full-time and part-
time) 

       

No. of fishers developed countries 0.7 0.1 0.8 0.3 0.0 0.3 1.1 

No. of fishers developing countries 12.3 19.3 31.6 1.8 0.8 2.6 34.2 

Total global fishers 12.9 19.4 32.4 2.2 0.8 2.9 35.3 

No. of jobs post-harvest developed countries 1.3 0.2 1.5 0.8 0.0 0.8 2.3 

No. of jobs post-harvest developing countries 34.4 40.5 74.9 6.6 0.3 6.9 81.8 

Total global jobs post-harvest 35.6 40.8 76.4 7.4 0.3 7.7 84.1 

Total workforce developed countries 1.9 0.3 2.2 1.1 0.0 1.1 3.3 

Total workforce developing countries 46.7 59.9 106.5 8.4 1.1 9.5 116.1 

Total global workforce 48.6 60.2 108.8 9.5 1.1 10.6 119.4 

No. of women developed countries 0.8 0.1 1.0 0.4 0.0 0.4 1.4 

No. of women developing countries 16.8 32.3 49.1 6.3 0.3 6.6 55.7 

Total global no. of women 17.6 32.5 50.1 6.7 0.3 7.0 57.1 

 

Extrapolation from the Big Numbers (World Bank, FAO and WorldFish Center, 2010) case studies 
results in a global production of 105 million tonnes, of which 90 million tonnes comes from marine 
fisheries and 15 million tonnes from inland fisheries. Forty-five percent (48 million tonnes) of the 
global production comes from small-scale fisheries (SSFs), of which 85 percent (41 million tonnes) is 
caught in developing countries.  

The distribution of these key indicators over low-income food-deficit countries2 (LIFDCs) and non-
LIFDCs (Table 2) indicates that 33 percent of the global catch (34.2 million tonnes) comes from 
LIFDCs. The majority of this production (76 percent) is caught by the small-scale fishers in LIFDCs, 
about 50 percent of the global production of SSFs comes from LIFDCs. 

  

                                                      
2 www.fao.org/countryprofiles/lifdc.asp 
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TABLE 2 
Global profile of small-scale and large-scale fisheries in LIFDCs and non-LIFDCs 
 Small-scale fisheries Large-scale fisheries 

Marine Inland Total SSF Marine Inland Total LSF Total 
 (million tonnes) 

Non-LIFDC catch 15.3 6.7 22.0 48.0 0.7 48.8 70.8 

LIFDC catch 18.7 7.3 26.0 8.0 0.3 8.2 34.2 

Total catch 34 14 48 56 1 57 105 

 

It is now widely acknowledged that SSFs can generate significant profits, prove resilient to shocks 
and crises, and make meaningful contributions to poverty alleviation and food security, in particular 
for: 

 those involved directly in fishing (fishers, and fish workers in both pre-harvest and post-
harvest activities); 

 the dependants of those involved directly in fishing (fishing-related households and 
communities); 

 those who buy fish for consumption (consumers); 
 those who benefit from related income and employment through multiplier effects; 
 those who benefit indirectly as a result of national export revenues from fisheries, 

redistributive taxation and other macrolevel mechanisms. 
 

Thus, fisheries resources provide employment and alleviate poverty in developed and developing 
countries.  

Fish remains among the most traded food commodities worldwide. In 2012, about 200 countries 
reported exports of fish and fishery products. The fishery trade is especially important for developing 
nations, in some cases accounting for more than half of the total value of traded commodities. In 
2012, it represented about 10 percent of total agricultural exports and 1 percent of world merchandise 
trade in value terms. The share of total fishery production exported in different product forms for 
human consumption or non-edible purposes grew from 25 percent in 1976 to 37 percent (58 million 
tonnes, live-weight equivalent) in 2012 (FAO, 2014) 

In the international market for fish and fishery products, one of the most serious difficulties faced by 
exporters is that importing countries impose different standards and regimes on producing countries to 
ensure that products meet the requirements of the target market.  

When fisheries are well managed, they can contribute to reducing poverty. Fisheries provide benefits 
at the national and local levels, providing revenue to the State, employment to millions of fishers and 
people in associated trades, and food security to poor people. 

Many fishers are poor, and targeting development interventions at fishing communities can help 
reduce poverty, for example by improving fisheries management. However, many poverty problems 
of fishing communities have non-fisheries causes, and are often related to institutional issues, 
requiring broader cross-sectoral support. 

To increase the contribution that fisheries make to poverty reduction, management is needed that 
ensures sustainability of fish stocks and equitable distribution of the benefits. To achieve this, policy-
makers must recognize the important contributions that fisheries make at both the national and local 
levels.3 

                                                      
3 www.mrag.co.uk/Documents/PolicyBrief1_Poverty_Reduction.pdf 
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2.4 DATA TO SUPPORT FISHERIES MANAGEMENT 
Fisheries management requires consideration of a variety of issues, all of which need to be addressed 
using information collected from biological, economic and sociocultural sources. A fishery is a 
complex system of interacting factors incorporating the state of the biological resource, social and 
institutional constraints, economic conditions and cultural beliefs. 

Integrated analysis, using a variety of data, is necessary for predictive assessments of future 
conditions and the outcomes of alternative management measures. Over time, many different 
management issues will emerge in every fishery. Many of these issues, particularly those related to 
the environment, can only be identified using information derived from a data collection programme. 

As ecosystems worldwide have become subject to increasing stress, it has become more important to 
develop, maintain and improve harvesting regimes that minimize negative impacts on habitats and 
fish communities. Specific data on fishing operations, fishers, fishing communities, and the 
environment are required in order to achieve this objective. 

Fisheries in certain near-shore marine habitats and many river-driven systems, such as mangroves, 
coral reefs, floodplains, marshes and rivers, are especially sensitive to environmental stress. The 
greatest threats to these fisheries are often not overexploitation of resources, but rather loss and 
degradation of the aquatic habitat and poor land-use practices that lead to sedimentation and pollution. 
Under these circumstances, the management of fish habitats and related environments is often a 
priority, so the collection of environmental and ecological data in relation to fishing patterns is 
essential. 

For management to work, the economic and sociocultural aspects of fisheries always have to be 
assessed. In all fisheries, it is people who utilize the resource and affect it in a variety of ways, and 
people whose behaviour must be influenced to implement effective management measures.  

Integrating data collection with the fishing community is not only cost-effective, but also a useful way 
for the community to influence management through indicating its own needs and concerns.  

Policy-makers and managers require information on compliance for two main reasons. First, to test 
the degree to which fishery operations comply with the limits and regulations laid down to achieve 
management targets. Second, to reduce the risk of conflicts through the control of competing 
subsectors, including illegal fishing activities. Relating sociocultural and economic data on 
motivations and incentives to compliance data should improve understanding of critical issues for 
enforcement and education. 

The information domains for which indicators are needed for implementing and assessing 
management strategies include the biological resources, production, control system, economic and 
social domains. 

2.4.1 Status of resources 
The aim of many data collection programmes is to monitor and assess the status of the stocks that are 
being fished. Typically, the status of a stock is interpreted in relation to one or more reference points, 
which are targets or limits for the fishery. Using analytical models, these targets can be used to derive 
controls, such as catch quotas or effort controls, which are designed to move the stock towards the 
desired state. 

Increasing overfishing of resources may often be detected by a combination of falling catch per unit 
of effort (CPUE), falling total landings, decreasing mean weight of fish, or changes in the fish 
population age structure or species composition. By maintaining a time series of CPUE and total 
landings by fleets (e.g. gear or boat category), by commercial species group, fishing area and fishing 
season, overfishing should be detectable. Without these data, there is often significant disagreement 
between interested parties because assessments have to be based on subjective judgement and 
anecdotal information. 
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In addition to concerns over individual stocks, the overall status of exploited ecosystems is becoming 
an important issue in management. Monitoring species, age and size composition, mean lengths of 
species caught, habitat and bycatch (in particular discards) allows management to assess the wider 
impacts of fishing on the ecosystem. 

2.4.2 Yield 
Yield is an important indicator of fisheries performance, often judged in relation to potential yield. 
Potential yield is a forecast of the sustainable landings that good management should be able to 
achieve. Estimates of potential yield can be obtained by a variety of methods, some of which require 
very few data. However, methods requiring few data are often highly uncertain in predicting standing 
stocks and potential yields. Simplified models may be used at the start of exploitation of a new 
resource when few data are available, but as exploitation progresses, and investment in the fishery 
increases, more sophisticated and data-demanding models should be applied. 

2.4.3 Fishing controls 
There are many methods available for the management of fisheries, including the use of closed 
seasons, closed areas, limitations on catches or fishing effort, property rights, taxation, catch quotas 
and mesh size regulation. Usually, a management regime is some mixture of these. Evaluation of the 
effect of these management measures is only possible if specific data are available. For example, to 
measure the effect of changes in net mesh size requires fish size and species composition data from 
before and after a new regulation is imposed. Without monitoring, substantial resources can be wasted 
enforcing controls that have little benefit for the stock and great cost to those fishing. 

Therefore, monitoring of sociocultural and economic trends in the fisheries on a regular basis is also 
critical to determining whether fisheries policies are achieving their objectives. Enforcement may be 
assisted by using data collected as an audit trail, from harvesting through processing to export or 
consumption. 

Compliance itself should also be monitored to assess the effectiveness of management. An indicator 
of compliance could be, for example, the number of recorded infringements against some control 
variable (such as the area covered by surveillance flights or number of vessels observed). 

2.4.4 Economic efficiency 
The economic objectives of fisheries management include improving the economic benefits to 
participants in the fishery, the appropriate allocation of resources between competing uses (i.e. fishing 
and other sectors of the economy) and the generation of economic benefits to the broader community. 
These three objectives are complementary. Ensuring an appropriate allocation of resources between 
competing groups within and outside the fisheries sector will result in an improvement in the 
economic situation of fishers and the generation of economic benefits to the local community. How 
well the fishery is doing in this regard can be monitored using a microeconomic performance 
indicator, which describes the economic performance of those involved in fishing. The indicator can 
be used to determine how well existing management plans are achieving the desired economic goal 
and to identify which segments of the sector require the greatest attention. 

In addition, a macroeconomic indicator is important in determining how the sector is performing 
relative to other sectors of the economy, and provides useful guidance to government policy and 
planning. 

2.4.5 Social performance 
The main objective of individual vessel owners is to organize their fishing in the most economically 
efficient manner, thereby ensuring the highest level of returns. However, measures designed to create 
an overall economically efficient fishery may conflict with broader objectives of the fishing 
community. 

Many fishing fleets are dominated by a large number of small boats. In many cases, however, an 
economically efficient fleet is characterized by a much smaller number of boats. This may adversely 
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affect community stability, particularly in areas where few alternative employment opportunities 
exist. Linking biological, sociocultural and economic data collected on a routine basis will allow these 
concerns to be evaluated. 

An important aspect of social performance is the sustainability of the fishing communities. There are 
two aspects related to continuity of fishing among successive generations. One is continued access to 
the lifestyle for future generations. Will a particular management measure make it more difficult for 
young people to enter the fishery than would otherwise have been the case? The other may be the 
concern with maintaining certain critical features of the fishing lifestyle, which may form the core that 
differentiates it from other lifestyles. To address these issues, there is a need for sociocultural and 
economic data, which are in turn related to the biological status of the resources. 

2.5 REGIONAL NEEDS 
Many fish resources, whether marine or freshwater, are highly migratory or straddle boundaries of 
national jurisdiction and/or the high seas. Their management requires regional coordination and data 
sharing. 

Fisheries management of internationally shared stocks implies international obligations (e.g. to 
regional fishery organizations) on collecting and exchanging fishery data, as specified in the United 
Nations Fish Stocks Agreement and the Code (Box 2). 

BOX 2 
Regional needs as specified in international instruments 

“STATES SHOULD COMPILE FISHERY-RELATED AND OTHER SUPPORTING SCIENTIFIC 
DATA RELATING TO FISH Stocks covered by subregional and regional fisheries management 
organizations or arrangements in an internationally agreed format and provide them in a timely 
manner ...” (CODE OF CONDUCT FOR RESPONSIBLE FISHERIES ART. 7.4.6.) 

 
“Where a subregional or regional fisheries management organization or arrangement has the 
competence to establish conservation and management measures for particular straddling fish stocks 
or highly migratory fish stocks, States fishing for the stocks on the high seas and relevant coastal 
States shall give effect to their duty to co-operate by becoming members of such organization or 
participants in such arrangement, or by agreeing to apply the conservation and management measures 
established by such organization or arrangement.” (United Nations Fish Stocks Agreement, Art. 8.3) 
 

In order to accomplish the mandate of fish stock management of freshwater and marine straddling 
stocks and on the high seas, regional agencies may establish their own criteria for data collection. 
These may be special variables to be collected at specific levels of detail or by specific strata. In most 
cases, data collected at the national level can be used as the source for such data compilation, and 
simple extraction and aggregation of national data at an international level will be sufficient. 

However, in some cases the resolution requested internationally is finer than that normally used at the 
national level. Should that be the case, regional agencies must make every effort to ensure that their 
data requirements are well understood. In return, those in charge of collecting statistics at the national 
level should be well aware of the obligation to provide these data in the form required by regional 
agencies. 
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3. MODULE 2: WHAT TO COLLECT – INDICATORS, ASSOCIATED DATA TYPES 
AND VARIABLES4  

Objective of the module: To provide an overview of the major indicators and variables (WHAT) 
related to the different objectives (WHY) of data collection. 

3.1 INTRODUCTION 
Once policy and management objectives have been defined with their relative reference points, 
appropriate performance indicators can be identified, and so can the variables needed for their 
estimation. However, there is feedback between choice of indicator and data variables, as it is at this 
stage that logistics and costs have a significant influence on the data collection programme. Besides 
the demands of an indicator, the choice of variables is influenced by: 

 the financial and human capacity of the line agency responsible for data collection; 
 the operational characteristics of the fishery, which dictates what can be collected; 
 the total number of variables that can realistically be collected; 
 the number of indicators that a variable can be used for; 
 how often the data needs to be collected (or the variable needs to be sampled);  
 the expected data quality and quantity that can be obtained. 

 

Any designer of a data collection programme should identify the appropriate variables that are both 
feasible to collect, and that can provide the relevant indicators for management and policy 
development. 

3.2 INDICATORS AND VARIABLES 
A variable is what is collected in the field, and an indicator is used to measure the effectiveness of 
fishery management and policy actions implemented. The elaboration of many indicators requires the 
combination of multiple variables, and certain variables, such as catch, effort and value, are vital to a 
wide variety of indicators or may themselves be used as indicators. 

Biological indicators can be used to monitor the state of exploitation of the fishery, but are inadequate 
to assess the performance of the fisheries sector as a whole. Economic indicators can measure the 
relative importance of the fishery to the nation or region at the macroeconomic or microeconomic 
level. Sociocultural indicators take into account the diversity of needs and practices of different 
groups of people within the fisheries sector. Compliance indicators are needed to monitor the 
effectiveness of management measures and reduce conflict. In practice, fisheries assessments should 
always combine biological, economic, sociocultural and compliance indicators to guide management 
decisions. 

The identification of policy priorities and management issues is largely dependent on the 
identification of problems in the fishery. A number of performance indicators exist that can help to 
help to identify these problems, suggest courses of action and monitor the results. Variations in 
indicators alone (such as CPUE) are of limited use. These variations can be interpreted most usefully 
for decision-making when they are related to reference points as either targets (e.g. maximum 
economic yield [MEY], or fishing effort at MEY) or limits (e.g. minimum biologically acceptable 
level of spawning stock biomass). The indicators themselves are often easy to calculate from routinely 
collected data on their component variables, but the reference points are generally estimated using 
stock assessment methods. Together, they provide information on the status of the fishery and on the 
performance of the management system. 

  

                                                      
4 From FAO (1999). 
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Careful thought should be given to the data variables to be collected. The main question to be asked 
is: “What can we realistically collect with the available staff and budget?” Then it is necessary to 
differentiate between “need to know information” and “nice to know information” – it is important to 
select indicators and variables that are directly related to the objectives. These links have implications 
not only for data collection, but also for policy. If a policy requires increasing employment, but the 
agency responsible is unable to collect the necessary data to assess employment, policy performance 
cannot be reliably assessed.  

Catch and effort data are critical to constructing the most important indicators in most fisheries. Other 
data types relating to details of vessel activity may not be considered necessary in particular cases. 

In many cases, it is imperative to have long time series of data collected consistently and routinely 
(Box 3) in order to evaluate trends in the behaviour of a variable. This has long been accepted practice 
with fisheries data, but has often been ignored for economic and sociocultural data. 

For sociocultural data, the essential starting point is data on individuals who are fishing, i.e. fishers. 
Fish dealers and processors are the next most critical group. Data collection on other interested parties 
(such as consumers, environmental organizations, and coastal developers) can be added as funding 
becomes available. However, the level of detail both required and available will vary. Some data may 
be acquired from existing routine data collections, such as fishing licences or permits and census 
records. Other data may need to be collected through new programmes. 

Many of the variables can be used for more than one type of indicator (e.g. catch and effort). This 
contributes to determining their importance and priority in data collection. In some cases, important 
data types are used in a number of different assessments, as they measure a commonly used factor. 
For example, catch is both a measure of the benefit to society and “cost” to the resource, and hence 
occurs in both economic and biological indicators.  

BOX 3 
The role of routine data collection 
Statistical requirements have increased dramatically in recent decades, and the objectives moved 
gradually from the production of an annual statistical yearbook towards providing data for a fisheries 
information system (FIS). However, data needed for an FIS to support an ecosystem approach to 
fisheries, food security and poverty alleviation cannot be collected through routine data collection 
alone. Routine data collection systems should be robust and simple, and they can provide the basic 
long-term data series on fleet structure, catch, major species, value and, sometimes, fishing effort and 
catch per unit of effort. Additional information, such as biomass, biodiversity, state of the ecosystem, 
and stock status, should be covered through separate monitoring programmes or scientific research. 
With limited human and financial capacity, the long-term sustainability of routine data collection 
systems for fisheries can only be guaranteed if they focus on the basics and apply appropriate 
statistical approaches. 
 
Source: de Graaf et al. (2011). 

 

At two regional workshops (FAO, 2010a, 2010b), the following five major fisheries policies 
objectives for West Africa were identified: (i) sustainable management of aquatic resources; (ii) create 
job opportunities within fishing communities; (iii) ensure food security; (iv) develop fishing 
communities; and (v) generate foreign earnings. Table 3 presents the information requirements 
identified to support the different policy objectives. The list in Table 3 is not complete but could be 
considered as a minimum requirement for West African countries. 
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TABLE 3 
Policies, information requirements and data to be collected as identified at two regional 
workshops in West Africa 
Policy objective Information requirement What to collect (variable) 
To create job opportunities 
within fishing communities 
  
  
  
  
  
 
  

Socio-economic data 
  

No. of mature and non-mature members in household (hh) 
Level of education of each hh member 
No. of employed/unemployed per hh 
Income-level of employed hh members 
No. of full-time fishers 
No. of people using motorized vessels per community 
No of fish smokers 
No of fishers per ethnic group 
No of workers in processing 
Age distribution in fishing communities 

Cultural data Social constraints preventing people from fishing 
Sustainable management of 
aquatic resources 
  
  
  

Fishing effort No. of fishing vessels, by type 
No. of  active fishing days/trips/hours 
Gear used 
Mesh size used 
Open/closed seasons 

Catch production Catch by species by gear 
CPUE (calculated) 

Biological data MSY (calculated) 
Identify endangered species 
Environmental variables 
Length frequencies 
Maturity status 
Stomach content 
Age (otolith) 

Abundance Biomass (calculated) 
CPUE (calculated) 

Enforcement of management 
measures and regulations 

Incidents with IUU vessels, quantity of IUU fishing 
Complaints of artisanal fishers vs industrial fishery 

To ensure food security 
  
  
  
  
  
  
  
  
  
  
  
  

Disposition of fish production Post-harvest loss 
Import–export (volume & value) 

Total fish production Effort 
Catch 
Fleet structure 

Consumption pattern Total population 
Per capita consumption  

Projected demand and supply Population growth (including migration) 
Availability of fish products to 
local population 
  

Trends of local prices 
No. of cold storages per province/state/local government, etc. 
Volume of fish to local market 
Storage capacity 
Volume of fish in cold storage 

To generate foreign earnings  
  
  
  
  
  

Information on international 
markets 

International prices 
Supply and demand in international markets 
Trends of international markets  
Cost of transportation 
Value and quantity of exported products 

Compliance with international 
regulations & standards 

Volume of certified exported fish 

Knowledge on type of products 
exported 

Quantity, nature, destination of fish exports 

Knowledge on the capacity to 
produce export products 

No. of processing units, actors, type of end products 

Community development Knowledge of living conditions in 
fishing communities 

Livelihood profiles 

Knowledge of income-generating 
activities in fishing communities 

Income by activity 
Average income per fisher 

Knowledge of conflicts related to 
fisheries 

No. of incidents, profiles of incidents 

Level of organization of fishers No. of organized fishers, type of organization 
Disease prevalence Access to health care 
Level of nutrition of fisher 
households 

Consumption variables 

 

The following paragraphs present a more extensive list of examples of variables (FAO, 1999) and 
indicators. The examples given cover the most important ones.  
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It is not necessary to collect data on all the variables mentioned. The choice of data should be clearly 
justified based on their use. Data are collected to generate indicators necessary for policy and 
management; therefore, the expense of data collection, as part of management costs, needs to be 
justified. Moreover, in selecting the variables, a distinction should be made between variables 
collected through “routine data collection systems” and those collected through “ad hoc surveys or 
scientific research”. 

 

BOX 4 
Estimating total catch of small-scale fisheries 
Catch per unit of effort (CPUE) and fishing effort are often mentioned as an important indicator for 
sustainable resource use. However, one of the most important reasons to collect CPUE and effort data 
is often forgotten – CPUE and effort are the basic variables needed to estimate the total catch of a 
fishery monitored through sample-based fisheries. This as: 
 

Total catch = No. of active vessels × fishing effort × CPUE 
 

Small-scale fisheries constitute a major sector in Africa, and they can only be monitored through 
sample-based surveys. 
 

However, it should be recognized that a number of the variables presented can never be collected 
through routine data collection in a situation where staff and budget limited.  

3.3 FISHING AND OPERATIONAL INDICATORS 

3.3.1 Total catch: landings and discards 
Catch in numbers or weight represents the removal of biomass and individuals from the ecosystem, 
and it is the fundamental impact that fishing has on fish populations. Catch data are necessary for 
most stock assessment techniques (Box 4). Catches should be broken down into categories with as 
much detail as possible. The priority classification of catches should be by species and gear/vessels. 

If catches can be further broken down into categories based on size, maturity, location and date of the 
catch, it may be possible to develop a wide range of assessment methods, leading to more reliable 
results. A detailed breakdown can also improve economic and sociocultural analyses. 

The interpretation of changes in catch is very difficult without additional information on the status of 
the stock. High catches may be unsustainable, and low catches can result from exploitation rates both 
above and below the optimum. Additional information on the stock status, such as an index of 
abundance or size composition of landings, is required in order to obtain a true assessment of the 
fishery. Invariably a long time series of comparable catch data is required for any reliable 
interpretation. 

Where discarding takes place, catches will not be the same as the live weight equivalent of the 
landings. Discarding has significant biological implications and should always be recorded or 
estimated. Total catch consists of total landings and discards. 

Transshipping at sea must not be neglected in monitoring catches, otherwise a considerable proportion 
of the overall catch may be unaccounted for. Every effort should be made to identify where 
transshipping is taking place and to monitor it with on-board observers. If this is not possible, contact 
should be made with the authorities of the receiving vessel’s flag State to seek its assistance in 
obtaining the transshipment data. Similarly, in inland fisheries, transshipping from fishing boats to 
transport vessels must also be considered. 

3.3.1.1 Variables and sources 
In most cases, it is useful to obtain catch both in weight and numbers (Table 4). Conversion from 
numbers to weight (or vice versa) can be obtained through an estimate of the mean weight of the 
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individual fish caught. Length measurements may also be converted to total weight of the catch if a 
reliable length–weight relationship has been established beforehand. Similarly, landed weights for 
products resulting from primary processing at sea (gutting, etc.) can be converted to live weight 
equivalent (also called nominal catch, whole weight or round weight) once a reliable relationship is 
established. 

In general, catch data should be detailed enough in terms of time–area strata to allow them to be 
aggregated to stock units. It is not always possible to group landings and discards by stock, as often 
stocks cannot be well defined, although they can sometimes be delineated by season and area. 
Categories in practice may be based on species (or species group), fleet, season and fishing area. 

It is important to know what the target species is, as this can help in understanding vessel activities. 
Often, catches of target species (or major species) are recorded accurately, but bycatch species are 
either neglected or reported as aggregated groups, particularly where bycatch is discarded. In the light 
of increasing concern about the effect of fisheries on ecosystems, recording bycatch (whether retained 
or discarded) at the lowest possible level of aggregation is important. 

TABLE 4 
Examples of catch and discard variables 
Data type Variables 

Target species / species group Species (or species group) 

Total catch Weight, number, number of baskets, bins, boxes, holds (volume) 

Species composition Sampled fish species, number of baskets, bins, boxes, holds by species 

Average size Sampled fish species, length, weight; catch weight by size gradings 

TABLE 5 
Examples of production variables 
Data type Variables 

Product types Whole round/green; gutted; boned; headed; fins off; fillet; skin on/off; loin; mince; surimi; fishmeal (from whole 
fish, discards, broken or sour, offal, etc.); consumer packs 

Conversion factors Standard conversion factors from processed to whole weight by product type (above) 

Product storage Whole frozen; individually quick frozen; hold frozen; storage temperatures; dry; brine; salted; fresh 

Product packaging Marked and packed (e.g. tunas); carton (type and weight); bag (type and weight); basket (type and weight); barrel 

Package contents Non-fish weight (ice, glaze, salt, packing material, coatings, liquids, sauces, etc.); fish number; package weight; 
product type; size grade 

Processing machines Machine type; production rate 

 

Catch weight estimation during fishing operations may be dependent on the experience of the fisher. 
Catch weight by species in a cod-end, in the collection bin, across baskets or pumped into holds will 
always be a subjective estimate and can vary widely in accuracy among fishers. It is often possible to 
refine measurement for the landed part of the catch (e.g. counting of boxes). Refining such estimates 
can be undertaken either at landing or following on-board processing. In the latter case, it may be 
useful to record actual production in the daily log. In industrial fisheries, many fishers maintain these 
records for their own or company purposes anyway. Thus, processing methods, product types and 
their methods of storage and packaging will also be useful to audit catch and landing records 
(Table 5). 

Total landings can be obtained from logbooks, sales slips or interviews with fishers or intermediaries. 
Discard estimates can sometimes also be obtained from fishers. Data from on-board observers during 
fishing trips may be valuable where detailed trip information on discards and fishing locations is not 
usually available. Information recorded by observers should be largely the same as that at landing 
sites, but in more detail with additional relevant information on vessel operations. 

3.3.2 Effort 
In biological assessments, effort is used to estimate fishing mortality. Fishing mortality is a 
fundamental variable in stock assessment, representing the proportion of the stock that is removed by 
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fishing. Effort is used in setting most fishing controls. In economic and sociocultural analyses, effort 
can be related to fishing activity, vessel and fleet profitability and economic efficiency. Changes in 
total fishing effort may be an indication of stock status or fishing profitability but, like changes in 
catch, are difficult to interpret without additional information from other biological, economic and 
sociocultural indicators. 

Recording fishing effort requires careful thought on how effort will be used and how it may be 
collected practically. To relate effort to fishing mortality for use in biological models, it is necessary 
to relate it very closely to specific gear use, such as trap soak time or time trawling. On the other 
hand, to relate effort to profitability requires data at the trip level, including time spent at sea, time 
fishing, and labour and capital inputs. 

3.3.2.1 Variables and sources 
Usually, not all effort is of the same type on a trip. Time spent fishing, searching for fish or travelling 
to fishing grounds for fish should be distinguishable. Search-related information should be noted, such 
as the number and type of tuna schools/aggregations encountered and what they were associated with. 
Fishing effort could also have a “success” attribute, particularly in trawl and net fisheries, to enable 
complete or relative discounting of any one “set” when analyses are done. 

For active gear types, such as trawls, the size, number and times of operation may be required. For 
passive gear types, such as traps, the soak time for each gear should be recorded (Table 6). If these 
data are not available, an average case will have to be assumed. For example, if only trap boat days 
are recorded, it would have to be assumed that, on average, boats have pulled a fixed number of traps 
with the same soak time throughout the time series. If this assumption is untrue, the resulting analyses 
could be incorrect. 

To relate costs to effort, effort (Table 7) needs to be categorized by type of capital inputs (e.g. gear 
types, wheelhouse electronics, processing equipment) and type of labour (e.g. fishers, processors, 
cooks, mechanics). Many of these data are available from vessel and operations data. Here too an 
average case may have to be assumed for all effort (i.e. a fixed CPUE) if appropriate information is 
not available. 

Where available, sightings of fishing vessels (Table 8) form an important source of information on 
vessel activities. It can be used to verify effort data from other sources, or estimate effort directly. The 
use of sightings data depends on the extent of the coverage and the level of detail in the 
accompanying information (e.g. precision of location, or the extent to which activities were recorded). 

TABLE 6 
Examples of fishing gear variables for identifying gear types and characteristics 
Data type Variables 

Gear Gear type (bottom trawl, dredge, mid-water trawl, purse seine, gillnet, longline, pole and line, jiggers, traps, beach 
seine) 

Construction Mesh (meshes), material, hook size, doors, turtle excluder devices, grids, burst panels, escape doors, diversions 

Size Length, depth, headline, foot rope, hook spacing, total line length 

Deployment Bottom, mid-water, surface, fixed, anchored, free floating, association (log, school, fish aggregation device, birds, 
seamount, convergence) 

Subsidiary 
vessels 

Dinghies, scout, net boat 

Electronics Beacons, netsounder, mass sensors 

Markings Gear number; vessel identification 
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TABLE 7 
Examples of fishing effort variables 
Gear type Variables 

All gear Time sailing; time fishing; number of labour by type; types of gear; electronics; other capital inputs 

Trawl and dredge Date, times, speed, positions (latitude/longitude, location ID, grid ID, depth) for gear “set”, “on bottom”, “at 
school”, “closed”, “off bottom”, “haul start”, “on surface” 

Purse seine Date, times, positions (latitude/longitude, location ID, grid ID) of start set, end set, pursed, pumped/brailed, on 
board 

Longline Number of hooks set; date, times, positions of start set, end set, start haul, finish haul 

Trap Number of traps set; date, times, positions of start set, end set, start haul, finish haul 

Vertical nets Number and length of strings set; date, times, positions of start set, end set, start haul, finish haul 

Pole and line and jiggers Number and type of poles; number and type of jigging machines; date, start time, end time, position (latitude, 
longitude, depth) of operation 

Beach seine Length of net; date, start time, end time 

TABLE 8 
Examples of sightings variables 
Data type Variables 

Identifiers Vessel; permit or licence number as displayed on the hull of the vessel 

Location Latitude and longitude; fishing ground; statistical area; management area 

Activities Sailing; fishing; setting gear; hauling gear 

Offence Fishing without licence; fishing in a closed area; fishing out of season; lack of proper vessel identifiers; gear type, mesh size 
and fish size infractions; misreporting catch. 

3.3.3 Catch per unit of effort (CPUE) 
The CPUE or catch rate is frequently the single most useful index for long-term monitoring of the 
fishery. It is often used as an index of stock abundance, where some relationship is assumed between 
the index and the stock size. It can also be used in monitoring economic efficiency. 

However, it may be dangerous to rely on CPUE alone as a stock size index, particularly in pelagic 
fisheries. It is commonly assumed that the index is proportional to stock size and that the stock size 
changes according to a particular population model. Verification of these assumptions requires 
additional data. Another problem arises with changes over time of fishing efficiencies or operational 
patterns, which will require that the index be adjusted. Routine surveys of gear types, such as those 
obtained from frequent frame surveys, should help to cope with this problem. The CPUE alone cannot 
determine economic efficiency or vessel profitability. Additional data are needed on costs and 
earnings. 

3.3.3.1 Variables and sources 
The CPUE should be separate for each stock unit and gear type. In practice, separate CPUE indices 
may only be possible for each species (or species group), fleet, season and fishing area. In general, as 
many as possible of the variables that affect the catch rate should be recorded alongside catch and 
effort. These variables can then be included in analyses, so the CPUE can be adjusted to reflect only 
those effects that are of interest. 

The CPUE can be calculated directly from vessel landings, where catch is recorded by unit of effort. 
However, generally, both catch and fishing effort are recorded separately, and the CPUE is derived 
from these data. It is important to recognize that there may be many different measures of fishing 
effort that can be collected, so a number of alternative measures should be available from the 
variables recorded. This ensures that the most appropriate unit of effort can be used in each analysis. 

3.3.4 Fishing operations 
Fishing operations indicators describe the composition of fishing fleets and fishing patterns and are 
the basis of most management decisions. They are important for monitoring compliance and in 
analyses involving fishing effort. For example, mapping fleet activities by gear use allows 
management to detect infringements of zone allocations or potential conflicts in gear use (e.g. 
trawling versus gillnet) that require zoning. 
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Linking fishing operations to sociocultural, infrastructure and other economic data improve analyses 
of fleet activities. Such analyses produce a better understanding of motivations in the behaviour of 
different fleets, so more accurate predictions can be made of the fleet’s response to changes in the 
fishery. 

3.3.4.1 Variables and sources 
Fishery operation variables refer to information on types and number of gear, fishing location, and 
vessel speed and direction. Fishing gear requires careful monitoring because fishers will continuously 
improve their gear. Their objective is primarily to increase their catch rate or decrease their operation 
costs, and hence decrease their costs of production. Fishers also aim to comply with regulatory 
mechanisms that may be imposed, in particular to minimize catch of illegal size classes and species. 

Most fishing vessels whose activities are the target of complete enumeration will operate under a 
licensing regime or vessel register. Many of the necessary data for monitoring fishing vessel activities 
come directly from fishing vessels (Table 9), for example through log-sheets, observer reports, 
inspectors, landing enumerators or VMS. Data on operations can be linked to vessel characteristics by 
unique identifiers, such as call sign or licence number. 

Registers are generally the primary sources of data, but problems with coverage and updates can mean 
that this information needs to be collected through direct measurement for cross-checking or filling in 
gaps in the data. Logbooks, questionnaires and interviews can also provide additional information 
beyond the basic operating variables, such as cost or crew demographic data. 

TABLE 9 
Examples of fishing vessel variables 
Data type Variables 

Identifiers Vessel name; ship registration number; international radio call sign (often used as the 

unique primary key); vessel fishing licence or permit number; captain’s name; fisher’s licence number 

Type Vessel type (e.g. trawler, purse seiner, longliner, pole & liner, canoe) 

Power Inboard/outboard; sail; engine (engines) horse power; generator 

Size Gross tonnage; net register tonnage; load capacity; length; breadth 

Crew Number by grade or job description 

Gear Identification of the nature of the fishing gear used (sometimes several types within one fishing day) can be difficult, 
but is essential if accurate estimation of fishing effort is to be undertaken 

Operations Trip number; trip start/end date and time; operations (in port, sailing, fishing, broken down) 

Support craft Helicopter; scout; dinghies; associated fishing vessel (pair trawling) 

Storage Type (e.g. dry hold, brine tank, freezer); capacity; temperature 

Freezing method Brine, plate, blast 

Communications Type (e.g. radio, telephone, Internet); contact information (number, address) 

Other electronics Type (e.g. GPS systems, sonar, echo sounders) 

 

For some vessels, data on fishery operations can be recorded by a computer directly from bridge 
instrumentation. Electronically gathered operations data can also be transmitted automatically to 
databases through satellite or ground communications. 

3.3.5 Offences and prosecutions 
Changes in the number and types of offences could indicate a change in the patterns of compliance, 
offering insights into the effectiveness of management measures or changes in fishing patterns caused 
by stock/market conditions. The various laws and regulations are designed to put policy and 
management decisions into practical management measures. Preventive enforcement activities 
encourage fishers to comply with these measures, benefiting the community as a whole. A lack of 
compliance, for whatever reason, may suggest that the policy or management decision needs to be 
reconsidered or adjusted. 
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Cross-references with sociocultural and economic data will assist in identifying those fisheries where 
particular economic or cultural incentives are creating more significant compliance problems. 
Analyses may also suggest ways to address these problems. 

3.3.5.1 Variables and sources 
Data are needed to identify vessels, gear types and fishers and to associate them with specific types of 
illegal behaviour and with patterns of non-compliance. Although the number and type of recorded 
offences is a first indication of the level of compliance, the results of judicial activities provide a 
guide to the effectiveness of surveillance and enforcement. Thus, measures of the number and types of 
warnings, prosecutions and convictions and the nature and scale of penalties should be recorded, 
including warnings, summary convictions (admission of guilt), licence or fishing activity suspensions, 
fines, confiscations and imprisonment (Table 10). 

For interpreting statistics on offences, logistical data, such as the number of patrols, numbers of 
vessels examined and area searched, are also necessary. Declines in offences, for example, may be 
due more to decreasing resources for enforcement than increased compliance by fishers. 

TABLE 10 
Examples of offences and prosecution variables 
Data type Variables 

Identifiers Vessel name; registration number; international radio call sign (often used as the unique primary key); 
vessel fishing licence or permit number; captain name; crew member names; fisher’s licence number; flag 
State 

Prosecutions Number by type of offence and level of judicial proceeding 

Convictions Number by type 

Type of action taken Warning; fine; jail term; revocation of licence; confiscation of vessels/gear/catch 

Departure and destination Dates; ports 

Reason for passage request Travelling to fishing ground; ferrying passengers 

Enforcement logistics Data number of vessels searched; number of vessels fishing; number of vessels observed on patrol; date, 
time and area searched 

 

Data on illegal vessels and fishing operations can be collected at sea from sightings. Data on catch, 
such as infringements of minimum size or quota controls, can be obtained at landing sites. Data on 
judicial proceedings can be obtained from court records. Normally, sightings data are collected by air 
surveillance, although this can occasionally be done by sea patrols. Aircraft are flown at regular 
intervals over designated zones to spot illegal intrusions and illegal fishing, or even to spot domestic 
vessels in order to verify their reported positions. 

Another source of data is the transit or innocent passage request. As a fishing vessel crosses into a 
coastal State’s EEZ on the way to or coming back from its fishing ground, it is normal practice for the 
captain to report to the authority of the coastal State. Changes in the number and type of requests for 
innocent passage will enable surveillance and enforcement activities to be altered in response. This 
information may also be very useful for the country where the vessel is ultimately going to fish. Data 
will be needed to identify the vessel, its point of departure and planned destination, and the time spent 
in the waters of the State that is granting transit or innocent passage. 

3.3.6 Dissemination of compliance information 
Without knowledge of the limits to allowable behaviour, fishers may inadvertently act in ways that 
are damaging to the rest of the fishing community. The timing of information transfer to stakeholders 
(fishers, processors, regulatory agencies, etc.) will vary according to the particular fisheries 
management requirements. Static rules defined by laws may require infrequent communication 
compared with the annual distribution of quotas or effort limits. 

Indicators of the effectiveness of information transfer will include changes in the level and type of 
information disseminated (Table 11), measured through the number and type of communications, 
directly through extension/information services, or indirectly through newspapers, magazines, radio 
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and television. These levels should be compared with those for offences and prosecutions. Cross-
referencing with sociocultural and economic data may identify fisheries where current methods of 
information dissemination are inadequate and assist in finding the most effective modes of 
communication for those fisheries. 

3.3.6.1 Variables and sources 
The types of data to be monitored will include numbers, types, and locations of information bulletins 
distributed, and to whom they were targeted. Any feedback from the target audience should also be 
recorded. The agency broadcasting the information should be the main source for monitoring 
dissemination. Periodic surveys with fishers and the public will measure the effectiveness of 
information transfer. 

TABLE 11 
Examples of compliance information dissemination variables 
Data type Variables 

Dissemination format Circulars; radio messages; visits by fishery officials 

Numbers disseminated Numbers by format, location and target audience 

Locations disseminated Vessels; processing facilities; fisheries offices; local fishers cooperatives 

Audiences covered Fishers; processors; market dealers 

Feedback Feedback numbers of replies by type; current knowledge of fisher households and the general public on 
management issues 

3.3.7 Stock enhancement 
Capture fisheries, particularly of inland waters, are increasingly being subjected to practices designed 
to increase the stock size and productivity of the fishery. Such practices include releasing juvenile 
stages produced in hatcheries into the wild, the introduction of fertilizer to lakes and reservoirs, the 
culling of predator species, and the construction of artificial reefs to provide habitat for certain 
exploited species. 

3.3.7.1 Variables and sources 
Data variables in the initial stage of the enhancement project include the number of individuals at 
each specified life stage released to the wild, and quantity and type of fertilizer applied to a lake 
(Table 12). At later stages, data variables required would include levels of lake production and 
numbers of individuals recaptured alive; these data are needed to judge the biological effectiveness of 
the enhancement efforts. Data on costs and benefits will also be needed in order to judge the cost-
effectiveness of these programmes. Data sources include stocking agencies such as fishery authorities, 
hydroelectric power companies and sport fishing clubs. 

TABLE 12 
Examples of stock enhancement variables 
Data type Variables 

Fish production level Number of fish by species and age, at introduction  

Nutrient level Number of fish at and after introduction of fertilizers 

Costs Finance for research and development, implementation, monitoring 

3.4 BIOLOGICAL INDICATORS 
Biological performance indicators of a fished stock are often based on results from fish stock 
assessment. A good stock assessment should separate the different factors that lead to changes in 
catches and catch rates, such as gear or equipment used, crew size and skills, location, stock size or 
other changes in the fishery or environment. Stock assessments can provide estimates of stock size, 
fishing mortalities, yield per recruit, spawners per recruit and other indicators. These indicators 
require reference points for their interpretation, also obtained from stock assessment methods. 

The basic indicators of stock status relate to the total weight or number of fish, but do not take into 
account effects resulting from differences in age, sex or size. These basic indicators can be enhanced 
by considering the internal structure of the stock, separating juveniles from mature fish, males from 
females, and explicitly modelling growth. Moreover, individual stocks do not live in isolation, but 
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interact with other species through predation and competition. Indicators based on catch data on the 
status of the whole fish community remain crude, but data are still required both for ecosystem 
monitoring and for the development of multispecies methods. Finally, stocks are also affected by their 
physical environment. In many fisheries, there are key environmental variables that will need to be 
recorded alongside fisheries variables in order to understand the current stock status. 

Fishers often possess very detailed knowledge on species life cycles, abundance and distribution in 
time and space. This indigenous knowledge is frequently reflected in local management practices. 
While these fishery-specific data must be integrated with data available from fisheries science, they 
should not be dismissed simply because they are derived from outside the scientific establishment. 
When such local ecological knowledge is dismissed, not only are important data lost, but it 
encourages confrontation, inhibiting effective management. 

3.4.1 Stock size 
Stock assessment generally aims to estimate the current stock size and its potential for increase in 
size. These results can be used to predict future stock sizes based on a range of possible management 
measures (quota, effort limitation). In the simplest case, all the fish in the stock are assumed to be the 
same, so sex, size, maturity and other species are ignored. The number of fish in an ocean, sea, lake or 
river at any time depends upon the previous number of fish together with those factors that cause the 
number to change. The changes can be attributed to natural and fishing mortality, recruitment, 
immigration and emigration. A stock is so defined as to exclude immigration and emigration (i.e. a 
self-contained fish population). Models of recruitment and natural mortality need to be assumed, 
while fishing mortality can be estimated using catch data. 

A number of the indicators on stock size are used to define the state of a stock and the controls 
necessary to conserve it. For example, replacement yield is the estimated current population growth, 
such that if that quantity of fish is caught there will be no overall change in the population size; it can 
be used to set overall quotas. Current fishing mortality can be estimated relative to that which would 
obtain the maximum sustainable yield (MSY), which could be used to set a limit to fleet expansion. 
Similar combinations of indices and reference points can be used to set limits on effort, numbers of 
licences and other controls relevant to management objectives. 

3.4.1.1 Variables and sources 
Estimating stock size requires a time series of the total catches (including discards) and an index of 
the stock size. The time series should ideally be complete since the start of the fishery. Even if data 
are incomplete, the total catches will have to be present or estimated for the entire period as these are 
used in the population model and provide proxy estimates for resource potential and variability. They 
are a measure of the impact the fishery has had on the stock. 

The CPUE is often used as the main indicator of stock size. The catch and effort series need not be 
complete over the life of the fishery, but the more catch and effort data there are, the better the 
assessment will be. This is because CPUE is used as an index to link observations to the underlying 
fish population model, rather than an integral part of the population model itself. An alternative 
indicator of stock size is obtained from scientific surveys of biomass (e.g. trawls or acoustic surveys). 
Scientific surveys are independent of the fishery, and so avoid many of the problems of bias that 
occur with CPUE indices. However, they tend to be expensive and therefore few data may be 
available. Combining results of scientific surveys and CPUE of the commercial fishery is often the 
best course. As stock size is strongly affected by annual recruitment, recruitment indices, provided by 
regular egg, larvae or juvenile surveys or an environmental index (such as rainfall or upwelling 
strength), may be necessary. Stock can be estimated either as numbers of fish or as biomass (the 
numbers of fish multiplied by their mean weight). If catches are only measured as weight, assessment 
methods based on numbers of fish will require the mean fish weight. 
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In many cases, it will be necessary to identify individual stocks (self-contained fish populations) for 
stock assessments. While this can be done using special research projects, routinely collected 
biological data including samples of meristic characters, parasites, blood samples, number of 
vertebrae or spawning season will help separate one stock from another (Table 13). 

Catch and effort variables are available from vessel activity and landings data. Recruitment indices 
may be collected through fishing surveys and larval collectors or be obtained from outside sources. 
Other scientific data could be collected on sample surveys undertaken by the responsible scientific 
institute or agency. 

TABLE 13 
Examples of stock size variables 
Data type Variables 

CPUE Catch, effort 

Scientific survey data Location; volume of water fished; volume or area searched; biomass detected 

Catch Total catch in numbers and biomass by species (i.e. total removals from the ecosystem) 

Recruitment indices Indices of environmental variables; direct surveys of larvae 

Stock identification Morphometric variables; measures of difference from mDNA and electrophoresis 

3.4.2 Stock structure 
While overall stock size is of greatest importance, the stock status can be more accurately assessed if 
some account is made of the stock structure, such as age, sex and maturity. Even if the overall stock 
size is large, there should be some concern if the subpopulation of mature females were more heavily 
depleted, as this may have a future impact on recruitment. The methodologies used are similar to 
those for determining stock size, except additional variables are now needed to break the catch down 
into categories. 

Indicators can use variables related to stock structure to assess the status of the population. In general, 
as the rate of exploitation increases, the mean size of the fish in the population and in the landings 
becomes smaller. This may have two consequences. First, fish may be caught before they reach their 
optimum market size, so potential economic gains from fish growth are lost (growth overfishing), 
particularly if larger fish have higher prices per kilogram. Second, fewer fish recruited to the stock 
have a chance to reach maturity and spawn. This can lead to recruitment failure in later years 
(recruitment overfishing). 

Common indicators, such as yield per recruit or spawners per recruit, attempt to indicate the current 
rate of stock production in terms of growth and recruitment. This can guide managers in whether the 
fishing pressure is too great to be sustained. More simple analyses provide information on spawning 
season, spawning grounds and nursery areas. 

Analyses combining both stock structure and stock size, such as tuned virtual population analyses 
(VPAs), provide particularly powerful indicators on the status of the stock. However, the data 
demands for these methods are high, requiring all catches to be broken down accurately into age 
and/or size categories. 

3.4.2.1 Variables and sources 
Size and/or age structure provides the critical information on stock structure (Table 14). Age can be 
either observed directly through counting growth rings or derived from size using a growth model. 
Conversions from size to age frequencies are best accomplished using an age–length key, which is 
derived from aged subsamples of the full size frequency. Because of interannual changes in growth 
and reproduction, length–weight relationships and age–length keys should be established for each 
year, if possible.  

The stock subpopulations that may need to be particularly monitored are those of recruits and pre-
recruits, mature stock, and breeding females. Maturity measures should always be accompanied with 
length measurements to be able to detect the “size at first maturity”. However, obtaining the sex and 
maturity of a fish is not always easy. Some species may even change sex as they grow, and many 
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species may change their “size at first maturity” downwards as fishing pressure increases. Size 
composition data are relatively easy to collect by sampling vessel catches. Usually, a standardized 
length measure is recorded.  

Large length-frequency samples are needed for a good stock assessment. A subsample of individual 
body weights is often considered useful as it allows routinely gathered lengths to be converted to 
catch weight, necessary for yield-per-recruit and other growth-based analyses. In some cases, fish 
may be graded by size for commercial reasons, so landings and market records may prove a useful 
source of these data. Where fish are landed by size categories, it is necessary to sample all categories 
and to apply raising procedures that lead to accurate estimates of the total length composition in the 
catch. For the application of VPA and similar methods, all length or age data must be raised to the 
total landings. 

TABLE 14 
Examples of stock structure variables 
Data type Variables 

Age Otolith rings; scale rings 

Size Fish weight; fish length 

Sex and maturity based on internal or external characteristics; gonad state 

3.4.3 Species community structure 
While no widely accepted multispecies stock assessment techniques exist, resource assessment 
analyses sometimes include some provision for biological interactions (predation and competition 
between species) and technical interactions (differential species selection by the gear). A change in 
species composition of the exploited community is an indicator of overall health of the ecosystem 
(Table 15). Such changes may be interpreted, inter alia, through changes in abundance of ecologically 
important species (keystone species), overall species diversity, and changing mean trophic level. 

Information on incidental catches, including those of aquatic birds, reptiles and mammals, that are not 
retained by fishers, provides an indication of mortality inflicted on these species not represented in the 
landings. These data are important for assessing the impact of fishing on the ecosystem as a whole. 
Catches should be recorded separately for each species, or as fine a taxonomic grouping as is 
practicable. This may be achieved through species composition sampling or complete enumeration 
where species are separated for the market. 

TABLE 15 
Examples of species community structure variables 
Data type Variables 

Species taxonomic groups Species names; species in commercial groupings 

Species composition Catch in numbers and weight by species 

Species interactions Stomach contents 

3.4.4 Environment 
Environmental information to be used in relation to other information on the stock (such as catch and 
effort) will be important in a number of studies, particularly where there is a direct link with 
environmental effects and landings, such as with the main upwelling fisheries or inland floodplain 
fisheries. Important limnological, oceanographic and meteorological data may be used in a range of 
analyses, including groundtruthing of remotely sensed data. Although fishing is often a major factor 
in determining fish abundance, populations will fluctuate whether exploited or not. Natural 
fluctuations of ecosystems are not fully understood by researchers and, therefore, fluctuations in 
stocks cannot be predicted as accurately as desired. To separate the different effects, a long time series 
of data is needed covering periods of significant change in the variables for both stock size and 
environmental effects. Depending on the analysis used, data covering at least 15 years may be 
required for reliable results. 
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3.4.4.1 Variables and sources 
A large number of variables could be listed that would give information on the various habitats or 
ecosystems. General variables include: water level, area flooded and topographical information in 
riverine and floodplain fisheries; salinity gradients in mangroves and coastal areas; and seasonality 
and gradients in temperature (Table 16). Logbooks may contain information on some environmental 
variables. Many environmental variables are routinely collected by various governmental institutions: 
topographical maps, satellite images, automatic-recording buoys at sea, etc. Much information on the 
environment is available through scientific research. A VMS can be useful for collecting certain 
environmental data that relate directly to fishing operations. With modern reliable interfaces between 
sensors and computers, it will be feasible to collect a variety of environmental data with minimum 
cost and error. Such data can be collected and stored at smaller time intervals between measurements 
than crews have time for, and can provide a major source, perhaps partially replacing expensive 
research platforms. Many types of environmental information, such as meteorological data, should be 
collected by other institutions or agencies. 

TABLE 16 
Examples of environmental variables 
Data type Variables 

Oceanographic /limnological Water temperature profile (at surface/on bottom/at gear); currents (speed and direction); sea state (wave 
height); sea colour; nitrate concentration; oxygen concentration; pH; salinity 

Meteorological Rainfall; air temperature; wind (speed and direction); ice formation 

3.5 ECONOMIC INDICATORS 
A number of measures exist that various agencies have used to measure the economic significance of 
fisheries to national and local economies and assess the performance of fisheries management in 
achieving economic objectives. The key macroeconomic indicators include: the gross value of 
production, the gross value added, the level of subsidies, the level of employment, the balance of 
trade, and foreign exchange earnings. The first four indicators can also be applied at the regional or 
fishery level. Key microeconomic indicators include: the level of resource rent, the economic 
performance of fishers, and changes in the level of investment. These indicators are evaluated at the 
level of the fishery or the individual fleet segments within a fishery. Policy-makers also need to be 
aware of changes in the level of consumer demand in the economy. Changes in demand will affect the 
prices received by fishers (although the final consumer does not generally purchase from the fisher), 
having an impact on their performance and the value of the fishery to the broader community. The 
economic performance of the fish processing sector may also be important in some countries. The 
continued existence of some fisheries may depend on a viable processing industry. Measures similar 
to those used for assessing the harvesting sector may also be applied to the processing sector. 

3.5.1 Market prices 
Market prices at the various market levels are short- and medium-term indicators of the demand for 
fish products. They signal changes in markets and, if properly interpreted, provide hints to the future 
commercial operations of the sector. Prices are also necessary for the calculation of many other 
economic indicators. 

Analyses of factors affecting prices are important when formulating fisheries policies. For many fish 
species, their price is a function of a number of factors, including landings, and the landings of other 
species that may be close substitutes in the market. Management policies that change the mix of 
landings (such as total allowable catch [TAC] for particular species) will change prices, and hence the 
total revenue and profitability of the sector. The responsiveness of price to changes in quantity landed 
is a useful measure when looking at the implications of management controls that affect landings. The 
price response to supply can be estimated from prices received and quantity landed for the domestic 
and/or export markets. However, this relationship may be dependent on additional factors, such as 
prices of competing food items and the level of imports. All market variables may also be affected by 
other macroeconomic variables, such as inflation or the exchange rate, so use of price data in this way 
may require a good understanding of the economy as a whole. Prices based on market structures can 
be useful in policy formulation. Significant differences in prices between regional markets could 
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indicate barriers to entry (e.g. a lack of transport facilities). Similarly, large differences between prices 
paid to fishers and prices paid by consumers could indicate market imperfections (e.g. collusion by 
buyers). Once identified, these problems may be addressed through changes in policy. 

3.5.1.1 Variables and sources 
Local, national and regional market prices (Table 17) should be collected by the appropriate 
government agencies. Information at the level of international markets may be collected through the 
various FAO services concentrated in Globefish and on the Internet. 

TABLE 17 
Examples of market price variables 
Data type Variables 

Price of products Price by species (or species group), market grade, market level (harvest, processor, wholesale, retail; local, national, 
regional, international) 

3.5.2 Gross value of production and of processed products 
The gross value of production (GVP) is determined by multiplying total production by the price 
received. The GVP provides an indication of the potential economic importance of a fishery relative 
to other fisheries or other industries in a nation or province. However, increasing GVP could represent 
either a worsening or improving long-term state of the fishery. To account for this, the change in the 
value of the remaining biomass of the stock could be deducted (or added in the case of a stock 
increase) from the calculated GVP. The GVP can be broken down into the gross value of processed 
products (Table 18). This provides information on the level of economic activity of the fisheries 
processing subsector with respect to the other fisheries subsectors and the rest of the food processing 
sector. It is the result of multiplying the value of each respective type of product by the volume 
produced in a given time. 

3.5.2.1 Variables and sources 
For the harvest sector, information on volume and value of production can be obtained from landing 
sites (e.g. landing sales slips, logbooks). The volume of final production of the industry can be 
obtained from sales and production records. Other data may be obtained from diverse sources 
depending on each particular situation, including post-harvest facilities, national statistical authorities 
and customs records. 

TABLE 18 
Examples of variables for gross value of production 
Data type Variables 

Production Landed weight by product type; processed weight by product type 

Prices and unit values Value of output by product type 

3.5.3 Costs and earnings 
Profitability (Table 19) is a vital microeconomic indicator of fishery performance. Improving the 
incomes of fishers is often an important fisheries objective. Information on boat profitability provides 
a measure of performance in achieving this objective, as well as providing an indication of economic 
sustainability. The same indicator can be derived for the processing sector. However, with harvesting 
and processing becoming more integrated, it may not always be possible to fully separate these 
sectors. To remain viable in the short term, fishers, processors and others must be able to cover all of 
their cash costs. Hence, a measure of financial profitability of different vessels and facilities provides 
an indication of short-term sustainability. To stay in the fishery in the longer term, operators need to 
meet all costs and, therefore, economic profitability is the more appropriate measure. This includes 
non-cash costs, such as the value of their own labour and the depreciation of capital. In addition, they 
must achieve a return on their investment that is at least as much as that which could be earned 
elsewhere in the economy. Otherwise, new investment will tend to be diverted to other sectors that are 
expected to yield a higher return. In the short term, however, the existing capital is effectively sunk, 
so vessels and facilities will continue to operate as long as positive rates of return are being achieved, 
even if the return on this investment is low. 
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When examining economic profitability, the treatment of cash costs also differs. Pecuniary payments 
(e.g. interest, rental and lease payments) are not included, as these represent transfers rather than real 
resource costs. These are compensated for by the introduction of an allowance representing the 
expected return on investments. Loan repayments (while an important financial cost) are also not 
included in the measure of economic profitability. These are compensated for by the inclusion of 
depreciation charges, which account for the capital consumed in the fishing activity. 

TABLE 19 
Examples of profitability variables 
Data type Variables 

Revenues Sales quantity and price by market grade or processed grade 

Fixed costs (vessel) Insurance (hull, property, workers compensation, health, protection and indemnity); professional fees 
(accounting, legal, bookkeeping, tax filing); loan payments (principal and interest); finance/service 
charges; vessel depreciation; all other gear depreciation (fishing gear, electronics); storage; leases; 
repairs and maintenance of hull, engine, equipment and fishing gear; haul out; overhaul; dockage; 
vessel permit fees; fishing licences and fees; office expenses; association fees; cold storage rental; 
onshore costs (processing, holding); lease, fees or rent of onshore facilities 

Fixed costs (processor) Insurance (property and casualty, business interruption, workers compensation, health, protection and 
indemnity, etc.); professional fees (accounting, legal, bookkeeping, tax filing, etc.); loan payments 
(principal and interest, finance/service charges; depreciation; administrative salaries; taxes (income, 
property, etc.); plant improvement costs; advertising; permits; bad debt allowance; storage; leases; 
repairs; maintenance; office; office expenses; association fees; cold storage rental 

Variable costs (vessel) Fuel; oil; bait; ice; water; total food cost; trip, trading/handling/ unloading; on-board processing costs; 
packaging material; local transport costs; supplies; labour costs (crew, number, crew share formula, 
total crew cost, total captain cost, non-monetary compensation estimated value, non-monetary 
compensation distribution formula, captain and crew bonuses); onshore employee salaries 

Variable costs (processor) 

 

Labour (number of full- and part- time employees and cost); utilities; transportation; raw product cost; 
packaging material; additives used in the production process; waste amelioration, water (quantity and 
cost); local transport costs; supplies. 

Assets and financial flows 
(vessel) 

 

Current assets (list and value); long-term assets (lists and estimated market value); current liabilities 
(list and amount); long-term liabilities (list and amount); annual income all fishing sources; annual cash 
flow all destinations; sources of financing; total other annual revenue from use of vessel; amount and 
value of quota or fishing effort bought or sold; market value of processing plant; land; equipment 

Assets and financial flows 
(processor) 

Long-term liabilities (list and amount); income from all sources; cash outflow from all destinations; 
value of stocks, market value of plant, land and equipment 

Technical information (vessel) Type of vessel; length; gross and net tonnage; hull construction material; hold capacity; engine (age, 
power, fuel type); harvest gear; deck gear; gear-mounted electronics; on-board processing/refrigeration 
(capacities/description); year built; purchase year and price; estimated market value fully equipped; 
market value of permits owned; number of vessels within the group; market value of onshore 
investment (e.g. storage areas, vehicles, workshops) 

Technical information 
(processor) 

 

Plant identification and activities; primary markets; plant capacity; degree of vertical integration; 
degree of horizontal integration; equipment inventory; types of waste amelioration; total number of 
workers; total numbers of support staff; domestic fish purchased; domestic fish imported; production 
hours; inventories; quantity and value of output by product form and by customer 

 

Both stock assessment and sociocultural analysis may be needed if profitability is to be properly 
interpreted. As with the measure of GVP and resource rent, the use of vessel profitability as an 
indicator of economic performance needs to account for the biological status of the stock. Similarly, 
monetary profits may be distorted by sociocultural factors. For example, in fisheries where crew and 
captain are kin, some cash costs may be deferred longer than would usually be expected. 

3.5.3.1 Variables and sources 
The main information sources are the harvesting (individual fishers) and processing sectors. However, 
support industries, such as fuel and fishing gear suppliers, may provide useful cost data. Many of 
these variables are also necessary for calculating other indicators that use costs of production (see 
gross value added [GVA] and resource rent and economic profits). 

3.5.4 Investment 
The amount of investment is one of the best indicators of changes in fishing and processing capacity. 
Investment (Table 20) can involve upgrades of existing operational capacity or acquisition of new 
capacity, in the harvesting, processing or marketing sectors. Each type of investment has different 
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implications for fisheries management. Given the state of exploitation of world resources and the need 
for sustainability, investment in fishing fleets is of special concern to governments. 

3.5.4.1 Variables and sources 
Official registration of investments with the ministry of finance (or similar authorities) should be the 
main source of data. Secondary sources include secondary support sectors, such as fishing gear 
suppliers and manufacturers, and the vessel registration system. 

TABLE 20 
Examples of investment variables 
Data type Variables 

Financial investment Investment by sector, type of economic unit, origin and destination 

Existing incentives Financial return/profitability by fishery and fleet segment 

3.5.5 Management costs 
Management costs (Table 21) are government and industry expenses related to the administration and 
monitoring of the fishery. Different types of policies and management plans imply different needs for 
staff, material, and other funding for research, implementation, monitoring, enforcement, etc. As more 
costly policies and regulations are implemented, the benefits to be gained through the use of those 
policies or regulations are dissipated. Thus, it is important to track management costs being incurred. 
As well as being evaluated using their own trends, management costs are necessary for other 
indicators, such as economic rent. 

3.5.5.1 Variables and sources 
The primary data source is the fisheries administration, with other costs being inferred from industry 
data, such as employment. 

TABLE 21 
Examples of management cost variables 
Data type Variables 

Costs to government Surveillance costs; enforcement costs; training costs; administration costs; scientific research cost 

Costs to industry Administration costs 

3.5.6 Gross value added 
The GVA is the total amount paid as returns or rent to labour and capital (and theoretically to the 
resource base as well, although this rarely occurs without property rights). It provides a measure of 
the increase in income after the costs of intermediate inputs into the production have been deducted 
(except capital depreciation). It builds on the GVP by including all costs except labour and capital. It 
represents the contribution or value added to the economy by the fisheries sector. It provides a 
measure of the economic importance of the sector in the national economy in relative terms. 
Depending on the coverage and the methodology used, it indicates the wealth generated by the sector 
in comparison with other sectors, as well as the wealth distribution among the factors of production. 

In many countries, the GVA is estimated by central specialized government agencies as a part of the 
agricultural gross product, which is incorporated in the gross domestic product (GDP). Where the 
GVA is measured separately, it is generally only identified for the harvesting sector. The value added 
by the processing and marketing sector (Table 22), while also incorporated in the national GDP, is 
usually not readily identifiable as a separate measure. Many countries are attempting to improve 
estimation of the GVA, as it is one of the best indicators of performance. It is very much in the 
interest of the fisheries sector as a whole to participate in its preparation. 

3.5.6.1 Variables and sources 
At present, in many countries, the GVA and many of its component rents have to be extracted from 
raw data used to calculate agricultural GDP or estimated on an exclusive basis from cost and earnings 
data. Other data, such as licensing and fee information, will be available from the fisheries 
administration. Data on subsidies may be available from economics ministries and/or the fisheries 
administration. 
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TABLE 22 
Examples of value added variables 
Data type Variables 

Harvesting/processing revenue Value of output, prices, quantities of product, landings weight 

Costs of harvesting Fuel, ice, salt, bait, repairs, maintenance, insurance 

Costs of processing Cost of raw product, fuel, electricity, power and water, packaging, shipment 

3.5.7 Subsidies 
Subsidies have been used in many countries to assist in the development of the fisheries sector. 
However, they have also resulted in negative effects such as overcapitalization and overfishing. 
Identification and evaluation of the various types of subsidies in use in a nation’s fisheries should 
support the policy formulation process. The costs of fisheries management, if not borne by the fishing 
industry, may also be considered a subsidy to the sector. To evaluate this, both management costs and 
government revenue raised from the fishing sector need to be estimated (Table 23). 

TABLE 23 
Examples of subsidy variables 
Data type Variables 

Subsidies Fuel rebates; financial reimbursements; vessel buyback programmes; import tariffs; export subsidies; low credit 
rates 

Government revenue Income tax on fishers; import duty on fishing gear; tax on fish products; licence fees 

Government costs See Table 21 

3.5.7.1 Variables and sources 
These data should be available from economics ministries and/or the fisheries administration. 

3.5.8 Resource rent and economic profits 
Of particular interest to economists is resource rent, which is measured at the level of the individual 
fishery. Resource rent is the returns to the capital inputs provided by the resource itself. If the resource 
is not owned, these returns tend to be dissipated as a result of overfishing. Fisheries management 
generates resource rent by restricting the level of fishing activity. The generation of resource rent is 
the main economic objective of management and represents the revenue that could be extracted from 
the fishery in return for the use of a community resource. However, the amount of rent extracted is a 
policy issue for individual governments to decide. Therefore, rent-related indicators provide sound 
information for fisheries planning, policy formulation and management. The level of rent generated in 
a fishery relative to the maximum long-run level of rent that could be achieved is an appropriate 
indicator of the economic performance of fisheries management. The potential level of resource rent 
in a fishery can be estimated using bioeconomic models (based on stock assessments, cost and 
earnings data). Although initial the setting up of cost and earnings studies may be expensive, 
subsequent updates are much less costly. Economic profits, often used as an alternative to rent in 
measuring economic performance, are the difference between revenues and all costs (including 
opportunity costs) involved in the fishery operation. However, economic profits include both resource 
rent and producer surplus (effectively the returns to the skill and management of the individual 
fishers). 

Separating out these two components is generally difficult. However, it is generally accepted that 
changes in economic profits are indicative of changes in resource rent in a fishery. Estimates of gross 
economic profits can be derived from deducting subsidies, management, labour and capital costs 
(including opportunity costs) from the GVA. An alternative inexpensive indication of the level of 
resource rent in a fishery is the licence or quota value. These can only exist where there are a limited 
number of licences or quotas that can be freely sold. While the relationship between licence or quota 
value and the level of rent in a fishery is not certain, these values can be expected to vary with 
expectations of future levels of profitability. Consequently, a change in the fishery that is expected to 
result in increased or decreased future profits will cause these values also to change, reflecting this 
expectation. Licence and quota values may be affected by factors other than resource rent, such as 
subsidies and taxes and imperfections in the licence or quota market. Where this applies, their 
usefulness as indicators of economic performance can be limited. 
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3.5.8.1 Variables and sources 
Economic rent combines the same variables as a number of other indicators, namely vessel/processor 
profitability, subsidies, management costs, prices and GVP (Table 24). It therefore uses the same 
variables and sources. Where it has been decided to use licence or quota values, the fisheries 
administration should register transactions, and therefore be able to provide prices. To assess the 
opportunity cost of labour, it may be necessary to collect information on wages and employment 
opportunities outside the fishing industry and the level of unemployment in the region. In countries 
and regions where unemployment is relatively low (e.g. unemployment rate of 5 percent or lower), 
crew payments may be an adequate reflection of the opportunity cost of labour. Average crew 
incomes are often higher than wages of workers in other industries having comparable levels of 
education and skill because of the risks and hardships of fishing. Where relatively high rates of 
unemployment exist, the opportunities for productive employment of fishers in other occupations 
might be very limited, especially in developing countries. Consequently, in these situations, the 
opportunity cost of labour is likely to be very low but always greater than zero. A zero opportunity 
wage would imply that time is valueless; this assumption is usually not appropriate because many 
unemployed persons are in fact engaged in some productive activity such as child care, home 
improvements and others. Even where there is no productive activity, the assumption of a zero 
opportunity wage might be inappropriate because leisure itself is a valued activity. 

The cost of capital includes economic depreciation and the opportunity cost of capital. Depreciation is 
a non-cash cost representing the wear and tear associated with using the capital asset, and it is based 
on the decline in value of the asset over time. The opportunity cost of capital is the return that the 
investment could have earned if it had been invested in the next best industry of equivalent risk 
elsewhere in the economy. A low-risk measure may be the return on government bonds while a range 
of return rates for different levels of risk may be derived from the stock market. For the fish 
harvesting sector, an appropriate comparison may be the rates of return from equivalent investment in 
agriculture. 

TABLE 24 
Examples of economic rent variables 
Data type Variables 

Production Landed weight by product type; processed weight by product type 

Prices and unit values Value of output by product type 

Harvesting costs Fuel; ice; salt; bait; repair; maintenance; insurance 

Processing costs Unprocessed product; power; water; packaging; shipment 

Opportunity costs Interest rates; rates of return on capital in other sectors; wage rates in alternative 

Subsidy and management costs Subsidies; administration; monitoring, control and surveillance (MCS) 

Licence or quota values Licence prices; quota prices; number of licences by type; number and size of quotas by type; number 
and price of processing licences by type; income from auctions of fishing rights; income from special 
fishing agreements (supply contracts and leasing to foreign countries) 

3.5.9 Domestic food supply and fish consumption 
Fish supply to the country and trends in average per capita consumption give an assessment of 
consumer dependence on fish as a food source at different national, regional and demographic levels 
(Table 25). This is very useful in the formulation of policies on fish trade and ensuring food security. 

TABLE 25 
Examples of PER CAPITA food supply variables 
Data type Variables 

Landings Quantity by use (food, non-food) 

Fishery imports & exports Quantity by use (food, non-food) 

Conversion factors Ratio of weight of fish product to weight of protein by product and species 

National population Numbers of people; fish consumption; average food consumption by food type 
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3.5.9.1 Variables and sources 
Data originate from the harvesting, processing and marketing sectors. At the national level, fisheries 
administrations and economics ministries should participate in the collection and compilation of these 
data. At the international level, data are received, compiled and published by FAO. 

3.5.10 Employment level in the fisheries sector 
In setting policy, it is useful to know the relative importance of the fishery sector as a source of 
employment. The number of people employed in fishing, processing and marketing can provide 
information on the importance of these sectors to the regional and national economy. The indicator 
needs to take into account a range of factors affecting employment in the fishery sector (Table 26). An 
overfished fishery may well have a higher level of employment than a well-managed fishery. 
Similarly, falls in employment may be due to falling catches as a result of overfishing in previous 
years, management policies designed to reduce effort to improve the longer-term status of the fishery, 
or improvements in the regional economy attracting labour away from fishing into other enterprises.  

3.5.10.1 Variables and sources 
Information on employment may be obtained through census, surveys and in some cases by sampling 
from the harvesting, processing and marketing sectors. These data are often collected by central 
government offices and fisheries administrations. 

TABLE 26 
Examples of employment variables 
Data type Variables 

Number of persons employed in fishery Employees by primary, secondary and tertiary sectors, and by age, sex and job category (fishers, 
crew, plant workers, intermediaries, transport, services, etc.), time spent in occupation 

Employment in non-fisheries industries Employees in primary, secondary and tertiary sectors, and by job category, age and sex  

Unemployment Unemployment nationally by region, and within the fishing community 

3.5.11 Balance of trade of fish and fishery products 
The balance of trade reflects the difference between the value of imports and the value of exports of 
fish and fish products (Table 27). It shows foreign currency earnings and losses as a result of 
international fish trade. In addition, the participation, structure and current trends of the national 
fisheries sector in relation to the international trade position can be analysed. The identification of 
relevant information in the preliminary analysis of this indicator could lead to a detailed study of the 
fish trade and eventually to the formulation of trade policies.  

3.5.11.1  Variables and sources  
Information on fish imports and exports value and volume may be obtained from the national 
financial authority responsible for monitoring international trade. Information on foreign trade of 
fisheries products is also compiled by FAO and the Organisation for Economic Co-operation and 
Development (OECD) based on statistics provided by individual countries, and by the UN Statistical 
Office. 

TABLE 27 
Examples of balance of trade variables 
Data type Variables 

Volume of trade Quantity exported by product type; quantity imported by product type 

Volume of trade Value exported by product type; value imported by product type 

3.5.12 Net foreign currency position of the fisheries sector 
The net change in foreign currency reserves as the result of fishing sector activities can be compared 
with other sectors to determine the importance of fishing in maintaining foreign currency reserves and 
exchange rates. The indicator includes the gain (if any) of foreign currency from exports of fisheries 
products less the loss in foreign currency from the imports used in fisheries production. 

Additional related indicators are the proportion of the GVP that is exported and the proportion of total 
costs in the harvesting and processing sectors that result from the use of imports. These are used to 
provide an indication of the sensitivity of overall profitability to exchange rates.  
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3.5.12.1 Variables and sources 
Import and export data are usually obtained from the national financial authority responsible for 
monitoring international trade (Table 28). Cost data can be obtained from the harvesting and 
processing sectors. 

TABLE 28 
Examples of foreign currency position variables 
Data type Variables 

Export values Value by fish product 

Costs Costs of inputs imported by sector; total sector costs 

3.6 SOCIOCULTURAL INDICATORS 
Sociocultural indicators are critical for evaluating policies and management activities, as they measure 
the value of fisheries beyond their simple economic worth. However, routine data collection for 
sociocultural indicators has often been neglected, reliance being placed on ad hoc political procedures 
that aim to represent sociocultural views. In practice, these will not replace objective assessments of 
performance, and sociocultural data should be collected routinely alongside biological and economic 
information. 

Many sociocultural issues may be assessed using performance indicators. These indicators tend to 
concentrate on issues of equity and social value, where fishing contributes to society in ways that 
otherwise are difficult to assess. However, in contrast with biological and economic indicators, targets 
and limits are not necessarily well defined (e.g. through mathematical formulations) or widely 
accepted, so appropriate targets and limits will depend on local fishery policies and traditions. 

3.6.1 Distribution of fishing income 
The distribution of income is a measure of equity within fishing communities, and between fishing 
communities and the wider society. Managers can use economic data on fishing income broken down 
by sociocultural categories to tell whether one subgroup is advantaged over another and whether 
particular management measures have greater impact on any one part of the community (Table 29). In 
conjunction with measures of overall income, income distribution can also address dependence on 
fishing compared with other activities and indicate how well fishers may be doing relative to average 
national incomes. 

TABLE 29 
Examples of income distribution variables 
Data type Variables 

Earnings Earnings for each crew member (e.g. catch value added, share system or wage rates); earnings for each fishing 
household (through fishing, fishing-related and other jobs); 

Demographic data Number of members in each household; age; sex; ethnicity; target fishery or fisheries; community of residence 

3.6.1.1 Variables and sources 
Data are usually obtained from interviews with workers, from industry records in the harvest and 
market sectors, and from interviews in the fishing communities. Government agencies should also 
have relevant demographic data from national surveys. 

3.6.2 Distribution of fish consumption 
Distribution of fish consumption is a measure of food security and social stability within fishing 
communities. In combination with national average per capita measures, this indicator enables policy-
makers to assess food security with respect to fish supply, not only of the nation as a whole, but also 
of vulnerable subgroups such as mothers, children, the old and the poor. In combination with catch 
and species composition data, it can indicate which species and sizes are of critical importance to 
those vulnerable groups. 

3.6.2.1 Variables and sources 
To measure per capita consumption as distributed across important subgroups, critical variables are 
landings and consumption by species, as distributed by demographic variables and geographic region 
(Table 30). Other more general household data, such as household budgets and food consumption, 
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may be required for the elaboration of appropriate reference points. In addition, in many cultures, it is 
important to share and distribute the fruits of one’s fishing or farming labours among kin or 
neighbours. This distribution of food or income from harvested products is a vital underpinning of the 
social structure as well as a traditional way of ensuring food for those unable to acquire it themselves 
owing to age or infirmity. There may also be ritual or religious requirements for eating particular fish 
species on certain occasions. Household and community data from the harvest sector and (for non-
fishing households) should be available from government agencies. 

TABLE 30 
Examples of distribution of fish consumption variables 
Data type Variables 

Landings Quantity by use (food, non-food). 

Fishery imports and exports Quantity by use (food, non-food) 

Nutrient conversion factors Weight of fish product to grams of protein, by product type and species 

National population Numbers of people by region, community, fleet, and demographic variables (age, ethnicity etc.) 

Food sharing patterns Cultural rules for food distribution in general; specific foods required for ritual use 

3.6.3 Nature of access to the fishery 
To assess fisheries governance, fishery management plans must address the nature of access to the 
fishery and degree of local involvement in management. An indicator of the nature of access can be 
used to measure the degree of comanagement and the level of trust between fishers and managers. 
Combined with indicators of effort, stock status and capitalization, such information may be used to 
assess changes in catch and effort, and to estimate the likelihood of compliance with alternative 
controls. A new fishery management plan will need to consider the current management system. To 
do this, data are needed to document and assess current systems, identifying strengths and weaknesses 
and proposing practical solutions to problems. 

3.6.3.1 Variables and sources 
Critical variables fall into four types: 

 Details of the institutional arrangements, both formal and informal, that govern access to and 
use of the resource. 

 Rules for membership in particular institutions based on demographic characteristics or 
community of residence. 

 Conflicts between competing systems (e.g. a formal and an informal system in place at the 
same location) or caused by the nature of the access (e.g. gear conflicts owing to a 
proliferation of vessels under open access). 

 

Degree of incorporation of local knowledge covered include government fisheries departments, 
fishers cooperatives and councils. The nature of the access may range from open access through to 
individual property rights in shares of the resource. 

Data are needed on the institutions and procedures (both formal and informal) for fisheries 
management, links between local and national management, and types and extent of local 
involvement (Table 31). For example, some measure is needed of the strength of involvement by local 
institutions (e.g. cooperatives, tribal councils or fishers associations) in resource management, or in 
dealing with the market and negotiating with other stakeholders. Similarly, assessments may be 
required of the role of customary local management regimes in determining management plans, what 
local self-monitoring organizations exist, and the degree to which fishers’ biological and ecological 
knowledge have been incorporated into scientific assessments. 

The full procedure for making management decisions should be documented. Decisions may be 
influenced, for example, by current legislation and ministers with different policy objectives, as well 
as by technical advice. In general, all organizations and people involved, and the stages at which they 
have input into the decision-making process, need to be recorded. It is also important to assess 
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logistical factors that may affect decision-making, such as the location of fisheries offices and the 
distance an average fisher has to travel to visit the office or attend meetings. Data sources are mainly 
from harvest and community sectors, as well as the government fisheries agency itself. 

TABLE 31 
Examples of nature of access variables 
Data type Variables 

Institutions controlling access Type; jurisdiction; location; nature of access granted 

Rules for membership Rules for each institution 

Conflicts and cooperation Relations between institutions; relations within institutions 

Incorporation of local knowledge Procedures for incorporation local beliefs; types of data incorporated 

3.6.4 Demographics and fishing patterns in the harvesting sector 
Fisher demographics and fishing pattern indicators can be used in assessing equity, dependence on 
fishing, and fisher responses to changes in the fishery. Data, such as household size, income, 
experience and sources of financing, suggest the extent of dependence on the resource (Table 32). 
Demographic data help to place fishers in relation to the rest of the population, and to indicate 
whether fishers could acquire non-fishing employment should that become necessary or desirable. 
With information on stock status and the nature of access, these indicators can assist managers in 
predicting future entry or exit and increases or decreases in effort in particular fisheries. Together with 
data on institutions and their membership rules, patterns of ownership or access can be tracked. This 
may be useful where management is particularly concerned with the viability of small-scale owner-
operators and the development of property rights. Fishers’ preferences for, or experience of, different 
kinds of fishing will influence their response to policies and regulations. 

3.6.4.1 Variables and sources 
Variables have to be measured separately for each fishery. Data are usually obtained from the harvest 
sector and fishing communities. 

TABLE 32 
Examples of fisher demographic and fishing pattern variables 
Data type Variables 

Fishing practices Fisheries engaged in by season, gear type, target species, fishing area 

Fishers demographic data Age; ethnicity; community of residence; years of fishing experience; crew status 

Vessel characteristics Length; gross tonnage; horsepower; on-board electronics 

Crew composition Number of crew; job descriptions; basis for crew selection; other job skills besides fishing 

Decision-making Crew selection; market choice; fishing behaviour; payment systems 

3.6.5 Demographics and employment patterns in the processing and marketing sectors 
Processing, marketing and support-industry demographics and employment patterns can be used as an 
additional measure of the community dependence on fisheries (Table 33). In conjunction with 
balance-of-trade indicators, the impacts of changes in domestic harvest on the processing sector at the 
community level can be assessed. Market characteristics also provide an indicator of potential market 
reactions to changes in the fishery. Critical variables concern the behaviour of intermediaries in the 
distribution chain between harvesting and consumption (excluding processing), as well as the 
economic contribution of the market sector. Of particular concern is the freedom with which markets 
operate. This depends upon how decisions are made regarding transactions. For example, transactions 
may be based on kin relationships or agreements providing credit to fishers, which may affect prices. 

3.6.5.1 Variables and sources 
Data sources include the harvest, processing and market sectors, as well as government agencies. 
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TABLE 33 
Examples of variables relating to processing, marketing and support-industry demographic and 
employment patterns  
Data type Variables 

Employment patterns Number of employees hired by season and job category 

Employee demographic data Age; ethnicity; community of residence; migrant or local resident 

Facility characteristics Market or plant location; products processed by volume and value 

Decision-making Employee hiring; choice of vessels to buy from; choice of other marketers or processors 
to sell to 

3.6.6 Community dependence 
Community dependence on fisheries is an indicator of economic and sociocultural connections and 
constraints in the fishery. It may include food security considerations. This indicator can be used with 
other operational and economic indicators to explain economic migration into and out of the fishery. 
Sociocultural dependence on fishing (i.e. the way fishing is incorporated in songs, festivals, etc.) gives 
some measure of its non-financial value to the community. 

As community dependence considers links between the components of a fishery, it is often complex 
and may require consideration of a wide number of variables (Table 34). For example, impacts on 
fishing, its dependent industries or infrastructure, may constrain development of the whole sector. 
Thus, if roads are poor or local distributors lack transport to take their catch to market, then other 
incentives for increasing catch will not translate into more food for other regions or more money to 
local communities. 

3.6.6.1 Variables and sources 

TABLE 34 
Examples of community-dependence variables 
Data type Variables 

Employment Number of community members engaged in fishing and related industries 

Fishery components Numbers of fishers, households dependent on fishing for food and/or income, boats, processing plants, 
wholesalers, retailers, and fishery-dependent industries (e.g. marinas, bait/tackle shops, chandlers, fuel 
suppliers); infrastructure components (e.g. transport, communications); government and non-
government institutions influencing the fishery 

Income and fish consumption Percentage dependence on fish for food; percentage dependence on fishing and fishing-related 
industries for income by household and fleet 

Historic and cultural capital Length of association of the community with fishing activities; festivals; statues; community 
organizations associated with fishing; other forms of fishing symbolism 

Cosmology Cultural requirements for particular fish products; taboos for closed areas, periods or species; other 
specific beliefs and/or taboos related to fishing in general or specific types of fishing 

 

It is particularly important to develop a good understanding of cultural and religious beliefs that may 
affect fishing behaviour. Certain days, seasons or moon phases may impose periods of rest, creating 
automatic closures. Holidays may involve the preparation of specific fish or other marine resources as 
a central item of a feast, thus creating strong market demand for those species at those times. Taboos 
may inhibit the local development of a particular fishery, despite high global market demand. 
Regulations that contradict or attempt to circumvent these local beliefs and practices are likely to meet 
with significant resistance. On the other hand, regulations that seek to build on and extend these 
practices are much more likely to be successful. It is critical, therefore, to research these beliefs and 
find those that have the potential to move the fishery in a desired direction. 

Government institutions specifically devoted to fishing should be documented, along with any other 
organizations that have an influence on the fishery. For example, there may be government credit 
associations that give loans for farming and fishing equipment. The town council or council of elders 
or other such body may have authority to open and close fallow agricultural areas and marine 
reserves. A local agency may require boat licences. Church or school groups may become the nexus 
for organizing lobbying activities related to fishery regulations, or they may be vital networks for 
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supporting wives of fishers who make long trips. Access to certain fisheries or gear may be governed 
by tribal affiliation or community membership.  

Data are usually obtained from fishing communities, fishers, fisheries agencies and relevant 
government agencies. 

3.6.7 Social status of fishing 
The social status of fishers and perceptions of fishing as an occupation influence the likelihood of 
entry into and exit from the fishery. It is usually coupled with vessel, fleet, and post-harvest facility 
profitability. 

3.6.7.1 Variables and sources 
Critical variables can be grouped as those tied to the level of financial remuneration available from 
the fishery and those tied to cultural values (Table 35). For the former, critical variables are fishing 
sector incomes and incomes from other sectors. For the latter, the important variables are more 
numerous. For example, the level of prestige associated with fishing as an occupation influences 
whether fisheries attract new employment. Fishers may believe their way of life retains core values 
and have strong views on how the fisheries management system affects their ability to continue in 
their way of life. The level of fisher household involvement in community institutions and 
organizations as opposed to fisher-dominated institutions and organizations (the degree to which 
fishers are embedded within the larger culture) gives an indication of how isolated the fishing 
community is. 

The views of the society as a whole regarding fishing are an important element to examine. Fishing 
may be considered the employment of last resort or traditionally involve activities or materials that are 
considered taboo or impure by many in the larger population. It may have suffered from global 
campaigns against overfishing, some of which depict fishers as pillagers of the ocean, or may be seen 
as a noble and courageous activity, pitting humans against nature in a fight to wrest food from the sea. 
The general image of fishers, coupled with the average wage from fishing versus other common jobs, 
will have a strong impact on efforts to either increase or decrease fishing activities. 

Data are usually obtained from fishers, fishing communities, government agencies, and fisheries 
agencies. 

TABLE 35 
Examples of fisher social status variables 
Data type Variables 

Financial remuneration Fishing sector incomes; other sector incomes; likelihood of fishers acquiring other sector jobs given their 
education and skills 

Cultural values Relative prestige of fishing versus other occupations; degree to which fishing retains a desired lifestyle (e.g. 
independence, risk); whether fishers would encourage their children into the fishing industry; whether young 
people seriously consider employment in fishing; institutions and organizations to which fishers belong 

3.7 EXERCISES  
 

 Indicate in the module what indicators are obtained from routine monitoring and what are 
obtained through ad hoc monitoring. 

 Make a list of variables/indictors collected in your country and the viability of the data 
collected. 
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4. MODULE 3: HOW TO COLLECT DATA – DATA COLLECTION STRATEGIES 
AND METHODS 

Objective of the module: To understand when to apply a full census approach or a sample-based 
approach and to know different data collection methods. 

4.1 INTRODUCTION 
Strategies for the design of data collection programmes will vary between fisheries. Within a State or 
region, there will almost always be a mixture of industrial, small-scale commercial, artisanal, 
subsistence and recreational fisheries. Each will have its own characteristics, its own relative 
importance and its own potential for the supply of data. In addition, some information must be 
obtained from external sources, such as international market data, or catch data from foreign fishing 
vessels that never visit state ports. Each fishery will require its own strategy with elements of 
complete enumeration and sampling. 

Over time, some aspects of a data collection strategy may move from complete enumeration to 
sampling (or vice versa), particularly as knowledge is developed and requirements or resources 
change. 

Sampling strategies are often punctuated by complete enumeration from time to time in order to re-
evaluate baseline data. It is not feasible to construct a perfect strategy for any one fishery or subsector 
that will meet all requirements for all time. Flexibility and the adoption of alternative approaches must 
form a key component of any strategy, whether it is designed for assessing fish stocks, evaluating 
markets or assessing community dependence on fisheries.  

In general, however, any data collection strategy will require the following steps:  

 Evaluate existing data sets in relation to the objectives of the programme, including 
accessibility of the data (i.e. computerized, on paper). 

 Describe the operating characteristics of the sector or subsector (e.g. fishery, market, fleet, 
community, institutional environment), also known as the census or frame survey. 

 Decide on the approach to be taken: complete enumeration or sampling, including cost–
benefit and cost-effectiveness analysis and an evaluation of operational considerations 
(institutional, financial and human resources). 

 Design methods according to the approach adopted, including the form of stratification to be 
used in sampling. 

 Implement a test phase to validate the method, including participation by other stakeholders. 
 Establish a continuing feedback mechanism between data sources and data users to ensure 

that data types, quantity, quality and origin are consistent with the requirements for 
determination of the performance indicator in question. 

4.2 HOW TO DECIDE – INFORMATION REQUIREMENTS FOR SYSTEM DESIGN 
Structural information is essential for constructing frames for a data collection programme. The first 
step is to define the waterbodies and areas that will be included, and to prepare a description of the 
fishing industry operating within them (ports and landing places, fishing fleets, fishers, markets and 
transportation routes, etc.). Such information serves to provide a detailed classification and 
description of the structure of the primary fishery sector, and is essential for establishing a proper 
collection scheme for all fishery data. Many of these institutional data are also required for 
sociocultural analyses. Essential infrastructure and personnel information required for this purpose 
include:  

 existing ports and landing places, their locations, patterns of distribution and accessibility;  
 numbers of fishing units and information on their composition such as gear, fishers, fishing 

craft, and their geographical distributions in relation to home ports and landing places;  
 fishing activity and landing patterns including their geographical, seasonal and diurnal 

distributions, and some information on the extent to which different units and vessels switch 
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between fisheries – in order to do this, some working definition of a fishery needs to be 
adopted (see below). 

 supply centres for capital goods, essential material and services (e.g. fishing gear and its 
components, fuel oil, engine parts, vessel repairs, navigation equipment, ice).  

 fish distribution routes, fish utilization, fish processing and marketing practices, fish trade, 
local consumption, number of processors and marketing units.  

 The description of the fisheries infrastructure and personnel in terms of its main units is 
sometimes called a frame survey. Where possible, the survey should draw upon information 
available from scattered sources, including vessel registers, harbour radio logs, ports, market 
sales, transport and other administrative records, fishing population censuses, maps, fishing 
charts and other information. 

4.3 COMPLETE ENUMERATION AND SAMPLING 

4.3.1 Definitions 
Data collection is the recording of one or more data variables (catch, value, fishing duration, etc.) 
from members of a population of “data units” (the population of fishing vessels, fishers, etc.). Two 
basic data collection approaches are possible: 

 by complete enumeration, where all members of the whole population are measured;  
 by sampling, where only a proportion of members of the whole population is measured. 

 

Fisheries data usually collected by complete enumeration include vessel registers and infrastructure 
data. Data sometimes collected by complete enumeration (large-scale fisheries) and sometimes by 
sample surveys (SSFs) include CPUE, fishing effort, price per kilogram and costs and earnings of 
fishing units.  

Data usually collected by the sample-based approach include species composition, biological data 
(e.g. size frequency data) and socio-economic data. 

4.3.2 Deciding between complete enumeration and sampling 
Both complete enumeration and sample-based approaches have as their objective the collection of 
data for a specified period, often over a calendar month, to determine some statistic of interest.  

A first practical question 

Lake Pisces; 300 ha, 2 landing sites, 15 canoes are operating on Lake Pisces. You have unlimited 
funds. 

How would you collect data on fisheries in Lake Pisces? 

For example, a total enumeration approach could be used to calculate the total catch where all 
landings were monitored.  

An example sample-based approach to estimate total catch would use the mean catch per fishing day 
from a landings sample, and the mean number of fishing days per vessel from a vessel sample. 
Multiplied together, they would give the mean catch per vessel. The total catch could then be obtained 
by multiplying this by the total number of vessels (a raising factor) obtained from a frame survey or 
vessel register.  

The applicability of either sampling or complete enumeration is determined by various criteria related 
to the type of data and to existing financial and human constraints. Most data collection methods can 
be utilized under either complete enumeration or sampling approaches.  
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For example, logbook catch and effort information may be monitored by means of a complete 
reporting of landings. Catch and effort data from small-scale and subsistence fisheries are generally 
sampled. Biological and sociocultural data are usually collected through a sample-based system, 
although demographic data are collected by complete enumeration.  

A second practical question 

Lake Victoria; 35 000 km2, 635 landing sites, 30 200 canoes are operating on Lake Victoria. You have 
limited staff and funds 

How would you collect data on fisheries in Lake Victoria? 

Very large populations, for example SSFs and fish stocks, can only be sampled. A complete 
enumeration-based survey is often preferred for certain types of data, solely because it is expected that 
it will provide complete statistical coverage over space and time. However, a well-designed sample-
based survey can often provide good estimates of important parameters at a fraction of the cost.  

Complete enumeration of some variables (e.g. through a frame survey) is always needed to obtain 
raising factors when totals of variables such as catch or effort are required. Which approach is used 
will depend on local circumstances.  

4.4 COMPLETE ENUMERATION APPROACHES 
Frame surveys and fishery censuses are a common category of data collection for which the complete 
enumeration approach is required. Structural data can also be obtained by including fisheries-related 
questions in surveys implemented by non-fisheries line agencies such as population census and 
agriculture household census. 

The surveys are designed to collect data necessary to describe the basic structure of the capture 
fishery production sector and activities directly dependent upon it, including infrastructure, 
employment, and community dependence. Such information is a prerequisite for conducting ongoing 
collection schemes using either complete enumeration or a sample survey approach. Complete 
enumeration may be preferred in cases where data sources can be legally obliged to report, thus 
reducing the cost of this approach. Complete enumeration may be required as a statutory obligation, 
often for regulatory purposes. Examples include fishing vessel registers, exports (for custom tariff 
purposes), variables related to catch quota management (e.g. using fishing logbooks), and variables 
related to fishing effort limitations (e.g. days at sea). 

Complete enumeration may also be preferred in cases where little effort is saved by sampling; such as 
if the data population is small or the variable to be measured cannot be time-sampled realistically. 
This might occur with small fishing fleets, where the CPUE is very erratic.  

An important consideration concerning the complete enumeration approach is the risk of negative bias 
owing to incomplete coverage. In practice, there is always a proportion of the population that is not 
captured by a data collection scheme intended to have complete coverage. The reasons for these 
information gaps are most commonly associated with operational difficulties. When the proportion of 
missing data is known to be relatively small, the results can be adjusted to reflect the actual situation. 
However, there are cases where a proportion of population is never captured by the system and the 
level of under-reporting is unknown, and so the census results contain a systematic negative bias that 
will be very difficult to correct.  

Another common source of bias occurs when the data collected are used for control of fisheries 
regulations (e.g. catch quotas). In this case, deliberate misreporting may occur to cover illegal fishing.  

Developments in data collection technologies, such as VMS, electronic logbooks and automatic 
logging of market information are providing an opportunity for complete enumeration in situations 
that before were ignored or could only be covered by sampling. 
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BOX 5 
Target and sample population 
 
The target population is the area in which you are trying to obtain information from.  

The sample population is a section of your target population that you are actually going to survey. It is 
important to have a sample that will represent your entire population in order to minimize biases.  

For example: 
 You want to know what the average height of people in a country is. 
 Your target population: All the people in the country. 
 Your sample population: 500 men selected randomly from each state of the country. 

If you could measure the height of all people in the country, you could calculate the population mean 
(true value), which is normally expressed as µ. 
However, normally the population mean is not known and we try to estimate this through sampling and 

calculation of the sample value, which is normally expressed as  
In statistical mathematics, you can see whether you are dealing with “the population”, then capitals are 

used or with the sample population then lower cases are used (see Box 7)

4.5 SAMPLE-BASED APPROACHES 
The basics of sample-based approaches can be summarized as: 

 Sampling is used if it is impossible, difficult or expensive to observe all the elements of a 
target population.  

 Sample surveys can operate on a selected subsets of the target population and, using a number 
of assumptions regarding the distribution of the population.  

 Sample-based surveys provide estimates of the parameters under study, as well as the sample 
error.  

 A well-designed sampling survey can often produce accurate and reliable estimates at a cost 
much lower than that of complete enumeration. 

 

However, with sampling, it is necessary to consider carefully how individuals are selected for 
measurement, whether it is selecting fish from a catch, vessels landing their catch from all those 
landing at a particular port, or fishers for interview.  

The sampling methods need to be based on sound statistical methods and fully documented. Random 
sampling and stratification are the two basic pillars for sample-based surveys. 

4.6 RANDOM SAMPLING 
One of the main issues is to reduce sample bias in estimates. Bias, in this case, is the tendency for 
sample estimates to centre on a value different from the true value as data accumulate. This can occur 
if, for example, data collectors tend to choose larger fish or vessels where the captains are easy to 
work with when sampling.  

The simplest theoretical way to avoid bias is to use random sampling. With random sampling, it is 
ensured that all individuals (fish, vessels, etc.) have an equal chance of being selected from the target 
population.  

In practice, this is often difficult to achieve, and a systematic sampling scheme (every third vessel, or 
tenth box of fish, etc.) is used, which guards against the worst forms of bias. However, it should be 
borne in mind that most analytical methods assume random sampling, and therefore the possible 
effects of other sampling methodologies need to be considered in interpreting results. 

4.7 STRATIFICATION IN DATA COLLECTION 
Stratification reduces the error in sample estimates by systematically removing as much as possible of 
the data variability through the sampling design. This is achieved by dividing the sample population 
into homogenous groups or strata. For example, industrial vessels would probably be treated as a 
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separate stratum to artisanal vessels; or within artisanal fisheries, the different gear types are 
considered as different strata. 

The major objective of stratification is to reduce the variability in the sampled data, which will 
improve the reliability of the collected data, reduce the number of samples needed, and consequently 
reduce the sampling cost. 

This is explained in Figure 2. If we sample an artisanal fleet that is using traps and gillnets as major 
gear types and do not differentiate for the two gear types, then we will obtain an average daily catch 
of about 17 kg with a catch range from 0 to 53 kg; while the real daily catches for traps and gillnets 
are 9 and 25 kg, respectively. The results would be improved if we sampled the gillnets and the traps 
separately, i.e. if we made two strata. 

FIGURE 2 
Example of large variation in collected data if two types of gears are sampled simultaneously 

 

There may also be clear logistical criteria supporting the choice of strata. There are two major types of 
stratification in a data collection programme: 

 Major strata: Subdivisions based on administrative, geographical or temporal criteria, which 
are imposed on the data collection programme for reporting purposes and are therefore not 
under the control of the survey designer. Conventionally, this type of subdivision is referred 
to as a major stratum. Major strata are for example: provinces of a country, the months of the 
year. Major strata may be based on any combination of such criteria, for example, 
administrative, regional and seasonal. Major strata are only used for administrative 
classification, and major substrata are added to classify for ecological reasons  

 Minor strata: Within a major stratum there are usually subdivisions based on criteria that are 
chosen by the designer for the sole purpose of increasing the accuracy of the derived 
estimates. These subdivisions are chosen in such way as to partition the population into 
homogeneous subsets. They are conventionally called minor strata. Examples of minor 
strata include fishing grounds, lunar versus dark periods, and small-scale versus semi-
industrial fisheries. Estimates of population parameters are always calculated at minor stratum 
level. Totals at major stratum level are simply aggregations of estimates and counts 
from the minor strata involved.  

 
Table 36 gives further examples of major and minor strata. 
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TABLE 36 
Examples of stratification for fisheries data collection 
Strata group Stratification 

Spatial Province of country or major city 
District (island, village) 

Home port (place of registration) 

Base port of fishing 

Community of residence 

Landing place 

Fishing ground 

Time Fishing season 

Basic period (week, month, year) 

Day/night 

Vessel group / gear group Fishing fleet 

Gear 

Vessel group (small-scale, semi-industrial, industrial, foreign) 

Fishery (métier/operational unit, defined by fleet, target species, gear) 

Landings Commercial species group (catch/effort, value) 

Ecological species group 

Commercial size group (catch/effort, value) 

People or households Demographic subgroups 

Vessel group 

Fishing community 

Economic sector (harvest, post-harvest, market, support) 

Status (captain, crew, vessel owner) 

Environment Habitats  

Season 

Physical oceanography / limnological criteria 

 

Stratification may sometimes be complicated by the need to reconcile two conflicting objectives: 

 to select strata with the maximum degree of homogeneity; 
 to minimize the number of strata (usually in view of operational constraints). 

 

However, by systematically varying the stratification in a pilot phase, the appropriate balance can 
often be found using a variety of methods, as illustrated in Box 6. 

BOX 6 
Examples of the use of stratification 

COMBINING TWO GEAR TYPES INTO ONE 
A boat/gear classification contains two different gear types (e.g. tangle nets of different mesh size), but repeated 
tests for species composition, average size of fish and catch per unit of effort (CPUE) have revealed that there 
are no statistically significant differences between the two types. It would thus seem reasonable to combine the 
two gear types into one, thereby simplifying data collection operations in frame and catch/effort surveys. 

REDUCTION OF SAMPLING EFFORT 
Fishing effort for line fishing is collected 16 times a month and the variation for the boat activity coefficient is 
only 3 percent (an indication of high homogeneity in the level of fishing activity). Using the collected samples 
and simulating a reduction in the sampling days using a computer, it has been found that the new variation is 
6 percent and the resulting estimates are close to the old ones. This suggests that data collection of fishing effort 
for this gear may be reduced from 16 to 8 days without seriously degrading the accuracy of estimates. 
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STRATIFICATION IN TIME 
For all boat/gear types of an inshore fishery, there have been consistent and highly significant differences in 
catch rates and species composition during the lunar and dark periods. This indicates that the reference period (a 
calendar month) should be further stratified in time (lunar period and dark period). 

STRATIFICATION IN SPACE 
A large homeport contains most of the boats for a trap fishery, and they all use a fishing ground that is 
inaccessible to other boats with traps. Catch rates are significantly different from the rest of the fleet that operate 
from other sites. This indicates that this particular homeport should become a minor stratum.. 

 

The cost of a sample-based approach is mainly a function of its statistical coverage or sample size. 
When the sample size increases, the survey cost also increases and the expected accuracy is higher. 
However, the increase in accuracy is not proportional to the sample size, but suffers from diminishing 
returns. For example, to obtain a sufficiently accurate size frequency distribution requires only a 
relatively small random sample of all the fish landed.  

4.8 DATA COLLECTION METHODS5 
The choice of collection method is influenced by the data collection strategy, the type of variable, the 
accuracy required, the collection point and the skill of the enumerator. The main data collection 
methods are: 

 Registration: registers and licences are particularly valuable for complete enumeration, but 
are limited to variables that change slowly, such as numbers of fishing vessels and their 
characteristics.  

 Questionnaires: forms that are completed and returned by respondents. An inexpensive 
method that is useful where literacy rates are high and respondents are cooperative.  

 Interviews: forms that are completed through an interview with the respondent. More 
expensive than questionnaires, but they are better for more complex questions, low literacy or 
less cooperation.  

 Direct observations: making direct measurements is the most accurate method for many 
variables, such as catch, but is often expensive. Many methods, such as observer programmes, 
are limited to industrial fisheries.  

 Reporting: the main alternative to making direct measurements is to require fishers and 
others to report their activities. Reporting requires literacy and cooperation, but can be backed 
up by a legal requirement and direct measurements. 

4.8.1 Variables, sources and methods 
The choice of the many methods for collecting fishery data will depend on the variables to be 
measured, the source and the resources available. In many cases, there is a natural way to collect 
particular variables. For example, relatively static variables, such as vessel length or engine size, are 
often best collected through a registration system. Highly dynamic variables, such as catch or effort, 
may often be best obtained through daily records, such as log sheets. For the same variable, the 
methods can be different depending on the type of fishery. For example, for a large-scale fishery, 
catch data would be best collected from logbooks, while in an SSF interviews and/or questionnaires 
would often be the best method. 

The sources (fishers, processors, etc.) are also an important factor for the choice and design of 
methods. Buyers, processors and other intermediaries are likely to keep their own sales records, which 
should be used as the basis of data forms. Small-scale fishers often do not keep any records, and data 
acquisition in this case would be restricted to one-to-one interviews, but the interview structure could 
be more flexible. 

Data collection should be conducted at intervals sufficiently frequent for the management purpose. 
For example, data for stock monitoring have to be collected constantly, while household data can be 

                                                      
5 From FAO (1999). 
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collected at much longer time intervals. In general, frequently collected data will probably have to 
rely on fishers or industry personnel providing the data. Less frequent data can use enumerators as the 
costs of collection are much lower. 

There are cases where fishery data collection programmes cannot be operated on a regular basis 
because of operational limits. These cases include small-scale fishing operations in many inland or 
remote marine areas, where fishing operations are spread over a large area with part-time fishers using 
a large array of fishing gear types and techniques, sometimes in many different habitats. Under these 
circumstances, a number of alternative approaches can be taken to assess the fisheries, including: 

 limited scope censuses or sample-based pilot surveys; 
 household surveys or surveys for fish consumption;  
 trade patterns;  
 logbook systems. 

 

All of these can be used for cross-checking landings data as well as providing production and 
sociocultural information. Many variables can be collected by more than one method and at different 
points from fishers to consumers. Where possible, data should be collected from several sources to 
cross-check for errors. For example, catch data collected through logbooks can be cross-checked 
against reported landings based on sales slips, data collected by interview at landing sites and even 
consumer or trade data. 

In almost all cases, many different variables can be collected simultaneously. For example, length 
frequency, species composition, average weight and first sale price can all be obtained when vessels 
land their catch. Collecting of data for different purposes reduces costs and thus due account should 
be made of this aspect when planning the data collection programme. There are strong links between 
types of data, where they can be obtained and the methods available for their collection. 

4.8.2 Registration 
A register is a depository of information on fishing vessels, companies, gear, licences or individual 
fishers. It can be used to obtain complete enumeration through a legal requirement. Registers are 
implemented where there is a need for accurate knowledge of the size and type of the fishing fleet and 
for closer monitoring of fishing activities to ensure compliance with fishery regulations. They may 
also incorporate information related to fiscal purposes (e.g. issuance or renewal of fishing licences). 
Although registers are usually implemented for purposes other than to collect data, they can be very 
useful in the design and implementation of a statistical system, provided that the data they contain are 
reliable, timely and complete  

4.8.3 Registration data types 
In most countries, vessels, especially commercial fishing vessels, and chartered or contract fishing 
vessels are registered with the fisheries authorities. Data on vessel type, size, gear type, country of 
origin, fish holding capacity, number of fishers and engine horsepower should be made available for 
the registry. Companies dealing with fisheries agencies are registered for various purposes. These 
companies may not only include fishing companies, but also other type of companies involved in 
processing and marketing fishery products. Data, such as the number of vessels, gear type and vessel 
size of registered fishing companies, should be recorded during such registration. Processing 
companies should provide basic data on the type of processing, type of raw material, capacity of 
processing, and even the source of material. Fishing vessels and fishing gear may often be required to 
hold a valid fishing licence. Unlike vessel registers, licences tend to be issued for access to specific 
fisheries for a set period. Because licences may have to be periodically renewed, they can be a useful 
way to update information on vessel and gear characteristics. 
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4.8.4 Registry design 
A registry must not only capture new records, but be able to indicate that a particular record is 
inactive (e.g. a company has ceased operations) or record changes in operations (e.g. a company's 
processing capacity has increased). If licences have to be renewed each year, data collected from 
licensing is particularly useful, as records are updated on an annual basis. Registry data also contain 
criteria for the classification of fishing units into strata. These classifications are usually based on 
assumptions and a priori knowledge regarding differences on catch rates, species composition and 
species. 

In general, vessel registers are complex systems requiring well-established administrative procedures 
supported by effective data communications, data storage and processing components. As such, they 
predominantly deal with only certain types and size of fishing units, most often belonging to industrial 
and semi-industrial fleets. Small-scale and subsistence fisheries involving large numbers of fishing 
units are often not part of a register system or, if registered, are not easily traced so as to allow 
validation or updating. 

4.8.5 Questionnaires 
In contrast with interviews, where an enumerator poses questions directly, questionnaires refer to 
forms filled in by respondents alone. Questionnaires can be handed out or sent by mail and later 
collected or returned by stamped addressed envelope. This method can be adopted for the entire 
population or sampled sectors. Questionnaires may be used to collect regular or infrequent routine 
data, and data for specialized studies. While the information in this section applies to questionnaires 
for all these uses, examples will concern only routine data, whether regular or infrequent. Some of the 
data often obtained through questionnaires include demographic characteristics, fishing practices, 
opinions of stakeholders on fisheries issues or management, general information on fishers and 
household food budgets. 

A questionnaire requires respondents to fill out the form themselves, and so requires a high level of 
literacy. Where multiple languages are common, questionnaires should be prepared using the major 
languages of the target group. Special care needs to be taken in these cases to ensure accurate 
translations. In order to maximize return rates, questionnaires should be designed to be as simple and 
clear as possible, with targeted sections and questions. Most importantly, questionnaires should also 
be as short as possible. If the questionnaire is being given to a sample population, then it may be 
preferable to prepare several smaller, more targeted questionnaires, each provided to a subsample. If 
the questionnaire is used for a complete enumeration, then special care needs to be taken to avoid 
overburdening the respondent. If, for example, several agencies require the same data, attempts should 
be made to coordinate its collection in order to avoid duplication. 

The information that can be obtained through questionnaires consists of almost any data variable. For 
example, catch or landing information can be collected through questionnaire from fishers, market 
intermediaries, market sellers and buyers, processors, etc. Similarly, socio-economic data can also be 
obtained through questionnaires from a variety of sources. However, in all cases, variables obtained 
are an opinion and not a direct measurement, and so may be subject to serious errors. Using direct 
observations or reporting systems for these sorts of data is more reliable. 

Questionnaires, as interviews, can contain either structured questions with blanks to be filled in, 
multiple-choice questions, or they can contain open-ended questions where respondents are 
encouraged to reply at length and choose their own focus to some extent. To facilitate filling out 
forms and data entry in a structured format, the form should ideally be machine-readable, or at least 
laid out with data fields clearly identifiable and responses pre-coded. In general, writing should be 
reduced to a minimum (e.g. tick boxes, multiple choices), preferably being limited to numerals. In an 
open-ended format, keywords and other structuring procedures should be imposed later to facilitate 
database entry and analysis, if necessary. 
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4.8.6 Interviews 
In interviews, information is obtained through enquiry and recorded by enumerators. Structured 
interviews are performed by using survey forms, whereas open interviews are notes taken while 
talking with respondents. The notes are subsequently structured (interpreted) for further analysis. 
Open-ended interviews, which need to be interpreted and analysed even during the interview, have to 
be carried out by well-trained observers and/or enumerators. As in preparing a questionnaire, it is 
important to pilot test forms designed for the interviews. The best attempt to clarify and focus by the 
designer cannot anticipate all possible respondent interpretations. A small-scale test prior to actual use 
for data collection will ensure better data and avoid wasting time and money. Although structured 
interviews can be used to obtain almost any information, as with questionnaires, information is based 
on personal opinion. Data on variables such as catch or effort are potentially subject to large errors, 
owing to poor estimates or intentional errors of sensitive information. 

4.8.6.1 Open-ended interviews 
Open-ended interviews cover a variety of data-gathering activities, including a number of social 
science research methods. Focus groups are small (5–15 individuals) and composed of representative 
members of a group whose beliefs, practices or opinions are sought. By asking initial questions and 
structuring the subsequent discussion, the facilitator/interviewer can obtain, for example, information 
on common gear-use practices, responses to management regulations or opinions about fishing. 

Panel surveys involve the random selection of a small number of representative individuals from a 
group, who agree to be available over an extended period – often 1–3 years. During that period, they 
serve as a stratified random sample of people from whom data can be elicited on a variety of topics. 

4.8.6.2 Structured interview 
Generally, structured interviews are conducted with a well-designed form already established. Forms 
are filled in by researchers, instead of respondents, and in that it differs from questionnaires. While 
this approach is more expensive, more complicated questions can be asked and data can be validated 
as they are collected, improving data quality. Interviews can be undertaken with a variety of data 
sources (fishers to consumers), and through alternative media, such as by telephone or in person. 
Structured interviews form the basis for much of the data collection in SSFs. In an interview approach 
for sample catch, effort and prices, the enumerators work according to a schedule of landing site visits 
to record data. Enumerators can be mobile (that is sites are visited on a rotational basis) or resident at 
a specific sampling site. Their job is to sample vessels, obtaining data on landings, effort and prices 
from all boat/gear types that are expected to operate during the sampling day. The sample should be 
as representative as possible of fleet activities. Some additional data related to fishing operations may 
be required for certain types of fishing units, such as beach seines or boats making multiple fishing 
trips in one day. For these, the interview may cover planned activities as well as activities already 
completed. In an interview approach for boat/gear activities, the enumerators work according to a 
schedule of homeport visits to record data on boat/gear activities. Enumerators can be mobile (that is 
homeports are visited on a rotational basis) or resident at a specific sampling site. In either case, their 
job is to determine the total number of fishing units (and if feasible, fishing gear) for all boat/gear 
types based at that homeport and the number of those that have been fishing during the sampling day. 

There are several ways of recording boat/gear activities. In many cases, they combine the interview 
method with direct observation. Direct observation can be used to identify inactive fishing units by 
observing those that are moored or beached – and the total number of vessels based at the homeport 
are already known, perhaps from a frame survey or register. Often, enumerators will still have to 
verify, by using interviews during the visit, that vessels are fishing as opposed to other activities. The 
pure interview approach can be used in those cases where a predetermined subset of the fishing units 
has been selected. The enumerator’s job is to trace all fishers on the list and, by means of 
interviewing, find out those that have been active during the sampling day. For sites involving a 
workable number of fishing units (e.g. not larger than 20), the interview may involve all fishing units. 
Sometimes it is possible to ask questions on fishing activity that refer to the previous day or even to 
two days earlier. This extra information increases the sample size significantly at little extra cost, 
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ultimately resulting in better estimates of total fishing effort. Experience has shown that most of the 
variability in boat/gear activity is in time rather than space. 

4.8.7 Direct observations 

4.8.7.1 Observers 
Observers can take direct measurements on fishing vessels, at landing sites, at processing plants, or at 
markets. The variables that enumerators can collect include: catch (landing and discards), effort, 
vessel/gear, operations, environmental variables (e.g. sea state, temperature), biological variables (e.g. 
length, weight, age), and the values and quantities of landings and sales. In practice, observers do not 
only take direct measurements (observations), but also conduct interviews and surveys using 
questionnaires. They might also be involved in data processing and analysis. The tasks of an observer 
are difficult and adequate training and supervision are therefore essential. Clear decisions need to be 
made on the nature and extent of data collected during any one trip. Often, the amount of data and 
frequency of collection can be established analytically with preliminary data. 

Preferably, observers should only collect data, not carry out other activities, such as enforcement, 
licensing or tax collection. This should help to minimize bias by reducing the incentives to lie. 
Problems in terms of conflict between data collection and law enforcement, for example, can be 
reduced by clear demarcation, separating activities by location or time. This becomes a necessity for 
at-sea observers. Their positions on fishing vessels and the tasks that they perform depend 
significantly on a good working relationship with the captain and crew, which can be lost if they are 
perceived as enforcement personnel. The major data obtained through at-sea observers are catch and 
effort data, which are often used for cross-checking fishing logs. At the same time, the at-sea 
observers can collect extra biological (fish size, maturity, and sex), bycatch and environmental data, 
as well as other information on the gear, fishing operations etc. Frequently, data on discards can only 
be collected by at-sea observers. The main data obtained from observers at landing sites, processing 
plants and markets include landing (amount, quality, value and price), biological (size, maturity), and 
effort (how many hauls, hours fishing) data. For a large-scale fishery where a logbook system is used, 
data collected at landing sites could be used to cross-check data recorded in logbooks.  

Data collected from processing plants include quantities by species and, especially in modern factory 
practices, the batch number of raw materials, which can sometimes be traced back to fishing vessels. 
If collected, these data can be used to validate landing data. Collecting data to estimate raising factors 
for converting landed processed fish weight to the whole weight equivalent may be necessary. By 
sampling fish before and after processing, conversion factors may be improved. Potential seasonal, 
life-history stage and other variations in body/gut weight ratios suggest date, species, sex and size 
should be recorded in samples. 

Economic and demographic data at each level (e.g. input and output of various products to and from 
market and processors) are usually obtained by interviews and questionnaires. However, the data 
directly collected by enumerators can also be a major source as well as supporting data for those 
collected through other methods. While product data in processing plants can be collected through 
questionnaires or interviews, enumerators can directly collect many physical variables (weight, 
number, size, etc.) more accurately. Automatic scales, through which a continuous stream of fish 
passes, can record the weight of fish mechanically or through computerized sensors. Similarly, 
mechanical or automatic weighing bins for whole frozen or defrosted fish, prior to entry to a 
processing line or cold store, can be used to record weights for each batch. Otherwise, boxes need to 
be counted and subsampled to ensure their fish contents are correctly identified and weighed. 

Fish is often landed in bulk together with non-fish materials (e.g. ice, brine slurry, packing material 
and pallets). It can be very difficult to estimate the total fish weight, let alone weight by species, 
product and size grade. Methods need to be established to record whether non-fish material is 
included in any weighing process (e.g. Are scales set to automatically subtract pallet weight?). In the 
case of processed fish in sealed boxes, it may be that sampling to determine an average weight, and 
then box or pallet counting, is sufficient. Alternatively, each box or pallet is weighed and a note taken 
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whether box and pallet weight should be subtracted at a later date when processing the data. Complete 
landings of all catch in relation to a vessel’s trip (i.e. emptying of holds) is preferred as records can 
then be matched against logsheets. However, in some circumstances, offloading in harbours, at the 
dock or at sea may only be partial, some being retained on board until the next off-loading. In this 
case, records should be maintained of both catch landed and retained on board. 

4.8.7.2 Inspectors 
Inspectors are a kind of enumerator involved in law enforcement and surveillance (for fishing 
regulations, sanitary inspections, labour control, etc.). They may work at sea on surveillance vessels, 
at landing sites on shore, at processing factories and at markets. In general, scientific data are better 
collected by enumerators who are not directly involved in law enforcement. Nevertheless, many 
variables collected by inspectors are very useful, and include landings, operational information, effort, 
landing price, processing procedure and values of product to the market and processors. Inspectors are 
also useful in collecting employment data. Inspectors may play an important role in verification. In 
many cases, reports can be physically checked with observations. For example, random samples of 
boxes can be taken to check box contents (species, product type and size grade) against box 
identification marks. Inspectors need to be skilled in such sampling strategies. As with 
enumerators/observers, inspector data should be treated with caution because of the high chance of 
sampling bias. This potential bias of data collected by law-enforcement officers should be considered 
in analyses. 

4.8.8 Scientific research 
Ecological research methods can be applied independent of commercial fishing operations to measure 
variables related to fish populations or the environment. Such research can be carried out by 
institutional research vessels or by industry or institutions using commercial fishing vessels. The 
objective is to obtain observations on biological (e.g. stock abundance or spatial distribution and fish 
size, maturity and spawning activities) and environmental (e.g. salinity and temperature) variables. It 
is important that this type of research is carried out periodically in order to obtain time sequential 
data. 

Similarly, sociocultural research methods can be used to obtain specific information useful to 
management. Although these methods may not often be considered routine, they provide important 
data and should be considered for infrequent data collection where possible. Key informants are 
individuals with specialized knowledge on a particular topic. They may include academic specialists, 
community leaders, or especially skilled fishers. Interviews are usually begun with a set of baseline 
questions, but the interviewer expects to elicit new and perhaps unexpected information by requesting 
that the key informant expand on his or her answers to these initial questions. This method is ideal for 
obtaining in-depth descriptive data on beliefs and practices, including historical practices. 

Participant observation is a technique whereby the researcher spends an extended period (from weeks 
to years, depending on the objective and the context) living with a target community, both observing 
their behaviour and participating in their practices. During this time, the researcher conducts formal 
and informal open-ended interviewing on a variety of topics. This is a good method for learning about 
the actual processes of decision-making, as opposed to the formal procedures. Cultural and 
institutional rules are rarely followed to the letter, and there are usually informal standards for an 
acceptable leeway. However, information on these standards can often only be obtained through 
participant observation. 

4.8.9 Data logging 
Automatic location communicators automatically log data through positioning and communications 
technology. They allow remote observation through recording of fishing activities at sea, and could 
replace logbooks and observers/inspectors on the bridges of fishing vessels. However, they will be 
deficient in one simple respect – entry of data on the catch remains the responsibility of the captain. 

Many data on fishing operations can be automatically recorded from bridge instrumentation. Data on 
position, speed, heading and deployment of gear through links to electronic instruments are likely to 



47 
 

 

become more common in future. Once gathered, such data may be automatically transmitted to 
databases through satellite or ground communications. The technology that combines vessel position 
and a catch assessment for management authorities through remote means is generally known as a 
vessel monitoring system (VMS). Confidentiality is the key to the widespread acceptance of VMS, as 
information on current fishing grounds, and therefore security of position information, is a major 
concern. However, vessel positions, activities and catch reporting through these systems directly to 
databases, and thence to reports that either aggregate data or remove vessel identifiers, are becoming 
possible. As it will be relatively simple to check remotely sensed position against recorded position, 
log-sheet records should become more representative of real vessel activities at sea. 

4.8.10 Reporting 
In most complete enumeration approaches, fisheries staff do not directly undertake data collection but 
use external data sources. Most commonly, these sources are data forms completed by the fishing 
companies themselves, intermediaries persons, market operators, processors and even trading 
companies and custom offices. Such methods are almost exclusively used for semi-industrial and 
industrial fisheries and institutions. Fishing companies are often a good source of information 
regarding basic data on catches and fishing effort. Regular submission of basic data is a part of the 
fishing licensing process. Data submitted by companies are often in the form of logbooks or landings 
declarations. Logbooks should contain detailed information on individual fishing operations, 
including fishing grounds, type and duration of operation, catch by species and other types of data 
relating to weather and sea conditions. Landings declarations usually deal with grouped data 
presented as summaries of fishing trips and catch by species. 

The advantage of using reports is that data are compiled by agents other than fisheries staff and 
sometimes can be made available in preprocessed computerized format directly from the company’s 
records, thereby reducing administration costs. Confidentiality of information (such as fishing 
grounds and catch rates) should be part of the agreement for data submission, and statistical outputs of 
the survey should not contain information related to individual fishing vessels or companies. 
However, there are also risks of under-reporting or of deliberate distortion of data, especially fishing 
ground, catch and revenue-related information. 

4.8.11 Harvest 
The collection of data from all vessels within a fishery sector is sometimes needed, usually from 
large-scale fisheries. Normally, each vessel will be required to record its catch and effort data for 
every trip in a specially designed logbook. Because it is a painstaking task, usually only essential data 
are required. For various reasons, the data collected by this method could be inaccurate and, thus, 
validation from time to time by inspectors is important. 

4.8.12 Post-harvest 
Data from post-harvest operations are often used for obtaining information on landings, biology, 
markets, costs and earnings. Where log sheets, landings records and market reports are not available, 
reliable information can often only be obtained from processing factories. Reports by the processors 
generally include quantities and value of fish received and the resulting products. Additional 
information may include the origin of catch (fishing and transport vessels) and size categories of fish. 
Monitoring off-loading catch in processed or whole round form requires considerable attention to 
detail, and much depends on the relationship between the fishery authority and vessel captains or 
companies. It may be that sufficient trust has developed to allow vessel or company off-loading 
records to be used directly, perhaps with random spot checks. In some circumstances, off-loading may 
proceed directly to a processing factory or cold store (particularly by conveyor of bulk fish such as 
small pelagics, tuna, etc.). Detailed landings can still be recorded as long as each batch is marked with 
its source (vessel name and trip identifier). Most factories will maintain records of fish (by species, 
product type and size grade) that enter processing directly or cold store. They will also maintain 
information on their output and sales, including destination and price, although such data may be 
much more difficult or impossible to obtain unless legally required. Data forms will need to be 
customized to the type of processing and the factory management system. 
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4.8.13 Sale 
Market transaction records may form a feasible way of collecting landings with complete 
enumeration, particularly in large fleets of small-scale vessels that land in central locations. All 
invoices, sales slips or sales tallies should be designed with care as to content, style and availability to 
ensure completeness of coverage. Given the potential volume of paper work, simplicity and brevity 
will often be the most important criteria. 

The primary identifier on records should be the name of the vessel (including all carrier vessels 
unloading from more distant fleets) that sold the catch, and the date or trip number, as vessels may 
make more than one sale from one landing. Total weight by species or commercial group, and price 
should be collected. Ideally, further data should be obtained on fishing ground and level of fishing 
effort, although often this is not possible. In similar fashion to log sheets and landings sheets, sales 
records should be prepared in appropriately identified forms in multiple copies as required. Copies are 
likely to be required for the market administration (if necessary), the seller, the buyer and the fishery 
authority. General sales records, such as volume of sales and prices by product type, provide useful 
information for bioeconomic analyses and a source of data on catch and landings when all other 
avenues for data collection are unavailable. Three information sources on general sales are usually 
available: market, processing factory and export data. However, these data must always be treated 
with care. The further away the data sources are from the primary source, the more errors will be 
introduced, and the more details (e.g. fishing ground, fishing effort) will be lost. 

In addition to these, direct surveys of fishing companies may provide vital details upon which overall 
fisheries management and administration can be based. Annual fisheries statistical surveys can be 
voluntary or compulsory. If voluntary, responses will depend on the level of cooperation between the 
private sector and the authorities. If compulsory, legislation is required and can be drafted in various 
forms, such as companies or statistics acts. 

4.8.14 Trade 
Trade data refers to information from customs or similar sources on trade. These data are used in 
socio-economic indicators and, in some exceptional cases, support landings data. Information on 
exports and imports is published in most countries. It is particularly important where export or import 
taxes are payable, or export incentives given. Export and import data are of limited use in estimating 
the total production of fish unless there are also means to establish the proportion of catch that is used 
in domestic consumption. However, in some particular cases, the trade data are the main source for 
estimating landings (e.g. shark, tunas). If trade data are used for validating or estimating landings, the 
quantities will usually need converting to whole weight. The lack of detail in export data can be a 
problem simply because of the form in which they are collected. Export categories recorded by the 
authorities (not usually in cooperation with fishery authorities) can mask much of the information 
required. Canned fish, frozen fish, fresh fish, dried fish and fishmeal may be the only relevant 
categories for export authorities. Together with accurate raising factors, these data can be used for 
total fish production. This method of estimation is fairly accurate when there is a small local market. 
However, unless they are broken down by species and linked back directly to sources of data closer to 
the harvest sector, they provide little value for fishery management purposes. 

4.9 EXERCISES  
Discuss in plenary: 

 What kind of full enumeration and sampling schemes operate in your countries? 
 What are the advantages and disadvantages? 
 What are the constraints/problems with random sampling of canoes? 
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4.10 EXAMPLE OF TOTAL ENUMERATION AND SAMPLE-BASED APPROACH6 
The concepts of total enumeration (sometimes referred to as census) and sample-based estimation 
can be explained by a hypothetical example, where a “population” of six vessels is landing at a 
particular location. 

Notice that the word “population” is used for the set of units from which data are collected. Thus, 
“population” is a general term that may refer to “a set of landing places”, “a set of fishing trips”, “a 
set of landings”, etc. In the present example, it is assumed that the population consists of six “similar 
vessels”, both with respect to vessel dimensions and fishing techniques. Thus, the average landings 
are the same for all six vessels. 

The landings are in units of “boxes”, and the task is to determine the total number of boxes landed on 
a particular day at a particular landing place. 

“Total enumeration” means that all six vessels are inspected and all the boxes recorded. Alternatively, 
all the skippers may have filled in logbooks recording the number of boxes, which subsequently are 
made available to the data collectors. The result of total enumeration will be a total landing of 
19 boxes (Figure 3 and Table 37). 

In the sample-based estimation, only a subset of the vessels is inspected (owing to limited resources 
for data collection). In this case, only vessels Nos. 3 and 4 are inspected and the total number of boxes 
counted for the two vessels is six boxes. 

TABLE 37 
Illustration of the concepts of “total enumeration” and “sample-based estimation” 
Vessel no. Boxes landed Sampled boxes 

1 3   

2 4   

3 3 3 

4 3 3 

5 4   

6 2   

Total 19 6 

Raising factor = 6/2 = 3.0 

Sample-based estimate of total 3 × 6= 18 boxes 

Complete enumeration: 19 boxes 

 
  

                                                      
6 From Sparre, 2000. 
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FIGURE 3 
Illustration of the concepts of “total enumeration” and “sample-based estimation”. 

 
Note: Sampling results in only vessels 3 and 4 being inspected, whereas total enumeration means all vessels are inspected. 

 

The six observed boxes are then “raised” to a total by application of the “raising factor”: 

Raising factor = (Total number of vessels)/(Number of sampled vessels) = 6/2 = 3.0 

The estimated total number of boxes then becomes 3 × 6 = 18. In this hypothetical case, total 
enumeration gave the correct number of boxes, whereas the sample approach underestimated the total. 
In reality, complete enumeration may also give inaccurate results. For example, if some vessels 
transfer boxes to other vessels at sea so they are not reported, “complete enumeration” would 
underestimate the total landings. However, unlike sampling, complete enumeration is unlikely to 
overestimate the catch. 

  



51 
 

 

5. MODULE 4: REFRESHER ON BIOSTATISTICS 

Objective of the module: To understand the mathematical basics of: (i) sampling theory; 
(ii) stratification; and (iii) data quality. 

5.1 INTRODUCTION 
As all of you are already engaged in fisheries data collection, it is assumed that you know the basics. 
However, we have learned over time that a good understanding of the mathematics behind fisheries 
data collection is essential. Therefore, this module presents the basics needed to design and implement 
sample-based surveys and analyse collected data are presented. This aim is to refresh your knowledge 
and to provide the basis for the further modules of this training course. 

5.2 BASIC STATISTICAL TERMS 

5.2.1 Target and sample population 
As discussed in Module 3, it is of the utmost importance that we know the difference between the 
“target population” and the “sample population” (Box 7). 

A target population is defined as the entire set of items studied, e.g. all industrial vessels, or all 
artisanal canoes, or all canoes operating gillnet, or all processors. Typically, the target population is 
very large, making a census or a complete enumeration of all the values in the target population 
impractical or impossible. In order to know the characteristics of the target population (daily catch, 
species composition, income, fishing effort), we take samples of the target population. 

The sample population represents a subset of manageable size. Samples are collected and statistics 
are calculated from the samples so that one can make extrapolations from the sample population to the 
target population.  

The process is visualized in Figure 4. In the first example, the target population consists of 
81 artisanal vessels, and the sample population are the 7 vessels sampled. In the second example, the 
target population consists of 52 industrial vessels and the sample population are the 6 vessels 
sampled. 

BOX 7 
Denoting mathematics of target and sample population 
Upper case letters are always used to denote the parameters of the target population. 

For example, the mean of a certain characteristic Y of the target population will be:	 
∑

 

As the number of elements (N) in the target population is large, this “true population mean” is not 
known. 

We try to estimate this mean by sampling, and if sampling is carried out correctly, the “sample 
mean” will be close to the “true population mean”. 

Lower case letters are always used to denote the parameters of the sample population. 
For example, the mean of a certain characteristic y of the sample population will be: 

∑
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FIGURE 4 
Two examples of target and sample populations 

 

5.2.2 Variables and indicators 
A variable is a characteristic with non-constant values that is collected in the field. It can be daily 
catch per vessel, daily catch by gear, monthly income, species composition, value of the catch, etc. 

An indicator is a characteristic with a non-constant value that is used to measure/follow the 
performance of the objectives of fisheries management and policy implementation. Indicators can be: 

 variables directly measured in the field, daily catch, fishing effort, income, species 
composition, etc. 

 a combination of variables collected (e.g. the indicators are calculated), fisheries contribution to 
GDP, spawning stock biomass per recruit, fishing mortality, CPUE, exploitation rate. 

5.2.3 Statistics 
Values calculated from sample data are called “statistics”. The statistics of location describe the 
central position of the values of a characteristic, while the statistics of dispersion give an idea of the 
dispersion of the values in the sample.  

Examples of statistics of location are the arithmetic mean (commonly called mean or average), 
geometric mean, harmonic mean, quadratic mean, the median and the mode. The range, variance, 
standard deviation and coefficient of variation are examples of statistics of dispersion. 
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5.2.4 Averages and means 
Means are mathematical formulations used to characterize the central tendency of a set of numbers. 
“Average” is probably something most of us have been familiar with from a very early age when we 
started analysing our marks on report cards. We add together all of our test results and then divide it 
by the sum of the total number of marks there are. We often call it the average. However, statistically, 
it is the arithmetic mean! 

The arithmetic mean for a data set of size n for a quantitative variable is defined as the sum of all 
elements of the data set, divided by n. 

∑
	

The geometric mean is an average calculated by multiplying a set of numbers and taking the nth 
root, where n is the number of numbers.  

The geometric mean of a data set [y1, y2, ..., yn] is given by: 

	 …  

Remember that the capital pi symbol (Π) means to multiply a series of numbers. That definition says 
to multiply n numbers and then take the nth root. The geometric mean only works with positive 
numbers. 

The geometric mean is often used to evaluate data covering several orders of magnitude (as it tends to 
dampen the effect of very high or low values), and sometimes for evaluating ratios, percentage 
changes, or other data sets bounded by zero.  

Median. When you want to write something about “the average fisher” or “the average fishing 
household” you cannot use the mean. You need a statistic that tells people something about the fisher 
or the fishing household in the middle, and for this we can use the median. The median is literally the 
value in the middle of the range of values. Just line up the values in your set of data, from largest to 
smallest. The one in the centre is your median, it can be described as the numeric value separating the 
higher half of a sample. The median of a finite list of numbers can be found by arranging all the 
observations from lowest value to highest value and picking the middle one. If there is an even 
number of observations, then there is no single middle value; the median is then usually defined to be 
the mean of the two middle values. 

The median of some variable y is denoted as . 

For an SSF, here are the annual incomes of nine boat owners: 

USD9 000 
USD6 000 
USD6 000 
USD5 000 
USD5 000 
USD5 000 
USD5 000 
USD3 000 
USD3 000 

As there are nine boat owners, so the one halfway down the list, the fifth value, is USD5 000. That is 
the median. 
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Quartiles. Closely related to the median are the quartiles. A quartile is any of the three values that 
divide the sorted data set into four equal parts, so that each part represents one-fourth of the sampled 
population (Figure 5). 

First quartile (designated Q1) = lower quartile = cuts off lowest 25 percent of data = 25th 
percentile. 

Second quartile (designated Q2) = median= cuts data set in half = 50th percentile. 

Third quartile (designated Q3) = upper quartile = cuts off highest 25 percent of data, or lowest 
75 percent = 75th percentile. 

FIGURE 5 
Quartiles of a distribution 

 

The harmonic mean. Typically, the harmonic mean is most appropriate for situations where the 
average of rates, such as speed, is desired. 

The harmonic mean: n/(1/y1+1/y2+1/y3+1/y4+.......+1/yn): 

	 	
∑ 1  

5.2.5 Dispersion and variability 
Below we have the results of five samples of the daily catch of gillnets and traps: 

Sample 
scheme 

y1 y2 y3 y4 y5 mean 

Gillnets 12 15 19 13 11 14 

Traps 8 15 22 7 18 14 

 
The mean daily catch for both types of gear is 14 kg. Now, we have to ask: 

 Does the mean represent the data points? 
 Are the data points well clustered around the mean? 
 How spread out are the data? 

 
We have to look at the dispersion or variability in the sample data. The data are presented in Figure 6, 
and it is clear that the samples of traps are more spread out, they have a higher variability. 
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FIGURE 6 
Daily catch of gillnets and traps 

 

We can quantify this variability through the calculation of the variance, which looks at how far each 
data point is located from the mean value. Table 38 presents an example. 

First, we subtract the mean from the sample value (yi – ȳ). In some cases, the value is negative; 
therefore, in a second step, we calculate the square of this value ([yi – ȳ]2). If we take for each gear 
the sum of these values, which is called the sum of squares (ss), then we see that for gillnets we 
obtained an ss of 40 and for traps an ss of 166. This quantifies that the sampled data for traps is more 
spread out, the data are farther away from the mean value. 

TABLE 38 
Calculating the variance of a sample 
Samples Gillnet Traps 

yi mean (ȳ) yi – ȳ (yi –ȳ)2 yi mean (ȳ) yi – ȳ (yi – ȳ)2 

1 12 14 –2 4 8 14 –6 36 

2 15 14 1 1 15 14 1 1 

3 19 14 5 25 22 14 8 64 

4 13 14 –1 1 7 14 –7 49 

5 11 14 –3 9 18 14 4 16 

Sum of squares    40    166 

 

If we divide the sum of squares by the number of samples minus 1 (n-1, the degrees of freedom), then 
we calculate what is called the variance: 

Variance = s2 = 
∑ 	

 

From this statistic, a number of other statistics of dispersion are derived: 

Standard deviation = s =square root of the sample variance = √   

Coefficient of variation = cv = standard deviation divided by the mean =  

Standard error of the mean = sem = 
√
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The coefficient of variation is the most useful for comparing data sets with different sample means as 
it links the sample mean and the sample variance. A coefficient of variation of 0.1 indicates that the 
values of sample data deviate about 10 percent around the sample mean. 

The calculations above are for infinite target populations (very large populations). For small target 

populations, we have to make a correction with  where N = size target population and n = 

sample size. Thus, for small target populations: 

Variance = s2 =  
∑ 	  

Standard deviation = s =  √   

The reality of sampling SSFs is that the “finite population correction factor” often approaches 1, this 
as the target population in relation to the sample sizes is large. 

5.3 THE NORMAL DISTRIBUTION 
Whenever we have a set of points, we might want to describe them with an equation. This provides a 
formal description or model. The normal distribution is one of the most important distributions used 
in statistics (Figure 7). 

FIGURE 7 
Sampling and the Normal distribution 

 

The normal distribution is “bell shaped”, and in the equation there are two parameters that determine 
that shape: the mean; and the standard deviation.  

It is a distribution of a continuous variable x, characterized by the following density function: 

1

√2 2
 

Where the parameters µ and σ2 are the population mean and the population variance. The density 
function is symmetrical relative to the vertical ordinate passing through the population mean µ. 
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The influence of the two parameters on the shape of the normal distribution is visualized in Figure 8. 
With equal means and a high variance, the base of the distribution becomes larger, the data points are 
more spread out. With equal variance and changing means, the shape of the curve does not differ, 
only the location of the mean moves along the x-axis. 

FIGURE 8 
Some normal distributions 

 

The normal distribution has the special characteristic that about 68 percent of values drawn from a 
normal distribution are within one standard deviation σ > 0 away from the mean μ; about 95 percent 
of the values are within two standard deviations, and about 99.7 percent lie within three standard 
deviations. This is known as the 68–95–99.7 rule, or the empirical rule, or the 3-sigma rule (Figure 9).  

FIGURE 9 
Distributions within the normal distribution 

 

5.4 CONFIDENCE LIMITS  
Normally, we do not know the target population mean and the target population variance. We take 
samples from the target population and calculate the sample mean and the sample variance. The main 
question is always how close is the estimated sample mean to the target population mean, e.g. how 
representative is our sample mean. 

One of the most important questions when setting up a sampling programme is: “How many samples 
should be collected?” The more samples that are collected, the more probable it is that the estimated 
value of the variable is close to the “true population value”. This is true if the estimates are unbiased 
and samples are taken at random. An estimate is said to be “unbiased” if replicate estimates deviate 
from the true population value in a random manner only. The “true population value” is the parameter 
value we would obtain by measuring the catches from all vessels. An estimate is “biased” if it 
deviates from the true value in a systematic manner. With an unbiased estimate, we can approach the 
true value as closely as we want by increasing the sample size. 

In statistics, a confidence interval is used to indicate the reliability of an estimate. How likely the 
interval is to contain the parameter is determined by the confidence level (90, 95 or 99 percent). 
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The precision of the estimates is expressed by the “confidence limits” of the “estimated sample 
mean”. In statistics manuals, the confidence limits are often indicated as: 

 90 percent confidence limit = 1.64
√

 or 1.64 × Standard error of the mean 

 95 percent confidence limit = 1.96
√

 or 1.96 × Standard error of the mean 

 90 percent confidence limit = 2.58
√

 or 2.58 × Standard error of the mean 

This is in line with the 3-sigma rule of the normal distribution discussed in the paragraph above. 
However, in fisheries data collection, we often deal with small sample sizes that are not completely 
normally distributed (Box 8) and therefore the confidence limits are calculated by making use of the t-
distribution. 

Confidence limits = 
√

  

Whereby: 

s = standard deviation of the sample; 

tn-1 = is the upper critical value of the t-distribution with n – 1 degrees of freedom or the t fractiles 
from t-distribution tables at confidence levels of 90, 95 or 99 percent (Table 39); 

n = number of samples taken; 

√
 is also called the standard error of the mean (sem) and we could write:  

Confidence limits = ∗ sem 

The 95 percent upper and lower confidence limits mean that we are 95 percent sure that the true target 
population mean lies somewhere between the upper and lower limits, within the confidence interval;7 
For example, the true mean deviates around the estimated mean. Increasing the sample size decreases 
the confidence interval as the value of the t-fractiles decreases (Figure 10), and increasing the desired 
confidence level (90 percent – > 95 percent – >99 percent) will widen the confidence interval as the 
value of the t-fractile increases. 

  

                                                      
7 More correct: The confidence coefficient is the proportion of samples of a given size that may be expected to contain the 
true mean. That is, for a 95 percent confidence interval, if many samples are collected and the confidence interval computed, 
in the long run about 95 percent of these intervals would contain the true mean. 
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FIGURE 10 
Example of sample sizes, confidence limits and estimated means 

 

BOX 8 
Normal distribution and t-distribution 
When the sample size is large, say 100 or above, the t-distribution is very similar to the standard normal 
distribution, as with increasing sample sizes tn-1 approaches the value of 1.96. However, with smaller sample 
sizes, the t-distribution is leptokurtic, which means it has relatively more scores in its tails than does the normal 
distribution. As a result, you have to extend farther from the mean to contain a given proportion of the area.  

Recall that, with a normal distribution, 95 percent of the distribution is within 1.96 standard deviations of 
the mean. Using the t-distribution, if you have a sample size of only 5, 95 percent of the area is within 
2.78 standard deviations of the mean (from t-distribution fractile table). Therefore, the standard error of the 
mean (sem) would be multiplied by 2.78 rather than 1.96 in order to obtain the confidence limits. With 
increasing sample sizes, tn-1 approaches the value of 1.96. 
 

TABLE 39 
Fractiles of the t-distribution (Student’s distribution) 
No. of 
samples 

Degrees of 
freedom 

90% tf 95% tf 99% tf No. of samples Degrees of 
freedom 

90% tf 95% tf 99% tf 

2 1 6.31 12.71 63.66 16 15 1.75 2.13 2.95 

3 2 2.92 4.30 9.93 17 16 1.75 2.12 2.92 

4 3 2.35 3.18 5.84 18 17 1.74 2.11 2.90 

5 4 2.13 2.78 4.60 19 18 1.73 2.10 2.88 

6 5 2.02 2.57 4.03 20 19 1.73 2.09 2.86 

7 6 1.94 2.45 3.71 26 25 1.71 2.06 2.79 

8 7 1.90 2.37 3.50 31 30 1.70 2.04 2.75 

9 8 1.86 2.31 3.36 41 40 1.68 2.02 2.70 

10 9 1.83 2.26 3.25 51 50 1.67 2.01 2.68 

11 10 1.81 2.23 3.17 61 60 1.67 2.00 2.66 

12 11 1.80 2.20 3.11 81 80 1.67 1.99 2.64 

13 12 1.78 2.18 3.06 101 100 1.66 1.98 2.63 

14 13 1.77 2.16 3.01 oo oo 1.65 1.96 2.58 
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In Microsoft Excel, the value of the t-fractile can be estimated with the function TINV, which returns 
the t-value of the Student's t-distribution as a function of the probability and the degrees of freedom. 

The t-fractiles for 30 samples at a probability level of 95 percent is calculated as TINV(0.05,29) = 
2.04523. 

The t-fractiles for 30 samples at a probability level of 90 percent is calculated as TINV(0.1,29) = 
1.699127. 

5.5 PRECISION AND ACCURACY 

5.5.1 Relative error 
The confidence limits are expressed in absolute values. Dividing the confidence limit by the sample 
mean gives the maximum relative error, which is expressed as a percentage of the mean. 

This parameter is used to establish correct sample sizes. 

Maximum relative error8 (percentage) ε =  = 
√ 	

	 

Figure 11 gives an example of how the maximum relative error decreases with increasing sample size. 
We see again that the true population mean deviates around the estimated sample mean and stays 
within the confidence intervals. A maximum relative error of 10 percent calculated with a 95 percent 
confidence limit, indicates that we are 95 percent sure that the true mean deviates no more than 
10 percent from the value of estimated mean. The maximum relative error decreases from about 
80 percent at low sample sizes to 10–15 percent at more than 10 samples.  

FIGURE 11 
Example of sample size and relative error 

 

 

                                                      
8 For infinite or large populations. 
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The decrease in the maximum relative error is very sharp at small sample sizes, but at a certain point 
not much is gained by increasing the sample sizes further and it becomes too costly to improve the 
precision. This cut-off point is determined by the variance/standard deviation of the estimated 
parameter (Figure 12).  

Recall again that tn-1 approaches 1.96 at large sample sizes, and then the relative error of your 
sampling is mainly determined by the variance in the target population. This is further discussed in 
Module 5. 

FIGURE 12 
Relative error and increasing sample sizes 

 

 

The relative error and confidence limits are an indication of the precision of your estimates and give a 
range with a selected confidence level, assuming unbiased and random sampling. 

FIGURE 13 
Precision and accuracy of biased and non-biased samples 

 

However, precision is not the same as accuracy. Accuracy is an absolute measurement of how far the 
true value deviates from the estimated mean (Figures 13 and 14). In other words, if you have biased 
samples, your estimated value can be very precise if you have taken enough samples. However, the 
estimated value can be highly inaccurate as, owing to the bias, it is far from the true population mean. 
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FIGURE 14 
Accuracy and precision 

 

5.6 EXERCISES  
 

 Do the exercise “Module 4 Exercise 1 Calculating averages” in MsExcel 
 Do the exercise “Module 4 Exercise 2 Calculating dispersion” in MsExcel 
 Do the exercise “Module 4 Exercise 3 Changing mean and std” in MsExcel 
 Do the exercise “Module 4 Exercise 4 relative error” in MsExcel 
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6. MODULE 5: SAMPLING DESIGN 

Objective of the module: To understand the mathematical design theory of sample-based surveys. 

6.1 INTRODUCTION 
Fishery statistics are the primary means to measure the performance of a fishery within the social, 
economic, biological and environmental framework in which it is conducted. The collection of fishery 
data is based on a relatively small group of concepts and approaches, including most importantly the 
quantities harvested (catch), the related type and duration of fishing operations (fishing effort), the 
economic costs and returns of fishing, and the distribution of these in time and space.  

Forty-five percent (48 million tonnes) of the global captured fish production comes from SSFs, of 
which 85 percent (41 million tonnes) is caught in developing countries. Catches of and employment in 
SSFs (marine and inland) tend to be greatly under-reported. The major reasons for this under-
reporting are: 

 the dispersed characteristics of SSFs; 
 the lack of institutional capacity in many developing countries; 
 the data collection approaches, originating from developed countries and difficult to apply in 

the multispecies multigear environment of SSFs.  
 

Small-scale fisheries cannot be monitored by using a full enumeration approach, they can only be 
covered through sample-based surveys. Sample-based fishery surveys are costly and entail field and 
office personnel costs, field operations costs and other overhead and maintenance costs relating to 
office infrastructure and operations. In many developing countries, these total costs may constitute a 
major constraint on the effective development of fishery statistics. However, cost-effective sample-
based fishery surveys can be achieved when:  

 they are economical in data collection effort and produce reliable estimates;  

 existing human and financial resources involved in data collection and processing are used 
efficiently; 

 they respond to the needs of users (planners, managers, scientists) in a timely and reliable 
manner. 

Sustainability of sample-based surveys should be a major point of attention during their design. 
Sample‐based	surveys	can	be	sustainable	if: 

 their	design	is	robust	enough	to	permit	continuity	when	changes	occur	to	the	fisheries	
being	statistically	monitored;		

 training	 of	 field	 and	office	 staff	 is	 appropriate	 and	 regular	 so	 that	 data	 collection	 and	
processing/analysis	are	safeguarded	against	staff	changes	and	turnover;	

 they	have	minimal	or	no	dependence	on	external	technical	assistance.	
 

However, in order to obtain reliable data from sustainable and cost-effective sample-based surveys, it 
is important to understand some fundamental aspects of sample-based surveys, such as stratification, 
sampling procedures, bias and sampling errors. 

6.2 SAMPLING 

6.2.1 Random sampling 
Although Modules 3 and 4 have already discussed random sampling, bias, precision and accuracy, we 
summarize the major issues again in the following subsections. 
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Random sampling is one of the two pillars of the statistics of sample-based surveys. Random 
sampling means that all individuals of the target population (fish, vessels, etc.) have an equal 
chance of being sampled. 

6.2.1.1 Bias 
One of the main issues is to reduce sample bias in estimates. In this case, bias is the tendency for 
sample estimates to centre on a value different from the true value as data accumulate. This can occur 
if, for example, data collectors tend to choose larger fish or vessels where the captains are easy to 
work with when sampling.  

This situation is depicted in Figure 15. In the example, the enumerators have a slight preference to 
sample the catch of the richer canoe owners, as it is their experience that it is easier to work with 
them. However, the richer canoe owners have slightly better and larger gear, resulting in a slightly 
higher daily catch compared with the average daily catch of all canoes. We have a “biased estimate of 
the mean daily catch” or an “inaccurate estimation”. The estimated daily catch is not representative 
for all canoes. Using the estimated daily catch for the estimation of the total catch of all canoes would 
lead to an overestimation. 

FIGURE 15 
Example of bias in sampling 

 

In practice, it is not easy to implement full random sampling in SSFs at the landing sites. This is 
because the human psychology of the enumerators often interferes. Can they cover all vessels? 
Vessels often land their catch very early in the morning. Sampling canoes is an outdoor job, being at 
the landing site in all weather conditions is not easy and the enumerators want to finish the job. Thus, 
it can be questioned if covering every third vessel will work. Enumerators will have a preference to 
work with captains who are cooperative, etc. However, we have to be aware of the possibility of bias. 
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6.2.2. Precision and stratified random sampling 
A second point of attention when sampling is the precision of your estimated value. The precision of 
your estimate is calculated with the relative error (ε):  

Relative error (ε) =  = 
√ 	

 

Where: 

CL = confidence limits; 

 = estimated sample mean. 

The relative error is expressed as a percentage. A relative error of 10 percent calculated with 
95 percent confidence limits, indicates that we are 95 percent sure that the true mean deviates no 
more than 10 percent from the value of estimated mean. In principle, we are aiming at a relative error 
that is less than 10 percent. The value of the relative error is determined by: 

 the variance in the target population; 
 the sample size. 

 

This is explained with two examples presented in Figure 16. 

We have two different target populations: 

 1 000 canoes operating very similar gears and number of gears, which results in very similar 
daily catches or a low variance of catches in the target population. The mean daily catch of 
the target is 30 kg. 

 800 canoes operating different gears, which results very different daily catches or a high 
variance of catches in the target population The mean daily catch of the target population is 
30 kg. 

 

We start sampling both target population and gradually we increase the sample size and the results are 
presented in Figure 16. 

For the first group, with a low variance in the target population, we see that the confidence limits of 
the estimated sample mean are relatively small and decrease when the sample size increases. 
Moreover, it is clear that a relative error of about 10 percent is already reached if about 15 canoes are 
sampled each month. Sampling of this group of canoes is straightforward. 

For the second group, with a high variance in the target population, we see large confidence limits at a 
low sample size that gradually decrease when the sample size increases. However, they still remain 
high at large sample sizes and we see that the relative error does not reach the required value of 
10 percent. Sampling of this group requires special attention, and we have to look deeper at the reason 
for the high variance in the target population, which can be twofold: 

 The high variance is caused because the canoes are using different gear types at the same 
time – we call them “polyvalent canoes”. In this case, sampling is difficult and we have to 
accept the reality that the relative error is high. In other words, there is no direct low-cost 
solution. 

 The high variance is caused because the canoes are using different gear types, but they only 
use one type of gear at the same type. Here, we can improve the situation by separation this 
during the sample procedures, e.g. record what type of gear is used when the samples are 
taken. We stratify the sampling. 
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FIGURE 16 
Relative error for sample obtained from two different target populations 

 
Notes: 1) population mean =30, population variance = 25; 2) population mean =30, population variance =225. 

 

Stratification reduces the relative error in sample estimates by systematically reducing as much as 
possible of the data variability through the sampling design. This is achieved by dividing the target 
population into homogenous groups or strata (Box 9). For example, industrial vessels would probably 
be treated as a separate stratum to artisanal vessels; or within artisanal fisheries the different gear 
types are considered as different strata. This is explained further in the example in Section 4.7 and 
Figure 2. 
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BOX 9 
Reducing variance in samples? 
There is sometimes confusion on the variance of the estimated mean in the samples after stratification and 
increasing of the sample sizes. 

In principle, the variance depends on the sample size through the “finite population correction factor” 

1 	or	 1  and the variance should be calculated as: variance = s2. However, in sampling 

small-scale fisheries, this correction factor is almost always close to 1, owing to the large target population size. 
Through stratification, we obtain a target population with a more homogeneous variance. In our case, with 

sampling catches, the variance in the target population is the main factor determining the sample variance. 
Increasing your sample size will not reduce the overall variance in the samples significantly. Therefore, 
stratification of your target population is of the utmost importance. 

Increasing the sample sizes improves the confidence limits and results in better estimates of the true mean 
and true variance. 

If we look at the formulae of the confidence limits and the relative error, the fact that tn-1 decreases with 
increasing sample size (n), and because √  is in the denominator, results in reduced relative error and 
confidence limits as the sample size increases. 

Relative error (ε) =  = 1

√ 	
 

Confidence limits = 
√

 = t-fractiles × standard error of mean 

This process is illustrated in the figure. The variance in the samples, expressed through the standard 
deviation s of the samples is always close to the standard deviation of the target population (σ), but if the sample 
size increases, s approaches σ better. With increasing sample sizes, both the standard error of the mean (sem) 
and the t-fractiles decrease, resulting in a lower relative error. 

Effect of increasing sample size on STD, SEM and t-fractiles 

 

6.3 STRATIFICATION 
As discussed in Section 4.7, there are two major types of stratification in a data collection programme: 
major strata, and minor strata. The definitions given in Section 4.7 are the standard definitions of 
stratification. However, in sampling of fisheries, over time, the following practical approach has been 
developed in relation to stratification: 

 Major strata: Subdivisions are based on administrative, geographical or temporal criteria 
that are imposed on the data collection programme for reporting purposes. 
 Minor strata: In a next step, we define minor strata, which are related to “space” or “time” 
and are used when the defined operational units have different catches/effort/species in these 
minor strata (Box 10). 
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 Fishing/operational unit: This is a group of fishing vessels practising the same type of 
fishing operation, targeting the same species or group of species, and having a similar economic 
structure. This is a first stratification, as it can be expected that catches and effort are relatively 
homogenous within a fishing unit. 

6.3.1 Fishing units and minor strata 
In general, sampling of SSFs is “boat-based” as: 

 the frame surveys usually provide the numbers of boats and the information of the major gear 
for each boat; 
 fishing effort is normally measured as the number of fishing days or the number of trips of a 
boat;  

CPUE is normally expressed as the daily catch of a vessel operating a certain gear.Obtaining this 
information in SSFs by gear only is very complicated, and owing to this complexity, it will result in 
unreliable estimates. 

Sampling of SSFs is never completely boat-based as for the selection of the operational units we are 
always looking at a combination of: vessel type, major gear used, major target species, and temporal 
and spatial aspects. Table 40 presents an example of a typical stratification for SSFs. 

TABLE 40 
Example of fishing units in SSFs 
Fishing 
unit 

Vessel type Vessel 
length 

Moto
r (hp) 

Gear type Gear 
specs. 

Target 
species 

Season(mi
nor 

strata) 

Geographics
(minor 
strata) 

No. of 
canoes 

Average 
CPUE 

(kg/day) 

No. 1 Dugout 
canoe 

14 50 Encircling 
gillnet 

700 Pelagics Whole 
year 

Whole 
country 

1 750 125 

No. 2 Dugout 
canoe 

12 No Encircling 
gillnet 

250 Pelagics Whole 
year 

Whole 
country 

2 200 33 

No. 3 Dugout 
canoe 

14 50 Hook and 
line 

200 
hooks 

Large 
pelagics 

Whole 
year 

Whole 
country 

800 75 

No. 4 Dugout 
canoe 

16 50 Purse 
seines 

700 Small 
pelagics 

Six 
month 

North of 
the country 

700 125 

No. 5 Dugout 
canoe 

16 50 Hook and 
line 

150 
hooks 

Large 
pelagics 

Six 
month 

North of 
the country 

700 90 

No. 6 Planked 
canoe 

8 no Polyvalent  Demersals Whole 
year 

South of 
the country 

1 800 15 

No. 7 Planked 
canoe 

9 No Traps 15 
traps 

Spiny 
lobsters 

Whole 
year 

South of 
the country 

700 8 

 
BOX 10 
Association of major and minor strata 
In FAO’s ARTFISH software for storage and analyses of data on small-scale fisheries, a minor strata can only 
be linked to one major stratum. Moreover, the guidelines indicate that minor strata in a major stratum cannot be 
associated with another major stratum. This concept is correct if we talk about whole minor strata. However, 
this concept will increase unnecessarily the number of samples to be taken if a minor stratum overlaps a number 
of major strata. This is explained in Figures A and B. In the figures, we see that the small boats all have more or 
less similar characteristics. Thus, in principle, this is one minor stratum and we need 60 samples per month to 
obtain a reliable estimate of their daily catch. The vessels have their landing sites in two districts, which are both 
major strata, as landings have to be reported by district. If minor strata cannot be associated with more than one 
major stratum, it would mean that we have to sample 60 vessels for the minor strata associated with District 1 
and another 60 vessels for the minor strata associated with District 2 (Figure A). 

In reality, we only have to sample 60 vessels in order to obtain reliable estimates and raise the estimates 
over the number of vessels associated with District 1 and District 2 (Figure B). 
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FIGURE A 
Association of two major strata and two minor strata 

 

FIGURE B 
Association of one minor stratum with two major strata 

 

6.4 SAMPLING  

6.4.1 Sample allocation 
You want to estimate the total catch of your small-scale fleet and have prepared things well: 

1. You have carried out a frame survey and you know the number, types, gear use and 
distribution of your canoes over the different landing sites. 

2. You have stratified your fleet for data collection in the following operational units: 
a. large motorized canoes using purse seines for small pelagics (1 000 canoes); 
b. large motorized canoes using hook and line for large pelagics (3 500 canoes); 
c. small non-motorized canoes using gillnets for demersals (6 000 canoes); 
d. small non-motorized canoes using traps for lobster (1 500 canoes). 

 

Now, you want to develop a sampling scheme to monitor catch and effort of the four types of canoes. 
The question is how many canoes to sample per month and where to take the samples. There are two 
approaches, depending on whether or not you already have preliminary data on the catches of the 
canoes. 
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6.4.2 Preliminary data are available 
The first question on how many samples you need to take can be solved through the relation between 
relative error and sample size. This is only possible if you have previous data on daily catch and the 
variation in the daily catch.  

The number of samples needed is estimated with the formula derived from the relative error: 

̅
 

Where: 

tn-1  t-fractiles; 

S sample standard deviation; 

̅ sample mean; 

ε tolerated relative error. 

As n and tn-1 are related, n cannot be calculated but has to be estimated by calculating the relative error 
for a range of sample sizes, and selecting the sample size where the relative error approaches the 
tolerated value of ε. This can be done easily in MsExcel manually or automatically using the “Lookup 
function”. 

Table 41 presents an example of sample sizes needed to obtain a relative error of 10 percent for the 
canoes above. 

TABLE 41 
Example of sample sizes needed to obtain a relative error of 10 percent 
Canoe type No. of canoes Average daily catch STD daily catch Coefficient of 

variation (%) 
No. of samples for 

10% error 

Large, purse seines 1 000 125 45 36.0 53 

Large, hook and line 3 500 90 17 18.9 17 

Small, gillnets 6 000 18 6 33.3 46 

Small, traps 1 500 9 4 44.4 79 

 

To monitor this fleet correctly, you need to sample 190 canoes per month. The results also clearly 
illustrate that the total number of canoes in each stratum has limited influence on the number of 
samples needed. Therefore, forget the idea that you have to sample a certain percentage of your fleet 
(5 or 10 percent). There is no large difference in the number of samples needed between a fleet of 
10 000 canoes or 500 canoes. The sample size is mainly determined by the variance in your samples 
(Figure 17), and this underscores the importance of appropriate stratification. 
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FIGURE 17 
Relation between coefficient of variation and required sample size to obtain a relative error of 
10 or 5 percent 

 

The regressions in Figure 17 can be used to make a first rough estimate of the sample size. 

6.4.3 No data are available 
Often, there are no preliminary data available when a sampling scheme is designed. This means that 
we do not know the average catch and its standard deviation, and we cannot use the relative error to 
estimate the sample sizes. 

For this case safe, Stamatopoulos (2002) has estimated some sample sizes to start with (Table 42). In 
the top row, the required accuracy level is presented (assuming random unbiased sampling), and the 
first column indicates the target population size. The target population is not the number of canoes. If 
we monitor the daily catch for a certain month, it is the number of canoes multiplied by the average 
number of fishing days per canoe for that month. If we monitor catch by trip, the target population 
size will be the number of canoes multiplied by the average number of trips per boat for that month. 

For example: The small canoes using traps will fish about 20 days per month. The target population 
size will be 1 500 canoes × 20 fishing days = 30 000 landings. If we want to have an accuracy of 
95 percent, we need to sample the landings of 128 canoes. 

If we have 50 vessels each making 8 trips a month, then the target population size is 50 × 8 = 
400 trips, and we have to sample 97 trips to be 95 percent accurate. We see again that the size of the 
target population has only limited influence on the sample size. The sample size is mainly determined 
by the accuracy level. 

The sample sizes provided will suffice if you start a new sampling scheme. However, as the data are 
being collected, the sample sizes should be checked with the relative error. By doing so, after a full 
year of data collection, you will have a good idea of how many vessels you need to sample for each 
minor stratum. 
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TABLE 42 
Safe sample sizes at varying accuracy levels and target population size  
Accuracy (%) 90 91 92 93 94 95 96 97 98 99 
Target population size Safe sample sizes 

300 29 35 43 54 69 90 120 163 218 274 

400 30 36 44 56 73 97 133 188 267 356 

500 30 37 45 58 75 102 143 208 308 432 

600 30 37 46 59 77 106 150 223 343 505 

700 31 37 47 60 79 108 156 236 373 574 

800 31 38 47 60 80 110 160 246 400 640 

900 31 38 48 61 81 112 164 255 424 703 

1 000 31 38 49 61 82 114 167 262 445 762 

2 000 31 39 49 63 85 120 182 302 572 1 231 

3 000 32 39 49 64 86 123 188 318 632 1 549 

4 000 32 39 49 64 87 124 191 327 667 1 778 

5 000 32 39 50 64 87 125 192 332 690 1 952 

6 000 32 39 50 65 88 125 194 336 707 2 088 

7 000 32 39 50 65 88 126 195 339 718 2 197 

8 000 32 39 50 65 88 126 195 341 728 2 286 

9 000 32 39 50 65 88 126 196 342 735 2 361 

10 000 32 39 50 65 88 126 196 343 741 2 425 

15 000 32 39 50 65 88 127 197 347 760 2 638 

20 000 32 39 50 65 89 127 198 349 770 2 760 

25 000 32 39 50 65 89 127 198 351 776 2 838 

30 000 32 39 50 65 89 128 199 352 780 2 893 

35 000 32 39 50 65 89 128 199 353 782 2 933 

40 000 32 39 50 65 89 128 199 353 785 2 964 

45 000 32 39 50 65 89 128 199 353 786 2 989 

50 000 32 39 50 65 89 128 199 353 788 3 009 

> 50 000 32 40 50 65 89 128 200 356 800 3 201 

Source: Stamatopoulos (2002). 

6.5 SAMPLE ALLOCATION 
Proper stratification will improve data collection. However, you should not overstratify. As discussed 
above, data collection has to focus on the basics, on data you will use. From a scientific /management 
point of view, it could be interesting to stratify according to gear type and gear characteristics. The 
first question would be “Are we going to use these data?” The second question is “Can we afford it”, 
this as for each stratification you need to collect about 50–100 samples per month. There is often a 
tendency to overstratify and this, combined with sample sizes not being checked, leads to estimates 
that are statistically not valid. For example; total catch estimates of 1 000 gillnets based on 4 samples, 
or stratification over minor and major landing sites, but not enough samples being taken, makes the 
final estimates unreliable and not valid. 

What should we do if we only have the staff and budget to take a certain number of samples per 
month in the whole of the country? For example, if we only can take 300 samples per month, how do 
we allocate the samples over the different operational units/minor strata? 

Let us discuss this with the seven operational units / minor strata presented in Table 43. In this table, 
we have the characteristics of the fishing units and the CPUE obtained from a preliminary sampling 
programme covering 50 vessels for each fishing unit.9 

  

                                                      
9 The data were obtained by simulation. First, the target population was generated at random. Then, random samples were 
taken from the different target populations. 
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TABLE 43 
Example of seven operational units/minor strata in SSFs 
Vessel type Vessel 

length(
m) 

Motor (hp) Gear type Spatial coverage 
(minor strata) 

No. of 
canoes 

Preliminary data (n=50) 
Average CPUE  

(kg/day) 
STD of 
CPUE 

CV 

Dugout canoe 14 50 Encircling 
gillnet 

Whole country 1 750 128 54 0.42 

Dugout canoe 12 No Encircling 
gillnet 

Whole country 6 600 33 5 0.15 

Dugout canoe 14 50 Hook and 
line 

Whole country 800 77 17 0.22 

Dugout canoe 16 50 Purse seines North of the 
country 

700 136 10 0.07 

Dugout canoe 16 50 Hook and 
line 

North of the 
country 

700 88 23 0.26 

Planked canoe 8 No  Polyvalent South of the 
country 

2 000 22 4 0.18 

Planked canoe 9 No Traps South of the 
country 

500 13 5 0.38 

Total no. of 
canoes 

  13 050     

 

The 300 samples can be allocated over the 7 operational units / minor strata by using 3 different 
methods: proportional allocation; Neyman allocation; and allocation using coefficient of variation. 

6.5.1 Proportional allocation 
In proportional allocation, we distribute the samples over the strata taking into account only the 
number of canoes in each stratum:  

	 . .
. 	 	

	 .
 

	 	 ∑
 

Table 44 presents the samples allocated proportionally for our example. 

With proportional allocation, in 4 strata the relative error does not reach the required 10 percent 
(Table 44). The largest number of samples (152) are allocated to dugout canoes using encircling 
gillnets. However, this stratum has a relatively low standard deviation (STD=5) and maybe the latter 
would be a better criteria for allocation of the samples. 

TABLE 44 
Results of proportional allocation 
Vessel type No. of canoes Samples allocated Relative error using allocated sample sizes1 

Dugout canoe 1 750 40 0.155 

Dugout canoe 6 600 152 0.022 

Dugout canoe 800 18 0.110 

Dugout canoe 700 16 0.038 

Dugout canoe 700 16 0.139 

Planked canoe 2 000 46 0.050 

Planked canoe 500 11 0.325 

Total no. of canoes 13 050 300 0.839 
1 This relative error has been obtained by using the allocated sample sizes in a simulated random sampling of the target population. 

6.5.2 Neyman allocation 
The Neyman allocation, or “optimum stratified sampling equation”, is often mentioned in guidelines 
for sample-based surveys in fisheries. It uses the basic rule that sample size per stratum should be 
large when: 
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 the stratum is large; 
 the standard deviation is large. 

 

In the Neyman allocation, the allocated sample size is proportional to the number of vessels and the 
standard deviation in each stratum. 

∑
 

To look at the Neyman allocation, we use the same procedure as used for proportional sampling. 
Table 43 provides some data from preliminary sampling, and these data are used to allocate the 
samples using the Neyman allocation. Table 45 presents the allocated sample sizes and resulting 
simulated relative errors. 

For the first fishing unit in our example, the number of samples would be 162: 

.

300
1750 ∗ 54

1750 ∗ 54 6600 ∗ 5 800 ∗ 17 700 ∗ 10 700 ∗ 23 2000 ∗ 4 500 ∗ 5
 

The largest number of samples (162) is allocated to Fishing unit 1, mainly because of the high 
standard deviation of 54 in the preliminary data set (Table 43). In three strata, the calculated relative 
error does not drop below 10 percent; and in stratum 7, planked canoes with traps, the relative error is 
high. 

It should be noted that the Neyman allocation aims to reduce the overall variance of all the samples. It 
does not look at reducing the variance in the individual samples. The Neyman allocation uses the 
absolute values of the variance, expressed through the standard deviation. 

However, for sampling fisheries, with sometimes large differences in the absolute values of the mean 
and where we are aiming to obtain the highest precision for the estimates of each stratum, the Neyman 
allocation is probably not the most appropriate method for the allocation of samples. 

It could be more correct to use the coefficient of variation (CV) within each stratum to allocate the 
samples to different strata. 

TABLE 45 
Results of sampling with the Neyman allocation 
Vessel type No. of canoes STD No. canoes × STD Allocated samples Relative error using allocated sample sizes 

Dugout canoe 1 750 54 94 500 162 0.062 

Dugout canoe 6 600 5 33 000 57 0.043 

Dugout canoe 800 17 13 600 23 0.093 

Dugout canoe 700 10 7 000 12 0.053 

Dugout canoe 700 23 16 100 28 0.149 

Planked canoe 2 000 4 8 000 14 0.151 

Planked canoe 500 5 2 500 4 0.276 

Total no of canoes 13 050  174 700 300 0.827 

6.5.3 Allocation using the coefficient of variation 
The Neyman allocation has as a basic rule that sample size per stratum should be large when (i) the 
stratum is large and (ii) the standard deviation is large.  
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However, if it is assumed that (i) the size of the target population has little influence on the precision 
of the estimates obtained in sample-based data collection and (ii) we are aiming at the highest 
precision for the estimates of each individual stratum, then the coefficient of variation (standard 
deviation / mean) could be a better criterion for allocating the samples.10 

In this case, the allocated sample size is proportional to the coefficient of variation within in a 
stratum: 

∑
 

The number of samples allocated to the first fishing unit would be 74: 

No. samples 300 ∗
0.42

0.42 0.17 0.22 0.08 0.26 0.20 0.37
 

Table 46 presents the results of a simulated sampling using this sample allocation. The largest number 
of samples (75) is allocated to stratum 1, followed by stratum 7 (68 samples). In all strata, the relative 
error is less than our tolerated error of 10 percent. 

TABLE 46 
Sample allocation by using the coefficient of variation 
Vessel type No. of canoes CV Allocated samples Relative error using allocated sample sizes 

Dugout canoe 1 750 0.42 75 0.087 

Dugout canoe 6 600 0.15 27 0.059 

Dugout canoe 800 0.22 39 0.080 

Dugout canoe 700 0.07 13 0.027 

Dugout canoe 700 0.26 46 0.077 

Planked canoe 2 000 0.18 32 0.053 

Planked canoe 500 0.38 68 0.013 

Total no. of canoes 13 050 1.70 300 0.396 

6.5.4 Comparison of the three methods 
If one only looks at the relative error for the estimates within each fishing unit and the total relative 
error over all fishing units, allocation with the coefficient of variation will give the optimal results 
(Table 47). 

TABLE 47 
Total relative error, and relative error per stratum, after distribution of samples using three 
different methods 
Vessel type Gear type No. of canoes Relative error (%) 

Proportional 
allocation 

Neyman allocation CV allocation 

Dugout canoe Encircling gillnet 1 750 15.5 6.2 8.7 

Dugout canoe Encircling gillnet 6 600 2.2 4.3 5.9 

Dugout canoe Hook and line 800 11.0 9.3 8.0 

Dugout canoe Purse seines 700 3.8 5.3 2.7 

Dugout canoe Hook and line 700 13.9 14.9 7.7 

Planked canoe Polyvalent 2 000 5.0 15.1 5.3 

Planked canoe Traps 500 32.5 27.6 1.3 

Total  13 050 83.9 82.7 39.6 

 

  

                                                      
10 This method of allocating samples has not been published before. FAO is preparing a scientific paper on it. 
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6.6 CLUSTER SAMPLING AND TWO-STAGE SAMPLING 
The present training course deals with stratified sampling only, as it is the most common approach. 
However, other approaches such as “cluster sampling” and “two-stage sampling” are sometimes used 
to estimate total landings from SSFs. 

Cluster sampling can be used when we have a small number of vessels, but of different types, at a 
large number of sampling sites. In this case, a number of landings sites are selected (clusters), and the 
landings of all the vessels are recorded. 

Two-stage sampling is used when we have a large number of landing sites with a large number of 
vessels of different types at each landing site – thus in cases where we cannot record the landings of 
all the vessels at a landing site. 

Some information on cluster and two-stage sampling is provided in Cadima et al. (2005). 

6.7 EXERCISES  
 

 Do the exercise “Module 5 Exercise 1 Calculate sample size” in MsExcel. 
 Do the exercise “Module 5 Exercise 2 Sample allocation” in MsExcel. 
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7. MODULE 6: SET-UP OF A STRATIFIED SAMPLING SCHEME FOR SMALL-
SCALE FISHERIES ROUTINE DATA COLLECTION 

Objective of the module: To understand the general set-up of sample-based monitoring of SSFs. 

7.1 COST-EFFECTIVE FISHERY SURVEYS  
Regularly conducted fishery surveys are costly and will include field and office personnel costs, field 
operations costs and other overhead and maintenance costs relating to office infrastructure and 
operations. As noted above in Section 6.1, in many developing countries, these total costs may 
constitute a major constraint on the effective development of fishery statistics. However, cost-
effective sample-based fishery surveys can be achieved when:  

 they	are	economical	in	data	collection	effort	and	produce	reliable	estimates;		
 existing	human	and	financial	resources	involved	in	data	collection	and	processing	are	

used	efficiently;	
 they	respond	to	the	needs	of	users	(planners,	managers,	scientists)	in	a	timely	and	

reliable	manner.		

7.2 SUSTAINABLE FISHERY SURVEYS  
Statistical analysis most often requires time series of data through regularly conducted fishery 
surveys. A sample-based fishery survey is considered sustainable when:  

 its	design	is	robust	enough	to	permit	continuity	when	changes	occur	to	the	fisheries	
being	statistically	monitored;		

 training	of	field	and	office	staff	is	appropriate	and	regular	so	that	data	collection	and	
processing/analysis	are	safeguarded	against	staff	changes	and	turnover;	

 it	has	minimal	or	no	dependence	on	external	technical	assistance.	

7.2.1 Role of field staff  
The backbone of a fishery survey is the field team of data collectors and their supervisors. They form 
the primary interface between fishers and fisheries management. They collect and submit data to the 
fishery statistical units for further processing. The following points underline the important role of 
field staff involved in data collection. 

7.2.2 Quality and utility of collected data  
The quality of produced statistics is a direct function of the effectiveness and timeliness of field 
operations involving data collectors and supervisors. The quality of data affects their utility in meeting 
the aims of their collection and in satisfying acceptable statistical reliability. 

7.2.3 Training  
Training and re-training of data collectors must be thorough, appropriate to their tasks, and take into 
consideration their capacity to carry out instructions. 

7.2.4 Realistic survey design  
All survey designs must be broken down into achievable tasks that can be accomplished within 
realistic work schedules and through unambiguous instructions for data collectors.  

7.2.5 Mobility of data collectors and supervisors  
The mobility of data collectors and their supervisors (to provide support and guidance) affects the 
quantity of collected data as well as their representativeness. Low mobility owing to lack of 
transportation usually results in reduced statistical coverage (time and area). It also increases the risks 
of biased data, as survey data collection will usually be conducted at the same few locations.  

7.2.6 Motivation and operational experience  
Data collectors and supervisors should be motivated to perform their work, and not only financially. 
They should have a good understanding of the purpose and utility of their work, feel part of the 
overall statistics team, and be provided with recognized feedback mechanisms to enable their 
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participation in the structuring and implementation of surveys. To enable this, field staff should attend 
workshops and training courses concerning operational aspects of data collection, as their operational 
experience would contribute positively in survey planning and the revision of survey design.		

7.3 ROLE OF OFFICE STAFF  
Primary data collected by field staff are of little or no utility unless there is appropriate statistical 
office infrastructure. The responsibilities and functions of statistical office staff are: 

Design and planning of fishery surveys, including implementation scheduling, training, equipment 
and logistics support, and the coordination and monitoring of all of the field and office activities 
involved. 

Monitoring – organizing and reviewing primary data obtained from the field, including editing and 
data checking, and undertaking corrective actions as necessary. 

7.4 ROUTINE AND AD HOC SURVEYS 
For SSFs, the information requirements must cover harvesting and catches, processing, marketing, the 
fishing community, food security, livelihoods and other sectors. Variables to be collected and 
indicators used for the different sectors have been discussed in Module 2. A wide variety of 
approaches/methods can be used to collect the variables. However, in data collection, a clear 
distinction should be made between “routine data collection” and “ad hoc / scientific surveys”. Data 
needed for an FIS to support the ecosystem approach to fisheries, food security and poverty 
alleviation policies, and climate change policy development cannot be collected through “routine data 
collection” alone. Routine data collection systems should be robust and simple, and they can provide 
the basic long-term data series on structure of the fleet, number of fishers, landing sites, catch, major 
species, value and, sometimes, fishing effort.  

Additional information, such as biomass, CPUE by gear, biodiversity, state of the ecosystem, stock 
status, socio-economics, and livelihoods, should be covered through separate monitoring programmes 
or “ad hoc / scientific surveys”. With limited human and financial capacity, the long-term 
sustainability of SSFs’ routine data collection systems can only be guaranteed by focusing on the 
basics and applying appropriate statistical approaches. 

This training course focus on the key components of routine data collection for SSFs: structural 
information, total catch, daily catch by vessel, fishing effort and catch by species. 

7.5 THE BASICS 
With a sample-based approach, estimation of total catch would use the mean catch per fishing day 
from a landings sample and the mean number of fishing days per vessel from a vessel sample, which 
multiplied together would give the mean catch per vessel. The total catch can then be obtained by 
multiplying this by the total number of vessels (a raising factor) obtained from a frame survey or 
vessel register. 

The generic formula for this estimation is as shown in Figure 18. 
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FIGURE 18 
Formula for estimating total catch using a sample-based approach 

 

 

To estimate total catch, we need to collect data on four variables: 

 Daily catch by vessel-gear: 
 CPUE, from landings or a catch assessment survey (CAS). 
 Fishing effort:  
 Total number, classification and distribution of the vessels. In principle, this is the fishing 

capacity, and the data are collected through a frame survey or through registration/licensing 
systems. 

 Active vessels. Not all vessels will actually fish, some of them are not active because they are 
under repair. The data is collected through a CAS. 

 Active fishing days, the number of days the vessels actually go fishing, or the number of 
fishing trips made by the vessels each month. This information can be collected through a 
CAS (horizontal sampling) or through a separated effort survey (vertical sampling). 

7.6 STRUCTURAL DATA OR THE SAMPLING FRAME 
In order to raise the results of samples to the overall picture, we need the “sampling frame” or 
“structural data”. Structural data are obtained through a frame survey. A frame survey can be defined 
as: a complete description of the structure of the primary fishery sector including an inventory of 
ports, landing places, number and type of fishing units (boats and gear), and a description of fishing 
and landing activity patterns, fish distribution routes, processing and marketing patterns, and supply 
centres for goods and services. 

Frame surveys are, in principle, a full enumeration, which makes them expensive. Often, the highest 
costs are related to staff travel. In order to make full use of the cost, the recommendation is to collect 
not only the structural data but also the socio-economic and livelihood data of the different 
stakeholders in the sector, as this type of data is of the utmost importance for policy development.  

Structural data on the fleet can also be obtained from a functional vessel register, and in combination 
with annual fish licences, they provide the total number and a reasonable estimate of the active 
number of vessels, sufficient to raise sample data to totals. Using registers/licences is highly cost-
efficient, but has the disadvantage that no socio-economic or livelihood data are collected. 

The frames survey provides the information for stratification of the sampling scheme and the raising 
of sample data to totals. Therefore, utmost attention should be given to collecting the information that 
allows stratification and raising, e.g. the identification of the “fleet segments” and the “operational 
units/métiers”. 
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A fleet segment is a group of boats with more or less similar vessel characteristics. Fleet segments 
could be: 

 industrial tuna purse seiners; 
 industrial tuna longliners; 
 coastal shrimp trawlers; 
 artisanal planked canoes; 
 artisanal dugout canoes; 
 beach seine operators; 
 fishers operating cast nets. 

 

An operational unit/métier is	 a	 group of fishing vessels practising the same type of fishing 
operation, targeting the same species or group of species, and having a similar economic structure. 
Examples of operational units are: 

 industrial tuna purse seiners targeting tunas; 
 industrial tuna longliners targeting tunas; 
 coastal shrimp trawlers targeting shrimps; 
 artisanal motorized dugout canoes operating purse seines targeting small pelagics; 
 artisanal motorized dugout canoes operating hook and line targeting large pelagics; 
 artisanal non-motorized planked canoes using traps targeting spiny lobster. 

 

Defining the operational units for SSFs is often straightforward. However, multigear use in SSFs 
should be considered carefully. If the gear types are changed within the season, then a fleet segment 
may be split up into a number of operational units (Table 48). This means that the number of 
operational units may even exceed the total number of canoes in the frame survey. 

TABLE 48 
Example of multigear and multispecies aspects of SSFs 
Vessel type No. of vessels Gear used 

&no. of gear 
per vessel 

Target 
species 

Fishing calendar and fishing days 
J F M A M J J A S O N D 

Non-
motorized, 
planked 
canoe, 8 m 

1 000 Bottom 
gillnet, 200 m 
per canoe 

Grouper 20  20  15  10          10  20  20 20  

Bamboo 
traps, 30 per 
canoe 

Spiny 
lobster 

      10 25  25  25  20  10        

 

In this example, the planked canoes are the fleet segment. As the two gear types used are very distinct, 
this fleet segment has two operational units:  

 planked canoes operating bottom gillnets targeting groupers; 
 planked canoes operating traps targeting spiny lobster.  

 

However, if different gear types are used simultaneously, things are more complicated and, often, 
such a group of canoes is classified as “polyvalent”. 

7.7 CATCH ASSESSMENT OR LANDING SURVEY 
In principle, there are three sampling approaches and their application depends on the staff and budget 
available. 
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7.7.1 Census in time and sampling in space 
Census in time and sampling in space is illustrated in Figure 19. Three fishing sites are shaded as 
participating in the samples. Sampling at these three sites takes place every day, as indicated in the 
shaded boxes in the calendar.  

FIGURE 19 
Census in time, sampling in space 

 

In this approach, it is assumed that the fishing units are very dispersed over the statistical area, and 
that no mechanism exists for obtaining data from all fishing sites.  

It is also assumed that there is availability of staff time for daily collection of information from the 
selected sampling locations, i.e. data recorders resident at some landing sites. 

7.7.2 Census in space and sampling in time 
In Figure 20, all fishing sites and boats are shaded to indicate that they will be enumerated. Blank 
boxes in the calendar show that recording will not be performed on all days.  

FIGURE 20 
Census in space and sampling in time 

 

In this approach, it is assumed that we can collect the data from all sites, but that we cannot collect the 
data every day. 

7.7.3 Sampling in space and in time 
Sampling in space and in time is more or less what the real situation is in many countries. Only a 
limited number of landings sites can be covered during a certain number of days (Figure 21). 
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However, if minor strata are well defined and if the sample sizes for the individual strata are 
sufficient, then this approach will provide reliable results. 

FIGURE 21 
Sampling in space and in time 

 

7.8 LANDING SURVEYS 
Landing surveys are conducted at landing sites with the purpose of collecting sample data on total 
catch and species composition, associated effort, and other secondary data such as prices and fish size 
(in weight units), in particular: 

 catch of all species; 
 associated fishing effort; 
 overall CPUE; 
 catch by species; 
 first-sale prices. 

 

The primary objective is to estimate, on a sample basis, overall CPUEs and species proportions for 
each minor stratum. 

The CPUE is the average catch of a fishing unit by unit of time: catch per canoe by day, catch per 
canoe by fishing trip, catch per fisher by month, catch by gillnet by day, or catch by trap by day. 

7.9 HOW TO SELECT THE LANDING SITES FOR SAMPLING 
Once the samples sizes for each stratum have been determined, the question remains as to where the 
data will be collected and which landing sites will be selected. 

The main criteria in selecting sampling sites are:  

 Sampling sites should provide a satisfactory geographical coverage of the statistical area. 
Limited human resources or transport will usually be the major operational constraint to this 
coverage.  

 Original frame surveys of the numbers of boats (fishing units) by site and boat and gear type 
will indicate the relative importance of sites (very important, important, less important, etc.). 
Sampling sites should represent all boat and gear types involved in the survey. 

 

Again, there are two approaches, depending on what you already know. 

7.9.1.1  No preliminary data available 
We use a cautionary approach where no previous information is available, and sample sizes are 
determined by the table with the safe sample sizes (Table 42). This is because we do not know yet 
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whether there are differences in CPUE over the different landing sites or geographical areas, e.g. we 
do not know whether a canoe at a small landing site catches the same as a canoe at a large landing 
site. In the first year of sampling, this type of information will become available. Therefore, all 
different types of landing sites should be covered, and within each stratum the samples could be 
allocated proportionally to the size of the landing sites – more canoes are sampled at large landing 
sites. 

7.9.1.2  Preliminary data available 
The selection of landing sites is straightforward if sample sizes for the different strata are determined 
with preliminary available data and with the application of relative error. For example, if it is known 
that the catch of non-motorized canoes fishing with traps is more or less the same along a certain part 
of the coast, there is no difference between a canoe landing at a small landing site and a canoe landing 
at a large landing site. In this case, the most logical choice is to sample only at large landing sites as it 
is the easiest and cheapest approach. However, if funds and staff are available to cover more landing 
sites, then you could do so in order to minimize the risk of sampling errors. 

Rule of thumb: In situation where staff and budget are limited, stratify appropriately and collect data 
from the larger landing sites. 

7.10 HOW TO COLLECT LANDING/CATCH DATA 
Taking the weight of the landings by species at the landing sites is the most common way to collect 
landings of SSFs. Data will be collected by enumerators at the landings sites. In the design of the 
landing surveys, great care should be taken not to overburden the enumerators. Keep things simple! 
The more complicated the survey is, the higher the risks are of sample errors, non-cooperation of the 
fisheries, and “cooking” of the data. For example, is it really necessary to cover all species, or should 
we focus only on those species that are covered by a fisheries management plan? 

Next to direct observation, the following alternatives for collection of landing data can be used: 

 Recall interviews: Fishers and/or boat owners can be interviewed about their daily catch. 
They will remember approximately what and how much they caught on a day, or during a trip. 
The results will not as accurate as direct observation, but the advantage is that more samples can 
be taken in a short time. 
 Reporting: Logbooks are not often used in SSFs. However, an FAO-supported pilot project 
in China obtained good results. Simple logbooks can provide a large array of information at low 
cost. The approach requires good collaboration with individual fishers, training of the fishers, and 
confidentiality of data. 

7.11 FISHING EFFORT COLLECTION 
In principle, fishing effort is made up of three components: 

 the total number of vessels (F); 
 the total number of active vessels; 
 the number of fishing days of each vessel (A). 

 

Fishing effort can be described as: 

Fishing effort (number of fishing days) = AC × F × D 

Where: 

AC is the activity coefficient indicating how many vessels are active in a month or how many times a 
fishing unit goes fishing; 

F is total number of vessels; 
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D is the number of days in a month. 

Each of the components is estimated through a separated data collection system. 

7.11.1 Total number of vessels 
The total number of vessels, as discussed above, can be collected through a frame survey or from 
registers. 

7.11.2 Number of fishing days, boat activity or fishing activity coefficient 
The total fishing effort in a month or the total number of fishing days, trips, etc., in a month depends 
on the activities of the fishing units, as only active units catch fish. This is not covered in the frame 
survey. 

Fishing effort (number of fishing days) = AC × D 

The activity of the fishing units can be either estimated through the boat activity coefficient (BAC, 
vertical sampling) or through the fishing activity coefficient (FAC, horizontal sampling). The 
estimation for both is expressed as: 

Fishing effort (number of fishing days) =BAC ×D 

or 

Fishing effort (number of fishing days) = FAC × D 

Where: 

F is total number of vessels in the frame survey; 

BAC or FAC is boat or fishing activity coefficient; 

D is the maximum number of fishing days in a month for BAC or the number of days in a month for 
FAC. 

Horizontal sampling. The easiest way to collect information on the average number of fishing days 
is to include a question on this in the CAS. The fishers know how many days they went out in the 
previous week, so simply asking them how many days they went fishing in the previous week will 
suffice. This is called horizontal sampling for fishing effort. 

Vertical sampling. In vertical sampling, a separate fishing effort data collection system is designed. 
At the landing sites, throughout the month, on a daily basis, the total number of vessels and the 
vessels that go fishing is registered. This system is slightly more complicated and a little costlier, but 
it may be needed in cases of high migration of vessels and where fishing activities are influenced by 
the lunar cycle, e.g. light fishing for sardinellas. 

Estimation of the BAC is often not difficult and can be determined on a monthly basis by interviewing 
key informants at the landing sites. The number of vessels under repair or not functioning is often 
well known if the landing sites are not too high. 

However, the total number of vessels and the active number of vessels can be complicated if the 
vessels migrate, if they move to follow the resources and move from one landing site to another. They 
may even move from one country to another country, as is the case in some West African countries. If 
migration is high, then the only solution is to carry out monthly frame surveys at all landing sites. 
This can be done by mandatory reporting. 

Where well designed and implemented, vertical horizontal sampling should provide the same number 
of fishing days in a month (Table 49). 
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Estimation of total catch 

Boat-based 

Total catch = total number of vessels × fishing days × CPUEboat 

Gear-based 

Total catch = total number of gear × gear activity coefficient × fishing days × CPUEgear 
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TABLE 49 
Vertical or horizontal sampling for fishing activity 

No. of the fishing 
unit 

Day of the month     

1 2 3 4 5 6 7 8 9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

No. active 
units / 

fishing days 

Fishing 
activity 

coefficient 

1 0 1 0 1 0 0 1 0 1 0 0 0 1 1 1 0 0 1 0 1 0 0 0 1 0 1 0 1 1 0 13 0.43 

2 1 1 1 0 0 1 0 1 0 0 0 1 1 0 0 0 0 0 1 1 0 1 1 0 0 1 1 0 1 1 15 0.5 

3 0 0 1 1 1 1 0 0 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 11 0.37 

4 1 0 0 1 0 0 0 0 1 0 1 0 0 0 0 1 1 0 0 1 1 1 0 0 1 0 0 0 1 0 11 0.37 

5 0 1 1 1 0 1 1 0 0 1 0 1 0 1 0 1 0 0 1 1 0 1 0 0 0 1 1 1 1 1 17 0.57 

6 1 0 1 1 0 0 1 1 1 0 1 1 1 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 0 0 15 0.5 

7 0 1 1 0 0 1 0 1 0 1 0 1 1 1 1 0 1 0 0 0 1 1 1 0 0 1 0 1 0 1 16 0.53 

8 1 0 1 0 0 0 0 1 1 0 0 1 1 0 0 1 0 1 1 0 0 1 1 1 0 0 0 0 0 0 12 0.4 

9 1 0 0 1 1 0 0 1 0 1 0 1 0 0 1 1 1 1 0 0 1 0 0 0 1 0 0 1 0 1 14 0.47 

10 0 1 1 0 0 1 1 1 0 0 1 1 0 0 1 1 0 1 0 1 0 1 1 0 0 1 1 0 0 0 15 0.5 

No. of active units / 
fishing days 5 5 7 6 2 5 4 6 5 3 3 7 5 4 5 7 4 5 3 6 3 7 6 2 3 6 3 4 4 4 139   

Boat activity 
coefficient 

0.50 

0.50 

0.70 

0.60 

0.20 

0.50 

0.40 

0.60 

0.50 

0.30 

0.30 

0.70 

0.50 

0.40 

0.50 

0.70 

0.40 

0.50 

0.30 

0.60 

0.30 

0.70 

0.60 

0.20 

0.30 

0.60 

0.30 

0.40 

0.40 

0.40     
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7.12 SPECIES COMPOSITION 
The species composition can be collected directly at the landing site during the CAS. This can provide 
accurate data, but it can also be cumbersome and counterproductive if too many species have to be 
covered. This is because estimation of catch for each species or species group is time-consuming and 
often not appreciated by the fishers and boat owners. 

An alternative approach is to collect only the total catch during the CAS and collect the species 
composition separately through scientific survey or logbooks. The total catch by species is then 
calculated by multiplying the total catch obtained from the CAS with the proportion of the species 
obtained by the species composition survey. 

Total catchspecies = Total catch × Proportionspecies 

7.13 EXERCISE  
 

 Do the exercise “Module 6 Exercise 1 Calculate total catch” in MsExcel. 
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8. MODULE 7: DATA ANALYSIS 

Objective of the module: To understand the basics of data validation, analyses and presentation. 

8.1 CHECKING OF DATA 
Once data have been collected and entered in the database system, its quality must be verified before 
it is used in the estimation and analyses process.  

8.2 VALIDATION OF DATA 
The first step is validation of the data. During this process, the data are checked to see whether any 
mistakes were made during data collection and data entry. It seems simple, but a few canoes with a 
length of 160 m, or gear of 2 km (Figure 22) can really influence your analyses! 

FIGURE 22 
Some examples where data has to be validated 

 

8.2.1 Outliers 
Outliers are different from entry mistakes. Outliers can be correct data entries but they are remarkably 
different from the rest of the data. Outliers can occur by chance in any distribution, but they are often 
indicative either of measurement error or that the population is not normally distributed but is skewed 
or has kurtosis. Outliers should be investigated carefully. Often, they contain valuable information 
about the process under investigation or the data gathering and recording process. Before considering 
the possible elimination of these points from the data, one should try to understand why they have 
appeared and whether it is probable that similar values will continue to appear. Figure 23 shows an 
example of a gillnet fishery. The average CPUE is about 38 kg/day, but some extreme catches of 70–
100 kg/day are observed. After cross-checking the data, it was found out that a small number of 
canoes were landing catches obtained from more than one canoe, and consequently the data were 
removed. 

FIGURE 23 
Example of outliers in a gillnet fishery 

 

The presence of entry mistakes and outliers stresses the importance of looking at the distribution of 
your samples. This is discussed in Section 8.3 on data presentation. 
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8.2.2 Check sample sizes 
After the data set is clean and validated, before any further analyses is carried out, the relative error 
for estimates of each minor stratum has to be checked. This should be a standard routine in any 
sample-based survey database system. 

BOX 11 
Activating Toolpak in Excel 
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8.3 DATA PRESENTATION 
Data presentation is important for analyses and for reporting. As indicated above, knowledge of the 
distribution of your data is of the utmost importance for further analyses of the data. The MsExcel 
add-in “Toolpak” is an easy tool to facilitate data analyses. Before you continue, check that “Toolpak” 
is activated (see Box 11). Frequency tabulation and distribution is one of the major tools for this. 

8.3.1 Frequency distributions 

8.3.1.1 Fitting a distribution 
A frequency distribution shows the number of observations falling into each of several ranges of 
values. Frequency distributions are portrayed as frequency tables, histograms, or polygons. They can 
show either the actual number of observations falling in each range or the percentage of observations. 
In the latter instance, the distribution is called a relative frequency distribution. Frequency 
distributions can be easily made in Excel by using the add-in “Toolpak” (Box 11). Figure 24 presents 
CPUE data for gillnets, and let us assume that we would now like to know how the data are 
distributed over the intervals: 0–10 kg, 10–20 kg, 20–30 kg. 
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FIGURE 24 
CPUE data for gillnets 

 

In the “Data tab”, click on “Data analyses” (Figure 25). 

FIGURE 25 
Open data analyses 

 

The menu for data analyses will open, select “Histogram” and click “OK” (Figure 26). 
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FIGURE 26 
Data analyses menu 

 

In the menu (Figure 27), select (i) the input range, all the cells with the CPUE data; A2:A1001; and 
(ii) the bin range or the cell with the classification of the ranges C1:C21. Be aware that cell C1 
contains a data label, thus click “data label” to provide the output ranges where the results will be 
displayed, next to our bin range: D1:D21. Click “Chart output” for displaying the results also as a 
graph. Click “OK” and the results will be displayed (Figure 28). 

FIGURE 27 
Selecting the inputs for making a histogram 
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FIGURE 28 
Results of making a histogram 

 

By selecting “Cumulative Percentage” in the histogram menu (Figure 29), the cumulative data will be 
added to the graph (Figure 30). 

FIGURE 29 
Adding cumulative percentage to a histogram 
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FIGURE 30 
Histogram with cumulative percentages 

 

In the example, a perfect normal distribution is presented, real catch and effort data are never that 
perfect, are not normally distributed and may be highly skewed. 

8.4 NON-NORMAL TYPES OF DISTRIBUTIONS 

8.4.1 T-distribution 
The t-distribution is very similar to the normal distribution when the estimate of variance is based on 
many degrees of freedom but it has relatively more scores in its tails when there are fewer degrees of 
freedom (Figure 31). 

FIGURE 31 
The normal distribution and a t-distribution 

 

8.4.2 Skewed distribution 
Skewness is a measure of the asymmetry of the probability distribution of a real-valued random 
variable. The skewness value can be positive or negative, or even undefined (Figure 32). 
Qualitatively, a negative skew indicates that the tail on the left side of the probability density function 
is longer than that on the right side and the bulk of the values (including the median) lie to the right of 
the mean. A positive skew indicates that the tail on the right side is longer than that on the left side 
and the bulk of the values lie to the left of the mean. 
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FIGURE 32 
Skewed distributions 

 

8.4.3 Bimodal distribution 
A bimodal distribution is a continuous probability distribution with two different modes (Figure 33). 
These appear as distinct peaks (local maxima). 

FIGURE 33 
Bimodal distribution 

 

8.4.4 Spike at zero 
A spike at zero distribution can occur in SSFs as fishers may return without a catch, and for that day a 
“zero catch” should be recorded (Figure 34), but this is often forgotten.  

FIGURE 34 
Distribution with spike at zero 
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8.5 STATISTICAL TESTS 
Stratification is an important part of setting up a sampling scheme. Strata are used to define statistical 
different groups. However, how do we know if the daily catch of gillnets differs significantly from the 
daily catch of traps? For this, we use statistical tests. This section briefly explains how you can carry 
out statistical tests in MsExcel using daily catches from gillnets, hook and line, and traps. For this, 
you must be sure that the standard add-in “Analyses toolpak” is activated in Excel. 

8.5.1 T-test 
When the means of two groups are to be compared, where each group consists of subjects that are not 
related, then the two-sample t-test procedure can be used to test whether the means are equal. 

8.5.1.1 First example 
In an example, we want to know if the daily catches of gillnets and of hook and line are different. 

 First, we test whether the variance in the two groups is equal or not. We have two data sets: 1) 
CPUE Gillnets; and 2) CPUE Hook and Line. 

 

 We go to the “Data”, then we open “Data analysis”, select in the popup menu “F-test two-
sample for variances”, and click “OK”. 
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 We select the range for variable 1: Gillnets, then the range for variable 2, Hook and line. We 
indicate that the two top cells contain labels, the name of the gear types. In “Alpha”, we indicate 
the confidence level in our case 95 percent or 0.05. Then, we indicate where we want to have our 
results, in a separate worksheet or as in our case in a range of cells in our working sheet. Click 
“OK”. 

 

 The results are presented in our worksheet. We see that the variance for CPUE gillnets = 23.9, 
and for CPUE Hook and Line = 26.6. However, the difference is not statistically different as the P 
value is 0.34. If this value had been 0.05 or lower, then the variances would have been different. 
Therefore, we apply a t-test with equal variance. 
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 Again, we go to the “Data”, open “Data analyses” and we select “t-test: two-sample assuming 
equal variances”. 

 

 We select the data ranges. In the cell “Hypothesized Mean Difference”, we enter the value 0 
as we assume that the daily catches are the same. We check labels and confidence level, select an 
output range and click “OK”. 
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 The results are displayed. We see that the mean of CPUE gillnets = 29.7, and for CPUE Hook 
and Line = 22.7. We also see that they are significantly different as the P values (one-tail and 
two-tail) are 0.0000. To see all the zeros, you have to format the cell. 

 

 Conclusion: The daily catches of gillnets and hook and line are different, and the two gear 
types should be separated in the sampling design. 

8.5.1.2 A second example 
Test equal variance. 
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Variance is not equal as P=0.003. To test if the means are equal, we have to use “T-test two-sample 
assuming unequal variances”. 

 

 Select: “t-test: two-sample assuming unequal variances”. 



101 
 

 

 

 Select data ranges, hypothesis, labels, confidence level and output range. Click “OK”. 

 

 Conclusion: Mean daily catch gillnets = 64.8; mean daily catch hook and line = 51.3. They 
are significantly different as P values < 0.05. 
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8.5.1.3 A third example 
Test for sample variance indicate that the variances are unequal. 

 

 Select: “t-test: two-sample assuming unequal variance”. 
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 Select data ranges, hypothesis, labels, confidence level and output range. Click “OK”. 
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 Conclusion: Daily catch of gillnets and hook and line are not significantly different (P=0.3 
one-tail; P=0.6 two-tail). 

8.5.2 Analyses of variance 
In its simplest form, analysis of variance (ANOVA) provides a statistical test of whether or not the 
means of several groups are all equal, and therefore generalizes Student’s two-sample T-test to more 
than two groups (Boxes 12 and 13). In other words, we can test whether three or more different types 
of gear have equal daily catches. 

BOX 12 
T-test and ANOVA 
A prerequisite of using a T-test or an ANOVA is that the data you compare are normally distributed. This has 
to be checked before a T-test or ANOVA is used. Another statistical test has to be used if the data are not 
normally distributed. 
BOX 13 
Basics of statistical tests 
Is the CPUE of gillnets in the north different from gillnets in the south? 

CPUE Gillnet north differs from CPUE Gillnet south 
Two gear groups  so t-test 
Step 1: Test if variance is equal 
H0: Variance CPUE north = Variance CPUE south 
Do F test for variance. 
P ≤ 0.05 Then H0 not correct  Variance not equal 
P > 0.05 Then H0 is correct  Variance equal 
Step 2: Do t-test if average CPUE north = average CPUE south 
Variance is equal  Do t-test assuming equal variance 
Variance is not equal  Do t-test unequal variance 
T-TEST (with equal or non-equal variance) 
H0: Averages are the same:  
H0: CPUE south = CPUE north 
P ≤ 0.05 H0 is not correct, CPUE not the same 
P > 0.05 H0 is correct, CPUE the same. 
ANOVA 
H0: CPUE of all gear groups are the same 
P ≤ 0.05, CPUE gear groups are not the same 
P > 0.05, CPUE gear groups are the same  

 

8.5.2.1 First example of ANOVA 
 You have a new data set with, in three columns, the CPUE of gillnets, hook and line, and 
traps. Go to the “Data” tab, click “Data analysis” and select “Anova: single factor”. 
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 Select your input range, the three columns, and indicate that the data is arranged in columns. 
If the first cell contains a name, then indicate labels, provide confidence level, and provide output 
range for the results. 

 

 The results are displayed. The mean CPUE for gillnets, hook and line, and traps are 
respectively 28.8, 21.7 and 7.7 kg/day. The P value is < 0.05, which indicates that the differences 
are significant. 
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8.5.2.2 Second example of ANOVA 
 In the results of the second example, the CPUE for gillnets, hook and line, and traps are 31.4, 
15.2 and 14.9 kg/day, respectively, and the differences are significant. However, be careful, in 
this case it means that gillnets are different from hook and line and from traps, but the daily 
catches of hook and line do not differ significantly from those of traps. To obtain the correct 
result, you have to carry out a t-test on the three different combinations: gillnet–hook and line, 
gillnet–traps, and hook and line–traps. 

 

8.6 EXERCISES 
 Do exercise “Module 7 Exercise 1 What is wrong?” in MsExcel. 
 Do exercise “Module 7 Exercise 2 Make a histogram” in MsExcel. 
 Do exercise “Module 7 Exercise 3 T test 1” in MsExcel. 
 Do exercise “Module 7 Exercise 4 T test 2” in MsExcel. 
 Do exercise “Module 7 Exercise 5 Anova 1” in MsExcel. 
 Do exercise “Module 7 Exercise 6 Anova 2” in MsExcel. 
 Do exercise “Module 7 Exercise 7 Anova 3” in MsExcel. 
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9. MODULE 8: DATA STORAGE 

Objective of the module: To provide an overview of different options for storing and analysing data. 

9.1 INTRODUCTION 
Decision-making for fisheries policy-making, planning and management relies largely on processed 
information, not raw data. Data have to be interpreted before they can be utilized. The volume of raw 
primary data is often very large, and can no longer be stored and analysed in spreadsheets. For effective 
storage and processing of fisheries data, a data base management system (DBMS) is essential. The 
functions of a DBMS are: 

 to ensure data conform to standard classifications; 
 to ensure validity of the data; 
 to ensure data integrity and internal consistency; 
 to secure and maintain primary data; 
 to allow easy access to primary data; 
 to process the data efficiently as required; 
 to allow different data sets to be integrated, thereby increasing their overall utility. 

 

A fundamental principle is to hold all data as they were collected, in their primary form. This allows 
flexibility in the way data can be processed (e.g. filtered, aggregated, transformed), and ensures that all 
calculations are reproduced from source data incorporating all revisions. Considering the considerable 
investment in data collection and low costs of storage and processing, there is little reason for not holding 
complete data in their primary form.  

It is important to stress this issue as existing routine data collection often originate from the 1980s, before 
personal computers became widely available. Those systems are paper-based, with data often aggregated at 
the landing sites. The aggregated data are then sent to a district office, where data for all landing sites in the 
district are further aggregated, and finally the aggregated data of the districts are sent to the headquarters in 
the capital city for analysis and dissemination. This system is fine for estimation of total catch and value to 
be published in a yearbook. However, throughout the process, details are lost, and the collected data can no 
longer be used to support fisheries management. 

9.2 DATABASE SYSTEMS 
A DBMS is a system software package that helps the use of integrated collection of data records and files 
known as databases (Figure 35). 
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FIGURE 35 
Collected data and the database 

 

A DBMS is a software package that enables you to store, modify and extract information from a collection 
of data records and files known as databases. 

Information technology is diverse and changing rapidly, so it is important to seek the most up-to-date 
advice before selecting a system or developing an application. Ideally, database developers should be 
involved in not just the data management, but also the sampling system. Although fisheries experts may be 
aware of computer technology, they should not be concerned with actual implementation of the database 
system. Similarly, computer professionals should not be concerned with developing a fishery sampling 
system. However, when the two activities occur at the same time, each can complement the other to mutual 
benefit, increasing the probability of a project’s success. 

There are many different types of DBMSs, ranging from small systems that run on personal computers to 
huge systems that run on mainframes or web-based system for multiple users. Each type of DBMS has its 
advantages and disadvantages, but these are not discussed here. 

This module provides some basic information on the contents/concept of a simple relational database 
system for sample-based fisheries surveys. 

9.3 DATABASE DESIGN 
A relational database matches data by using common characteristics found within the data set. A relational 
database consists of “Tables”, “Forms” and “Reports”. These three main components are linked by aid of 
“Relations” and “Queries”.  

Tables: are the containers of the data. 

Form: is a window or screen used to enter data in the tables. 

Report: is an output of the database. 
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Relationship: Through a relationship, two tables containing data obtained from groups with similar 
characteristics are matched, e.g. frame survey data of gillnets can be matched with CPUE data from the 
landing survey and with effort data from the effort survey. 

Queries: are the primary mechanism for retrieving information from a database and consist of questions 
presented to the database in a predefined format. 

Figure 36 presents the basic structure of tables and relationships of a simple database for sample-based 
fisheries surveys. On the left, the definition tables are presented. The definition tables contain the 
information for the: major strata; minor strata; landing sites; gear; and species. On the right are the tables 
containing the data collected through the frame survey, landing survey, effort survey, and species survey. 
The lines indicate the relationships, and the relationship allows us to make calculations using all 
interconnected tables through queries. 

FIGURE 36 
Set-up of a simple database for sample-based fisheries surveys 

 

9.3.1 Queries 
One of the major outputs of a database would be the monthly total catch by the different fishing units, 
using the generic formula shown in Section 7.5. 

Through a number of sequential queries, the total monthly catch by vessel type can be calculated 
(Figure 37). 
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FIGURE 37 
Definitions, tables and queries to estimate total catch 

 

Query 1: From the frame survey data, calculate the number of vessels, by type and by landing site 
(Figures 38 and 39). 

FIGURE 38 
Calculate number of fishing units at the landing sites 
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FIGURE 39 
The calculated number of fishing units by landing site 

 

 

Query 2: Calculate the BAC by vessel type and landing site (Figures 40 and 41). 

FIGURE 40 
Calculation of the boat activity coefficient (BAC) 
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FIGURE 41 
The estimated boat activity coefficient (BAC) 

 

 

Query 3: Calculate the average daily catch by vessel type (Figures 42 and 43). 

  



113 
 

 

FIGURE 42 
Calculate average CPUE 

 

FIGURE 43 
Estimated CPUE 

 

Query 4: Calculate average number of fishing days by vessel type (Figures 44 and 45). 
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FIGURE 44 
Calculate average number of fishing days 

 

FIGURE 45 
Estimated average fishing days 

 

 

Query 5: Calculate total catch – by combining the four queries and using the generic formula (Figures 46 
and 47): 
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FIGURE 46 
Calculating total catch 

 

FIGURE 47 
The estimated total catch by landing site, month and fishing unit 

 

 

Query 6: The last step is the estimation of the catch by fishing unit over the districts – the major strata 
(Figures 48 and 49). 
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FIGURE 48 
Calculate total catch by fishing unit over the districts 

 

FIGURE 49 
Calculated catch by district 

 

The above example is based on a straightforward simple sampling scheme. The database is made with 
“Queries” to illustrate the process. However, often, the results of sample-based surveys are a little more 
complex. 

Sample-based databases should be developed by database experts in full collaboration with the experts 
responsible for implementation of the surveys and analyses and dissemination of the results. The latter 
should provide requirements of the database system, and should understand the fundamentals of the 
database and ensure that the database programmers do not develop a “black box”. 

9.4 INTERNATIONAL STANDARDS AND CODING  
The results of the surveys will be disseminated/used nationally, regionally and globally. Therefore, it is 
important to take into account national, regional and international codes for exchange of information 
during the design of the database system in order to facilitate future exchange of information. The 
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Coordinating Working Party on Fishery Statistics (CWP) is the international organization dealing with 
international classification in fisheries statistics (Box 14; FAO, 2001–2014; Nédélec and Prado, 1990). 

BOX 14 
Coordinating Working Party on Fishery Statistics 

MISSION 
The Coordinating Working Party on Fishery Statistics (CWP) provides a mechanism to coordinate fishery 
statistical programmes of regional fishery bodies and other intergovernmental organizations with a remit 
for fishery statistics.  

MAIN FUNCTION 
Functional since 1960, the CWP’s purpose is to:  

 continually review fishery statistics requirements for research, policy-making and 
management;  
 agree on standard concepts, definitions, classifications and methodologies for the 
collection and collation of fishery statistics;  
 make proposals for the coordination and streamlining of statistical activities among 
relevant intergovernmental organizations. 

LEGAL FRAMEWORK 
Established by Resolution 23/59 of the FAO Conference under Article VI-2 of the Organization's 
Constitution at its Tenth Session in 1959. The Statutes of the CWP were amended and approved by the 
FAO Council at its Hundred and Eighth Session in June 1995. 

PARTICIPATING ORGANIZATIONS 
The CWP is composed of experts nominated by intergovernmental organizations that have a competence in 
fishery statistics. There are currently 19 participating organizations in the CWP:  

 Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR) 
 Commission for the Conservation of Southern Bluefin Tuna (CCSBT) 
 Food and Agriculture Organization of the United Nations (FAO) 
 General Fisheries Commission for the Mediterranean (GFCM) 
 Indian Ocean Tuna Commission (IOTC) 
 Inter-American Tropical Tuna Commission (IATTC) 
 International Commission for the Conservation of Atlantic Tunas (ICCAT) 
 International Council for the Exploration of the Sea (ICES) 
 International Whaling Commission (IWC) 
 Network of Aquaculture Centres in Asia-Pacific (NACA) 
 North Atlantic Salmon Conservation Organization (NASCO) 
 North East Atlantic Fisheries Commission (NEAFC) 
 Northwest Atlantic Fisheries Organization (NAFO) 
 Organisation for Economic Co-operation and Development (OECD) 
 Secretariat of the Pacific Community (SPC) 
 Southeast Asian Fisheries Development Center (SEAFDEC) 
 South East Atlantic Fisheries Organisation (SEAFO) 
 Statistical Office of the European Communities (Commission of the EU/Eurostat)  
 Western and Central Pacific Fisheries Commission (WCPFC) 

SECRETARIAT 
The FAO serves as the CWP Secretariat. The CWP meets in full session about every two years and carries 
out intersessional and ad hoc meetings as required. 
 
 

9.5 NATIONAL ADMINISTRATIVE CODING 
Major strata, e.g. the administrative layers, village coding, and landing sites, should always follow the 
coding of the national bureau of statistics. However, when possible it should also include the international 
coding of the Global Administrative Unit Layers (GAUL). 
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The GAUL (Box 15) is a spatial database of the administrative units for all the countries in the world. An 
FAO project, the GAUL always maintains global layers with a unified coding system at country, and first 
(e.g. regions) and second administrative levels (e.g. districts). In addition, where data are available, it 
provides layers on a country-by-country basis down to third, fourth and lower levels. 

BOX 15 
The Global Administrative Unit Layers (GAUL) 
The GAUL aims to compile and disseminate the most reliable geographic information on administrative 
units for all the countries in the world, thereby contributing to the standardization of the spatial data set 
representing administrative units. In this framework, its purposes are: 

 to overcome the fragmentation of the global data set occurring when administrative units 
layers are digitized on a country-by-country basis; 
 to keep historical track of changes occurring on the shapes and extent of the administrative 
units. 
 to promote a unified coding system that reduces maintenance efforts 
(www.fao.org/geonetwork/srv/en/main.home). 

 
 

9.6 CODE FOR GEAR AND VESSELS 
A common way to classify fishing gear and methods is based on the principles of how the fish or other 
prey are captured and, to a lesser extent, on the gear construction. 

Through the International Standard Statistical Classification of Fishing Gear, the CWP defines and 
classifies the main categories of fishing gear as follows: 

 surrounding nets (including purse seines); 
 seine nets (including beach seines and boat, Scottish/Danish seines)  
 trawl nets (including bottom: beam, otter and pair trawls, and mid-water trawls: otter and pair 

trawls); 
 dredges; 
 lift nets; 
 falling gear (including cast nets); 
 gillnets and entangling nets (including set and drifting gillnets; trammel nets); 
 traps (including pots, stow or bag nets, fixed traps); 
 hooks and lines (including hand lines, pole and lines, set or drifting longlines, trolling lines); 
 grappling and wounding gear (including harpoons, spears, arrows, etc.); 
 stupefying devices. 

 

The major CWP classifications for vessels and gear are presented in Appendixes 1 and 2.  

However, the CWP classification for vessels does not cover SSFs very well. Therefore, the 
recommendation here is to participate in, and make use of, the regional classification/harmonization 
initiatives of the CECAF, FCWC and/or SWIOFC. 

9.7 INTERNATIONAL FISH SPECIES CODES 
Most species have a common name, but this name varies depending on the languages spoken and/or the 
country. The same name can often be used for many species, as for commercial group categories, and its 
meaning may vary from place to place. Common names are not suitable for exchange of data. 

FAO has developed the International Standard Statistical Classification of Aquatic Animals and Plants 
(ISSCAAP; Box 16). This has two components; 

 a three-letter code (3-alpha code) based on the name, which is used at administrative level to report 
catches of commercial fish; 
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 a ten-10 character number, fixed field and hierarchical code. 
The codes are provided through the ASFIS list of species, which includes 10 900 species items selected 
according to their interest or relation to fisheries and aquaculture. For each species item stored in a record, 
codes (ISSCAAP group, taxonomic and 3-alpha) and taxonomic information (scientific name, author, 
family, and higher taxonomic classification) are provided. An English name is available for most of the 
records, and about one-third of them also have a French and Spanish name. 

BOX 16 
International Standard Statistical Classification of Aquatic Animals and Plants (ISSCAAP) and the 
ASFIS list 
The ISSCAAP code is assigned according to the FAO International Standard Statistical Classification for 
Aquatic Animals and Plants (ISSCAAP), which divides commercial species into 50 groups on the basis of 
their taxonomic, ecological and economic characteristics. FAO uses the taxonomic code for a more 
detailed classification of the species items and for sorting them within each ISSCAAP group. The 3-alpha 
identifier is a unique code made of three letters that is widely used for the exchange of data with national 
correspondents and among fishery agencies. 

Upon receipt for the first time of production statistics for a species item, the FAO Fisheries and 
Aquaculture Statistics and Information Branch (FIPS) has to assign new codes before entering the 
corresponding production data in the statistical databases. Moreover, FIPS often receives requests from 
national institutions and fishery commissions to provide 3-alpha codes to species items of local interest. In 
order to facilitate such processes, taxonomic and 3-alpha codes have been assigned to a broader number of 
species. Since 2000, the ASFIS list has been made available on the Internet to provide external users with a 
standardized codification system covering most of the species items related to fishery activities. 

CHARACTERISTICS OF THE LIST 
The ASFIS list (www.fao.org/fishery/collection/asfis/en) forms part of the ASFIS Reference Series, which 
includes among others also the Aquatic Science and Fisheries Abstracts (ASFA). The ASFIS list of species 
includes 10 900 species items. As there are more than 17 500 possible valid combinations of the 
26 characters of the English alphabet forming the 3-alpha code, the database can be further expanded using 
the same codification system. Only FAO-FIPS, being the manager of the list, can create or modify codes. 
Each species item stored in a record has an ISSCAAP code, a taxonomic code, a 3-alpha code, a scientific 
name, and taxonomic classification at family and a higher taxonomic level. About 76 percent of the records 
have an English name, 40 percent a French name, and 36 percent a Spanish name; only those of species 
items for which there are production statistics can be considered as official FAO names. Information is also 
provided about the availability of fishery production statistics on the species items in the FAO databases. 

CRITERIA ADOPTED 
The 10 900 species items have been selected according to their interest or relation to fisheries and 
aquaculture. Recent taxonomic revisions have been consulted in order to ensure use of the correct scientific 
names and taxonomic classification. This has allowed the identification of some scientific names and 
taxonomic codes used in the FAO fishery statistics databases that were no longer correct. However, this list 
has no authority on taxonomic matters, and specialized sources should be consulted to resolve uncertain 
cases. A pragmatic and conservative approach has been applied for uncertain cases for scientific and FAO 
names. Changes of scientific names and creation of new species proposed in the scientific literature by 
taxonomists will be included in the ASFIS list only when such changes have been recognized by the 
majority of taxonomists and are well consolidated among people dealing with fishery matters and, in 
particular, fishery statistics. For the most controversial cases, the ASFA database is consulted to verify 
whether a newly proposed scientific name has become of current use. In some cases, the taxonomic codes 
have not been modified according to recent taxonomic revisions as it would have entailed major changes in 
species items having statistics or because the relevant digits of the taxonomic code were not available. For 
some genera of scarce importance for fisheries and including many species, a single species has been 
selected and included in the list to assign a taxonomic code to the genus. 
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9.8 SAMPLE-BASED FISHERIES DATABASES / ARTFISH 
ARTFISH was introduced by FAO as a standard tool for storing and analysing data on SSFs. ARTFISH 
stands for “Approaches, Rules and Techniques for Fisheries statistical monitoring”. It has been developed 
as a standardized tool adaptable to fisheries in developing countries. Its design was driven by the need to 
provide users with robust user-friendly and error-free approaches with computer software, and achieve the 
implementation of cost-effective fishery statistical systems with minimal external assistance. 

The first ARTFISH system appeared in 1993 as an MS-DOS application. ARTFISH was re-written for 
Windows in 2000. Its present upgraded version was released in November 2007. The ARTFISH outputs 
consist of documents, guidelines, manuals, case studies, training kits and computer software. Its 
components are ARTBASIC for handling sample data and producing monthly estimates, and ARTSER for 
the integration of monthly estimates into annual databases. The basic variables involve catch, effort, 
CPUE, prices, values and average fish size. ARTFISH utilizes technology that increases user cognition and 
decreases training time. It also provides detailed statistical diagnostics on data quality and allows insights 
into the fisheries for which the data are being collected. 

In the early 1990s, database development was a specialized activity, and most fisheries departments in 
developing countries did not have the capacity to develop databases. ARTFISH filled that gap and allowed 
appropriate storage and analyses of SSF data in a number of countries. However, since the 1990s, database 
design has progressed, database software has become more user friendly, and the capacity to use database 
software has increased substantially in developing countries. ARTFISH has the disadvantage that it is not 
easy to adapt the software for local special conditions. Therefore, FAO has decided to develop and make 
available an open-source version of ARTFISH that can be adapted to any local requirements. The open-
source ARTFISH is currently being developed and should be available in 2015. 

9.9 FISHERIES INFORMATION SYSTEMS/METADATA 
The previous chapters have discussed simple database systems for SSFs. Often, fisheries line agencies 
want to make more information available for a wider public through the development of an FIS. Examples 
of FISs are:  

 http://map.seafdec.org/fis.php  
 www.st.nmfs.noaa.gov/fis/  
 www.fao.org/fishery/figis/en 

 

Such systems are often web-based and have as objectives:  

 to produce and distribute relevant datasets, indicators and information on the biological, economic 
and social dimension of fisheries for a wide user group; 

 to improve data management systems and access to data for a widespread public, and measures; 
 in the case of a regional FIS, to improve, harmonize and upgrade information from national 

fisheries statistical systems. 
 

As FISs can be highly complex, as are the FAO FIGIS and FIRMS system, they are not a topic for this 
training course. However, as it is probable that in the future you will be involved in the development of a 
national or regional FIS, the first requirement of development of an FIS, the metabase, is briefly discussed. 

An essential requirement for the development is a complete description of all data available. This is called 
a metabase: 

 A metabase (sometimes called a metadatabase or metadata repository) is a database for storing 
metadata (data that describe data) for a specific purpose. For example, a metabase might include 
metadata about all configuration information in a system gathered from a number of sources. It is a 
systematic description of data comparable with the cards in a library – you search the cards and you 
know where to find a certain book. A metabase does not contain the actual information. 
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Metadata is defined as data providing information about one or more other pieces of data, such as: 

 means of creation of the data; 
 purpose of the data; 
 time and date of creation; 
 creator or author of data; 
 placement on a network (electronic form) where the data was created; 
 what standards have been used. 

 

In the CECAF and SWIOFC areas, initiatives have started for the development of subregional FISs, and a 
standard format of the metabase inventories will be provided during this training course. 
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GLOSSARY 

Accuracy of estimates: An indicator of the closeness of an estimated population parameter to the actual 
population value. Accuracy is generally not known unless cross-checking procedures are conducted from 
time to time using other survey approaches. It should not be confused with precision. which measures the 
variability of the estimates and can always be computed from the samples. 

Active fishing days: Time extrapolating factor used in the estimation of total fishing effort. It is boat/gear-
specific and defined as the number of days in a reference period (e.g. a calendar month) during which 
fishing activities are “normal”. Usually, this variable is defined in reverse manner, that is by subtracting 
from the calendar days those days known for zero or negligible activity. Definition of active days is in 
itself a sample-based survey involving several sites and boat/gear types, but it is often specified at minor 
stratum level by means of empirical knowledge and/or information from the enumerators. 

Artisanal fisheries: Traditional fisheries involving fishing households (as opposed to commercial 
companies), using relatively small amounts of capital and energy, relatively small fishing vessels (if any), 
making short fishing trips, close to shore, mainly for local consumption. In practice, definition varies 
between countries, e.g. from gleaning or a one-person canoe in poor developing countries, to trawlers of 
more than 20 m, seiners or longliners in developed ones. Artisanal fisheries can be subsistence or 
commercial fisheries, providing for local consumption or export. Sometimes referred to as small-scale 
fisheries. See: Subsistence fishery. 

Base port: The port from which fishing units operate, irrespective of where they are registered (homeport). 
The differentiation between base ports and homeports occurs when fishing units migrate from the locations 
indicated by the frame survey to other sites, usually on a seasonal basis. 

Bias in estimates: Estimated population parameters that are systematically lower (negative bias) or higher 
(positive bias) than the actual population value. Biases are not traceable unless cross-checking parallel 
surveys are conducted from time to time. High precision is not an indication of unbiased estimates; in fact, 
extremely high precision (= very low variability in the samples) may well be associated with positively 
biased samples. 

Biomass: 1) The total weight of the living organisms concerned, whether in a system, a stock, or a fraction 
of a stock, e.g. plankton biomass in an area, biomass of spawners or of newly recruited fish. 2) Total 
weight of a resource, a stock, or a component of such stock. Examples: the biomass of all demersal fish on 
the Georges Bank; the biomass of the cod stock; the spawning biomass (i.e. the weight of mature females) 
(also standing stock). 

Boat activity coefficient (BAC): The proportion of fishing units that are expected to be fishing on any 
given day of the survey period. It is a sample effort parameter and usually expressed in percentage form. 

Boat day: A measure of fishing effort; e.g. 10 vessels in a fishery, each fishing for 50 days, would expend 
500 boat days of effort. 

Bycatch: Part of a catch of a fishing unit taken incidentally in addition to the target species towards which 
fishing effort is directed. Some or all of it may be returned to the sea as discards. 

Catch: 1) Any activity that results in killing any fish or bringing any live fish on board a vessel. 2) The 
component of fish encountering fishing gear that is retained by the gear. 

Catch per unit of effort (CPUE): The amount of catch that is taken per unit of fishing gear, e.g. number 
of fish per longline hook per month is one way to express CPUE. The CPUE can be used as a measure of 
the economic efficiency of a type of gear, but it is normally used as an index of abundance, i.e. a 
proportional change in CPUE is hoped to represent the same proportional change in abundance. Nominal 
CPUE is simply the measure of CPUE from the fishery. However, it is known that there are many factors 
(including economics, geographical distributions) that may affect CPUE but do not represent changes in 
abundance. Therefore, CPUEs are often “standardized” using a variety of statistical techniques to remove 
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the effect of those factors that are known not to be related to abundance. Thus, using the standardized 
CPUE will be more appropriate for an index of abundance. Most assessment analyses (production models, 
virtual population analyses) use the index of abundance data to fit or to calibrate (tune) the models. 

Census: A fisheries census is a survey in which the value of each variable for the survey area is obtained 
from the values of the variable in all reporting units, which are usually fishing households. The primary 
objective of a fisheries census is to provide a detailed classification of the fisheries structure of the country. 
It provides estimates for each household, and therefore, aggregate data for the smallest administrative, 
political or statistical subdivisions of the country and for classifications of households by size or other 
subgroups of interest. 

Data: Facts that result from measurements or observations. 

Database: A logically structured and consistent set of data that can be used for analysis. 

Database management system (DBMS): Application software that stores, maintains, locates and retrieves 
data for a database. 

Data flow: A representational tool that shows how information moves in an organization or process. 
Special symbols represent different types of data flow. 

Data set: A collection of data and accompanying documentation that relate to a specific theme (usually 
consisting of one or more computer-readable files on the same system). 

Data validation: Confirmation of the reliability of data through a checking process, usually involving 
information from an alternative source.  

Fisher: A person participating in a fishery (in preference to the previously used term “fisherman”). An 
individual who takes part in fishing conducted from a fishing vessel, platform (whether fixed or floating) 
or from the shore.  

Fishery: 1) The sum (or range) of all fishing activities on a given resource (e.g. a hake fishery or shrimp 
fishery). It may also refer to the activities of a single type or style of fishing (e.g. beach seine fishery or 
trawl fishery). The fishery can be artisanal or/and industrial, commercial, subsistence and recreational, and 
it can be annual or seasonal. 2) Activity of catching fish, from one or more stocks of fish, that can be 
treated as a unit for purposes of conservation and management and that is identified on the basis of 
geographic, scientific, technical, recreational, social or economic characteristics, and/or method of catch. 
See: Fishing. 

Fishery-independent: Characteristic of information (e.g. stock abundance index) or an activity (e.g. 
research-vessel survey) obtained or undertaken independently of the activity of the fishing sector. Intended 
to avoid the biases inherent to fishery-related data. 

Fish stock: The living resources in the community or population from which catches are taken in a fishery. 
Use of the term fish stock usually implies that the particular population is more or less isolated from other 
stocks of the same species and hence self-sustaining. See: Fishery resource 

Fishery management: The integrated process of information gathering, analysis, planning, decision-
making, allocation of resources and formulation and enforcement of fishery regulations by which the 
fishery management authority controls the present and future behaviour of interested parties in the fisheries 
in order to ensure the continued productivity of the living resources. 

Fishery resource: Any stock of aquatic living animals (except those specifically prohibited by law) that 
can be caught by fishing, and their habitat. 

Fishing: Any activity, other than scientific research conducted by a scientific research vessel, that involves 
the catching, taking or harvesting of fish; or any attempt to do so; or any activity that can reasonably be 
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expected to result in the catching, taking or harvesting of fish and any operations at sea in support of it 
(Modified from US Department of Commerce, 1996). 

Fishing effort: 1) The amount of fishing gear of a specific type used on the fishing grounds over a given 
unit of time, e.g. hours trawled per day, number of hooks set per day, or number of hauls of a beach seine 
per day. 2) The overall amount of fishing (usually per unit of time) expressed in units such as: boat days on 
the fishing ground, number of traps or trawl hauls, or gillnet length × soak time. The effort may be 
nominal, reflecting the simple total of effort units exerted on a stock in a given period. It may also be 
standard or effective when corrected to take account of differences in fishing power and efficiency and 
ensure direct proportionality with fishing mortality. Relates usually to a specific fishery and gear. If more 
than one gear is considered, standardization in relation to one of them is necessary. For biologists, a good 
measure of fishing effort should be proportional to fishing mortality. For economists, it should be 
proportional to the cost of fishing. 

Fishing industry: Includes recreational, subsistence and commercial fishing, and the harvesting, 
processing and marketing sectors. 

Fishing intensity: Effective fishing effort per unit area. It is proportional to fishing mortality.  

Fishing mortality: A mathematical expression of the rate of death of fish due to fishing. See: Natural 
mortality, Total mortality rate. 

Fishing vessel: Any vessel, boat, ship or other craft that is used for, equipped to be used for, or of a type 
that is normally used for, the exploitation of living aquatic resources or in support of such activity. This 
definition may include any vessel aiding or assisting one or more vessels at sea in the performance of any 
activity relating to fishing, including, but not limited to, preparation, supply, storage, refrigeration, 
transportation and processing (e.g. mother ships). 

Flag State: State having registered a vessel under the national flag. 

Fleet: The aggregation of units of any discrete type of fishing activity utilizing a specific resource. Hence, 
for example, a fleet may be all the purse seine vessels in a specific sardine fishery, or all the fishers setting 
nets from the shore in a tropical multispecies fishery. 

Frame survey: A complete description of the structure of the primary fishery sector, including an 
inventory of ports, landing places, number and type of fishing units (boats and gear), and a description of 
fishing and landing activity patterns, fish distribution routes, processing and marketing patterns, supply 
centres for goods and services, etc. 

Gear: Any tools used to catch fish, such as hook and line, trawls, gillnets, traps and spears. 

Geographic information system (GIS): An information system that stores and manipulates data that are 
referenced to locations on the earth’s surface, such as digital maps and sample locations. 

Georeferenced data: Data that are connected to a specific location on the earth’s surface. 

Home port: Refer to base port described above. Boat and gear activities are sampled from homeports or 
base ports, in contrast to catches and species composition, prices, etc., which are sampled at landing sites. 

Household: A basic unit for sociocultural and economic analysis. It includes all persons, kin and non-kin, 
who live in the same dwelling and share income, expenses and daily subsistence tasks. The concept of 
household is based on the arrangements made by persons, individually or in groups, for providing 
themselves with food or other essentials for living. A household may be either: (i) a one-person household, 
that is, a person who makes provision for his or her own food or essentials for living without combining 
with any other person to form part of a multiperson household; or (ii) a multiperson household, that is, a 
group of two or more persons living together who make common provision for food or other essentials of 
living. The persons in the group may pool their incomes and have a common budget to a greater or lesser 
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extent; they may be related or unrelated persons, or a combination of both. Households usually occupy the 
whole, part of, or more than one housing unit but they may also be found living in camps, boarding houses 
or hotels, or as administrative personnel in institutions, or they may be homeless. Households consisting of 
extended families that make common provision for food or of potentially separate households with a 
common head, resulting from polygamous unions, or households with vacation or second homes may 
occupy more than one housing unit. Homeless households are defined as those households without a 
shelter that would fall within the scope of living quarters. A household also includes those persons who 
normally reside with the other members of the household but are away temporarily (for less than one year), 
e.g. full-time students or those engaged in seasonal migratory labour. 

Index of abundance: A relative measure of the abundance of a stock, e.g. a time series of CPUE data. 

Indicator: A variable, pointer, or index. Its fluctuation reveals the variations in key elements of a system. 
The position and trend of the indicator in relation to reference points or values indicate the present state 
and dynamics of the system. Indicators provide a bridge between objectives and action (FAO. 1999. 
Indicators for sustainable development of marine capture fisheries. FAO Technical Guidelines for 
Responsible Fisheries No. 8).  

Information system: A structured set of processes, people and equipment for converting data into 
information. 

Landing: Weight of the catch landed at a wharf or beach. 

Landing price: Price for a product at the landing point, not taking account of any transportation or 
handling costs. Equivalent to the “farmgate” price for aquaculture.  

Landing site: Location at which boats land their catch. A landing site may be the same as the homeport or 
base port but it can also be different. Boat and gear activities are sampled from homeports or base ports, in 
contrast to catches and species composition, prices, etc., which are sampled at landing sites. 

Limit reference point (LRP): Indicates the limit beyond which the state of a fishery and/or a resource is 
not considered desirable. Fishery development should be stopped before reaching it. If an LRP is 
inadvertently reached, management action should severely curtail or stop fishery development, as 
appropriate, and corrective action should be taken. Stock rehabilitation programmes should consider an 
LRP as a very minimum rebuilding target to be reached before the rebuilding measures are relaxed or the 
fishery is re-opened. See: Reference point, Target reference point. 

Logbook: A record of the fishing activity registered systematically by the fisher, including catch and its 
species composition, the corresponding effort, and location. In many fisheries, completion of logbooks is a 
compulsory requirement of a fishing licence.  

Low-value fish (trash fish): Fish with little or no commercial value and not sorted by species before 
landing. Usually part of the trawlers’ bycatch. It can be used for aquaculture, fishmeal production and, in 
many developing countries, for human consumption.  

Major stratum: Conventional name describing various types of population groupings that are already in 
place and imposed on a data collection programme. They constitute standard aggregating levels of derived 
estimates for reporting purposes. Estimates are always produced at minor stratum and not at major 
stratum level.  

Management objective: A formally established, more-or-less quantitative target that is actively sought 
and provides a direction for management action. For example, achieving a 40 percent reduction in fleet 
capacity, or ensuring a competitive income for individual fishers.  

Minor stratum: Conventional name describing various types of logical population partitioning into 
homogeneous population subsets defined by the survey planner with the purpose of increasing the 
precision of estimated population parameters. Estimates are always produced at minor stratum level.  
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Monitoring: The collection of information for the purpose of assessment of the progress and success of a 
land-use (or fishery management) plan. Monitoring is used for the purpose of enforcement and of revising 
the original plan, or to gather information for future plans.  

Nationality of catch: The flag of the vessel performing the essential part of the operation catching the fish 
should be considered the paramount indication of the nationality assigned to the catch data, and this 
indication should be overridden only when one of the following arrangements between a foreign flag 
vessel and the host country exists: (i) the vessel is chartered by the host country to augment its fishing 
fleet; or (ii) the vessel fishes for the country by joint venture contract or similar agreements (as opposed to 
the ad hoc practice of a vessel selling catches to a foreign vessel or landing catches at a foreign port) and 
the operation of such vessel is an integral part of the economy of the host country. When governments 
negotiate joint ventures or other contracts in which vessels of one country land their catches at ports of 
another country or unload their catches to vessels of another country and one of the above-mentioned 
criteria is applicable, the assignment of nationality to such catches and landings data should be specified in 
the agreement.  

Nominal catch: The sum of the catches that are landed (expressed as live weight equivalent). Nominal 
catches do not include unreported discards and may differ considerably from the actual catch.  

Observer: Any certified person serving in the capacity of an observer employed by the management 
authority, either directly or under contract. Usually embarked on large fishing vessels (principally but not 
exclusively foreign vessels), observers are responsible for monitoring fishing operations (e.g. areas fished, 
fishing effort deployed, gear characteristics, catches and species caught, discards. They may or may not be 
part of the enforcement system.  

Observer data: Fisheries information collected on board fishing vessels by independent observers. 

Performance: Accomplishment; fulfilment; functioning, usually with regard to effectiveness. Indicators of 
performance will be interpreted in relation to reference points and objectives.  

Policy: The course of action for an undertaking adopted by a government, a person or another party. 
Instruments that exist to support policy and tools used to achieve policy objectives comprise some or all of 
the following: societal instruments, economic and command and control instruments, direct government 
involvement, and institutional and organizational arrangements. Although law may be used as a policy 
instrument, there are cases where law may impose constraints on what policies may be adopted. For 
example, if a State’s constitution states that the shore is the patrimony of the nation or requires the payment 
of compensation for the expropriation of the land, this would restrict the policies that could be adopted for 
integrated coastal area management. 

Precautionary approach: 1) Set of measures taken to implement the precautionary principle. 2) A set of 
agreed cost-effective measures and actions, including future courses of action, that ensures prudent 
foresight, reduces or avoids risk to the resource, the environment, and the people, to the extent possible, 
and takes explicitly into account existing uncertainties and the potential consequences of being wrong.  

Reference point: 1) An estimated value derived from an agreed scientific procedure and/or model that 
corresponds to a specific state of the resource and of the fishery, and that can be used as a guide for 
fisheries management. Reference points may be general (applicable to many stocks) or stock-specific. 2) A 
reference point indicates a particular state of a fishery indicator corresponding to a situation considered as 
desirable (Target reference point) or undesirable and requiring immediate action (Limit reference 
point).  

Resources: Biological resources include genetic resources, organisms or parts thereof, populations or any 
other biotic component of ecosystems with actual or potential use of value for humanity. Fishery resources 
are those resources of value to fisheries.  

Responsible fisheries: The concept “encompasses the sustainable utilisation of fishery resources in 
harmony with the environment; the use of capture and aquaculture practices which are not harmful to 



130 
 

 

ecosystems, resources and their quality; the incorporation of added value to such products through 
transformation processes meeting the required sanitary standards; the conduct of commercial practices so 
as to provide consumers access to good quality products” (International Conference on Responsible 
Fishing, Cancun, Mexico, 1992). 

Round weight: The weight of the whole fish before processing or removal of any part. 

Sample design: The sample design of a sample survey refers to the techniques for selecting a probability 
sample and the methods to obtain estimates of the survey variables from the selected sample. 

Spawning stock: Mature part of a stock responsible for reproduction. 

Spawning stock biomass (SSB): The total weight of all sexually mature fish in the population(both males 
and females). This quantity depends on the abundance of year classes, the exploitation pattern, the rate of 
growth, both fishing and natural mortality rates, the onset of sexual maturity, and environmental 
conditions. 

Species group: Group of species considered together, often because they are difficult to differentiate 
without detailed examination (very similar species) or because data for the separate species are not 
available (e.g. in fishery statistics or commercial categories). 

Stakeholders: A large group of individuals and groups of individuals (including governmental and non-
governmental institutions, traditional communities, universities, research institutions, development 
agencies and banks, donors, etc.) with an interest or claim (whether stated or implied) that has the potential 
of being affected by, or having an impact on, a given project and its objectives. Stakeholder groups that 
have a direct or indirect stake can be at the household, community, local, regional, national, or 
international levels. 

State of the stock: An appreciation of the situation of a stock, often expressed as: protected, underfished, 
intensively fished, fully fished, overfished, depleted, extinct or commercially extinct.  

Stock: 1) In theory, a unit stock comprises all the individuals of fish in an area that are part of the same 
reproductive process. It is self-contained, with no emigration or immigration of individuals from or to the 
stock. On practical grounds, however, a fraction of the unit stock is considered a “stock” for management 
purposes (or a management unit) provided that the results of the assessments and management remain 
close enough to what they would be on the unit stock. 2) A group of individuals in a species occupying a 
well-defined spatial range independent of other stocks of the same species. Random dispersal and directed 
migrations due to seasonal or reproductive activity can occur. Such a group can be regarded as an entity for 
management or assessment purposes. Some species form a single stock (e.g. southern bluefin tuna) while 
others are composed of several stocks (e.g. albacore tuna in the Pacific Ocean comprises separate northern 
and southern stocks). The impact of fishing on a species cannot be determined without knowledge of this 
stock structure. 

Stock assessment: The process of collecting and analysing biological and statistical information to 
determine changes in the abundance of fishery stocks in response to fishing, and, to the extent possible, to 
predict future trends of stock abundance. Stock assessments are based on resource surveys; knowledge of 
the habitat requirements, life history, and behaviour of the species; the use of environmental indices to 
determine impacts on stocks; and catch statistics. Stock assessments are used as a basis to assess and 
specify the present and probable future condition of a fishery. 

Straddling stock: Stock that occurs both within an exclusive economic zone (EEZ) and in an area beyond 
and adjacent to an EEZ (Article 63(2) of UNCLOS).  

Subsistence fishery: A fishery where the fish caught are consumed directly by the families of the fishers 
rather than being bought by intermediaries and sold at the next larger market.  
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Survey design: The overall survey design of a probability survey refers to the definitions and the 
established methods and procedures concerning all phases needed for conducting the survey: the sample 
design; the selection and training of personnel; the logistics involved in the management of the field force 
and the distribution and receipt of survey questionnaires and forms; and the procedures for data collection, 
processing and analysis. 

Sustainable use: The use of components of biological diversity in a way and at a rate that does not lead to 
the long-term decline of biological diversity, thereby maintaining its potential to meet the needs and 
aspirations of present and future generations. 

Sustainable yield: The number or weight of fish in a stock that can be taken by fishing while maintaining 
the stock’s biomass at a steady level from year to year, assuming that environmental conditions remain the 
same. Sustainable yields can take all sorts of values from very low in underfished or overfished fisheries to 
very high in properly fished ones. Difficult to achieve in practice owing to environmental fluctuations. 

Target species: Those species that are primarily sought by the fishers in a particular fishery. The subject of 
directed fishing effort in a fishery. There may be primary as well as secondary target species. 

Transshipment: Act of transferring the catch from one fishing vessel to either another fishing vessel or to 
a vessel used solely for the carriage of cargo. 

Variable: Anything changeable. A quantity that varies or may vary. Part of a mathematical expression that 
may assume any value (Compton’s Encyclopaedia, 1995). 

Vessel monitoring system (VMS): A VMS provides monitoring agencies with accurate locations of 
fishing vessels that are participating in the VMS. It tells the monitoring agency see new guidelines. 

Yield: Catch in weight. Catch and yield are often used interchangeably. 
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COORDINATING WORKING PARTY ON FISHERY STATISTICS (CWP) – FISHING VESSELS BY VESSEL TYPE 

 

Fishing Vessels by Vessel Types 
Bateaux de Pêche par Types de Bateaux 

Embarcaciones de Pesca por Tipo de Embarcación 
 

 
 
Code 

Código FISHING VESSELS BATEAUX DE PECHE EMBARCACIONES 
   DE PESCA 
 
01.00 TRAWLERS CHALUTIERS ARRASTREROS 
 
 Factory Trawlers Chalutiers usines Arrastreros factoría 
 Freezer Trawlers Chalutiers congélateurs Arrastreros congeladores 
 Wet-fish Trawlers Chalutiers pêche fraîche Arrastreros pescado fresco 
 Outrigger Trawlers Chalutiers à tangons Arrastreros de tangones 
 Beam Trawlers Chalutiers à perche Arrastreros de vara 
 Trawlers nei Chalutiers nca Arrastreros, nep 
 
 
02.00 PURSE SEINERS SENNEURS A SENNE COULISSANTE CERQUEROS CON JARETA 
 
 Tuna Purse Seiners Thoniers-senneurs Cerqueros-atuneros 
 Purse seiners nei Senneurs à senne coulissante nca Cerqueros con jareta, nep 
 
 
03.00 OTHER SEINERS AUTRES SENNEURS OTROS CERQUEROS 
 
 Seine Netters Senneurs à senne de fonde Cerqueros sin jareta 
 Seiners nei Senneurs nca Cerqueros, nep 
 
04.00 GILL NETTERS TREMAILLEURS EMBARCACIONES CON 
   REDES DE ENMALLE 
 
05.00 TRAP SETTERS BATEAUX POUR PIEGES EMB. CON TRAMPAS 
 
 Pot vessels Caseyeurs Embarcaciones con nasas 
 Trap setters nei Bateaux pour pièges nca Emb. con trampas, nep 
 
 

Code 

Código FISHING VESSELS BATEAUX DE PECHE EMBARCACIONES 
   DE PESCA 
 
06.00 LONG LINERS PALANGRIERS PALANGREROS 
 
 Freezer Long Liners Palangriers congélateurs Palangreros congeladores 
 Factory Long Liners Palangriers usines Palangreros factoría 
 Wet-fish Long Liners Palangriers pêche fraîche Palangreros pescado fresco 
 Long Liners nei Palangriers nca Palangreros, nep 
 
07.00 OTHER LINERS AUTRES LIGNEURS OTRAS EMB. CON LINEA 
 
 Jigging Line vessels Ligneurs à turluttes Emb. con calamareras 
 Handliners Ligneurs à ligne à main Emb. con línea de mano 
 Pole and Line vessels Canneurs Emb. con caña y línea 
 Trollers Ligneurs à lignes de traîne Curricaneros 
 Liners nei Ligneurs nca Emb. con línea, nep 
 
08.00 MULTIPURPOSE VESSELS BATEAUX POLYVALENTS EMB. POLIVALENTES 
 
 Trawlers-purse seiners Chalutiers-senneurs Arrastreros - cerqueros 
 Multipurpose vessels nei Bateaux polyvalents nca Emb. polivalentes, nep 
 
09.10 DREDGERS DRAGUEURS RASTREROS 
 
  9.00 OTHER FISHING VESSELS AUTRES BATEAUX DE PECHE OTRAS EMB. DE PESCA 
 
 Lift netters Bateaux pêchant au filet soulevé Emb. con redes de izado 
 Lift net. using boat operated net Bateaux manoeuvrant un filet soulevé Emb. con una red de izado 
 Lift netters nei Bateaux filets soulevés nca Emb. con redes de izado, nep 
 Vessels using pump for fishing Bateaux pêchant à l'aide de pompes Emb. con bombas de absorción 
 Platforms for mollusc culture Barges pour l'aquaculture (mollusques) Balsas para acuic. de moluscos 
 Recreational fishing vessels Bateaux de pêche sportive Emb. para pesca deportiva 
 Fishing vessels nei Bateaux de pêche nca Embarcaciones de pesca, nep 

  
 
 
 
Please note: The above list has been prepared to assist the reporting authority in 
identifying the correct vessel type to assign to each vessel. 
Veuillez noter: La liste ci-dessus a été établie pour aider les autorités chargées de 
communiquer les statistiques à le type de bateau auquel correspond chaque bateau. 
Nota: La lista que procede se ha preparado para ayudar a la autoridad 
informante a determinar el tipo de embarcación correcto que habrá de asignarse a cada 
embarcación. 
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APPENDIX 2 
 

INTERNATIONAL STANDARD STATISTICAL CLASSIFICATION OF FISHING GEAR 
(ISSCFG) 

 

Draft proposal for a revised ISSCFG 
International Standard Classification of Fishing Gears (ISSCFG) 

(Rev 4 21 October 2010) 
(Numerical codes to be reviewed) 

 
  Gear Categories Standard 

abbreviations 
 
 

(new) 

ISSCFG 
code 
(current)

SURROUNDING NETS  01 01.0.0 

Purse seines  PS 01.1 01.1.0 

Surrounding nets without purse lines LA 01.2 01.2.0 

Surrounding nets (nei) SUX 01.9  

SEINE NETS  02 02.0.0 

Beach seines SB 02.1 02.1.0 

Boat seines SV 02.2 02.2.0 

Seine nets nei SX 02.9 02.9.0 

TRAWLS  03 03.0.0 

Beam trawls TBB 03.11 03.1.1 

Single boat bottom otter trawls OTB 03.12 03.1.2 

Twin bottom otter trawls OTT 03.13 03.3.0 

Multiple bottom otter trawls OTP 03.14  

Bottom pair trawls PTB 03.15 03.1.3 

Bottom trawls (nei)  TB 03.19 03.1.9 

Single boat midwater otter trawls  OTM 03.21 03.2.1 

Midwater pair trawls PTM 03.22 03.2.2 

Midwater trawls (nei)  TM 03.29 03.2.9 

Semipelagic trawls TSP 03.3  

Trawls (nei) TX 03.9 03.9.0 

DREDGES  04 04.0.0 

Towed dredges DRB 04.1 04.1.0 

Hand dredges DRH 04.2 04.2.0 

Mechanized dredges  DRM 04.3  

Dredges (nei) DRX 04.9  

LIFT NETS  05 05.0.0 

Portable lift nets LNP 05.1 05.1.0 

Boat-operated lift nets LNB 05.2 05.2.0 

Shore-operated stationary lift nets LNS 05.3 05.3.0 

Lift nets (nei) LN 05.9 05.9.0 

FALLING GEAR  06 06.0.0 

Cast nets FCN 06.1 06.1.0 
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  Gear Categories Standard 
abbreviations 

 
 

(new) 

ISSCFG 
code 
(current) 

Cover pots/Lantern nets FCO 06.2 06.2.0 

Falling gear (nei) FG 06.9 06.9.0 

GILLNETS AND ENTANGLING NETS  07 07.0.0 

Set (find better term) gillnets (anchored) GNS 07.1 07.1.0 

Drift gillnets GND 07.2 07.2.0 

Encircling gillnets GNC 07.3 07.3.0 

Fixed (find better term) gillnets (on stakes) GNF 07.4 07.4.0 

Trammel nets GTR 07.5 07.5.0 

Combined gillnets-trammel nets GTN 07.6 07.6.0 

Gillnets and entangling nets (nei) GEN 07.9 07.9.0 

TRAPS  08 08.0.0 

Stationary uncovered pound nets FPN 08.1 08.1.0 

Pots FPO 08.2 08.2.0 

Fyke nets FYK 08.3 08.3.0 

Stow nets FSN 08.4 08.4.0 

Barriers, fences, weirs, etc. FWR 08.5 08.5.0 

Aerial traps FAR 08.6 08.6.0 

Traps (nei) FIX 08.9 08.9.0 

HOOKS AND LINES  09 09.0.0 

Handlines and hand-operated  
pole-and-lines 

LHP 09.1 09.1.0 

Mechanized lines and pole-and-lines LHM 09.2 09.2.0 

Set longlines LLS 09.31  

Drifting longlines LLD 09.32  

Longlines (nei) LL 09.39  

Vertical lines LVT 09.4 09.4.0 

Trolling lines LTL 09.5 09.5.0 

Hooks and lines (nei) LX 09.9 09.9.0 

MISCELLANEOUS Gears  10 10.0.0 

Harpoons HAR 10.1 10.1.0 

Hand implements (Wrenching gear, Clamps, Tongs, Rakes,  
Spears) 

MHI 10.2 10.2.0 

Pumps MPM 10.3 10.3.0 

Electric fishing MEL 10.4 10.4.0 

Pushnets MPN 10.5 10.5.0 

Scoopnets MSP 10.6 10.6.0 

Drive-in nets MDR 10.7 10.7.0 

Diving MDV 10.8 10.8.0 

Gear nei MIS 10.9 10.9.0 

GEAR NOT KNOWN  99  

Gear not known NK 99.9 99.9.0 
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