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Objectives of the session

 Sample design

 Calculate optimal sample size (regarding tolerated error)

 Allocate your sample regarding inter-strata variability
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1. Introduction
Generic Statistical Business Process Model
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1. Introduction

 Data collection process
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1. Building data collection and sampling strategy

Specify your objectives and needs

1. What are your objectives?

 Production data for policy maker

 Stock assessment

 Resource management

2. Define your needs

 Estimate total catch by species (target and bycatch), by month, by gear, by site…

 Estimate fishing effort

 Estimate number of vessels

 Estimate total of discard

 Collect size frequency, or other biological data or samples

 Estimate accidental catch of ETP species
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1. Building data collection and sampling 

strategy

3. Identify variables and indicators = 2nd step of the design of a data collection 

system

4. Designing a sampling scheme

 A wide variety of approaches/methods can be used to collect the variables, but  in 

data collection a clear distinction should be made between “routine data 

collection” and  “adhoc/scientific surveys” . 

 Routine data collection systems should be robust and simple and can provide the 

basic long-term data series on catch, effort, major species and price/value

5. Additional information, such as: Length frequencies, biomass, biodiversity, 

state of the ecosystem, stock status, socio economics, livelihoods, households 

could be covered through separate monitoring programmes or 

“adhoc/scientific surveys”. 
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1. Building data collection and sampling strategy

Designing a sampling scheme

 With limited human and financial capacity, the long-term sustainability of 

small-scale fisheries routine data collection systems can only be guaranteed 

by focusing on the basics and applying appropriate statistical approaches.

 Reliable statistics or collection of data requires the establishment of a 

permanent system which may be modified over time to adapt to changing 

circumstances and objectives
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2. Sampling design and sampling plan

Sampled sites selection
 Random sampling is rarely easy to implement:

 Various constraints

 Field reality

 Important points

 Focus on bigger landing sites

 Sample fleet with biggest catch

 Include species with high catch and/or high value

 Verify your sample is representative of the population you want to study

 Compare your sample composition with your population composition

 Make sure all strata are correctly sampled

 Define your data analyse in parallel
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2. Sampling design and sampling plan

Sampled sites selection

 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/gear 

type will indicate the relative importance of sites (i.e. very important, important, 

less important, etc.). Sampling sites should represent boat/gear types involved in 

the survey.
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2. Sampling design and sampling plan

Sampled sites selection 

 No preliminary data available

 We use a cautionary approach. During the first year of sampling this type of information 
will become available, and therefore it is recommended to cover all different types of 
landing sites and within each stratum the samples could be allocated proportionally to 
the size of the landing sites. Or you use the more cautious approach of Stamatopoulos 
(2002) (1).

 Preliminary data available

 Selection of landing sites is straightforward, if sample sizes for the different strata are 
determined with preliminary available data and application of relative error. 

 If, however, funds and staff are available to cover more landing sites then you could do, 
as this minimise risk of sampling errors.
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2. Sampling design and sampling plan

Sampled sites selection

 Good accuracy levels can be achieved at relatively small sample sizes, 

provided that the samples are representative of the population. 

 If there are no differences in CPUE for small and large landing sites then only 

large landing sites are sampled.

 Beyond a certain sample size the gains in accuracy are negligible, while 

sampling costs increase significantly. 
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2. Sampling design and sampling plan

Stratification definition

 Minimal stratification level = Fishing unit

 A Fishing Unit is a group of fishing vessels practicing 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:

 Defining the Fishing Units  for small scale fisheries is often straightforward. 

However, multi gear use in small scale fisheries should be taken care of. 

 If gears are changed within the season then a fleet segment is split up in a 

number of operational units (Table next slide). This means that the number of 

operational units can be more as the total number of canoes in the frame 

survey! 
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2. Sampling design and sampling plan

Data collection requirements

 4 main components:

 CPUE      -> sampling            what, where, when ?

 Active vessels   -> complete enumeration (registry or frame 

survey)

 Active days    -> information collected at landing sites 

       (fishers, neighbour)

 Activity coefficient  -> sampling  what, where, when ?

 Additional component: biological data

IOTC Species identification and sampling workshop, 2005

=> Sampling in 

space and time is 

the most efficient 



2. Sampling design and sampling plan

Accuracy and precision in sampling

 Precision

Precision describes the closeness of repeated measurements of the 
same quantity. Precision examines how well-clustered around the mean 
the sample observations are. Note its relation to the confidence interval 
(upper and lower limits).
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2. Sampling design and sampling plan

Accuracy and precision in sampling

 Accuracy

Closeness of measured or computed value to its true target population value. Accuracy 
examines whether the estimate mean is close to the true population parameter. A 
sample that gives an inaccurate estimate is called a BIASED SAMPLE.

ACCURACY = PRECISION + BIAS
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2. Sampling design and sampling plan

Accuracy and precision in sampling

 Sample estimates can be precise but not 

accurate

 Do you know an example of this?
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2. Sampling design and sampling plan

Avoid bias of sample estimates

 Bias is the tendency for sample estimates 

to centre upon a value that is different 

from the true value, as data accumulate

 In many cases bias is the result of 

systematic errors in the sampling (e.g., 

repeated sampling of the same vessels).

 IMPORTANT: biased data may produce 

inaccurate but precise estimates.
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Potential bias in landing surveys (catch 

and effort)

In practice, it is not easy to implement full random sampling at landing sites: 

 Enumerators may prefer to work with vessel captains who are cooperative, etc., 
which means the same vessels are repeatedly selected (non-random selection of 
vessels).

 Vessels often land their catch very early in the morning or late in the evening - 
when enumerators are not present. Similarly, enumerators may visit the landing 
site on the same day, at the same time.  

 When boats land within a short period, enumerators may tend to sample those 
with a small catch in order to cover as many landings as possible.

 If landings occur over longer periods and recorders must visit other sites during 
the day, only the first landings at the first site will be sampled. 

 *** All can lead to systematic bias in type of vessels (and the associated 
catches/species composition of landings) that are sampled ***
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Potential bias in biological surveys

Other case studies: biological sampling

1. Data collectors tending to choose larger fish size (self-selection, non-random 

samples).

2. Catches that are unloaded may already be sorted in size and quality.  

 Sampling protocols based on the sampling of the first 20 fish, for example, would 

therefore be unrepresentative of the length frequencies of total catches unloaded.

 Adjusting the sampling protocols (e.g., sampling nth fish based on a random 

number generator) will ensure the data are more representative.
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3. Sample size

Determining the total samples required

Two approaches are possible, depending on the data we have available prior to sampling:

1. Preliminary data are available for the different fishing units and minor strata.

➢ Usually obtained from a pilot study, prior to sampling.

2. Only frame survey and structural data are available.

IOTC Species identification and sampling workshop, 2005



Bias of sample estimates

 Biased estimates may be found to be systematically above or below the true 
(but unknown) population value - generally because they are derived from 
samples that are not representative of the true population.

 Bias is not easily detectable, and at times not detectable at all.

 Consequently, users may be unaware of the problem since they also do not 
know the true population value.

 To minimise the risk of bias requires effective design and monitoring of 
sampling in the field.  

 Local knowledge of the characteristics of the fisheries + well trained (and 
well motivated!) enumerators is equally as important as applying the principle 
of sampling theory.
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Role of staff – OFFICE

 Primary data collected by field staff are requires an appropriate statistical 

office infrastructure

 Responsibilities and functions of statistical office staff:

 Designing and planning of fishery surveys activities  (implementation scheduling, 

training, equipment and logistics support)

 Coordinating and monitoring field and office activities 

 Data processing (compiling and reviewing primary data obtained from the field, 

data checking, editing, correcting and analysing data)

 Reporting results of data analysed to stakeholders
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Role of Staff – FIELD

 The field staff are the data collectors and their supervisors. They are the 

primary interface between fishers (and also aquaculture-practicing 

households) and fisheries management

 They collect and submit data to the fishery statistical office for further 

processing

 The important role of the field staff involved in data collection can be 

summarized as follows:

➢ Winning and maintaining cooperation of respondents 

➢ Ensuring quality of data by correctly carrying out instructions on data collection 

received in regular training

➢ Providing feedback to office for evaluation
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3. Sample size

Method 1: Preliminary data are available

 If preliminary data are available, the total number of samples required for sampling 
can be estimated using the relationship between the relative error (in the preliminary 
samples) and sample size.

 The relative error is set by the survey designer and is expressed in percentages 
(usually set at around 10%).  It represents the tolerable level of relative error.

IOTC Species identification and sampling workshop, 2005



3. Sample size

Method 1: Preliminary data are available

 The relative error formula requires some prior knowledge of the population 
variance/standard deviation and mean - from preliminary data

Relative error is: 𝜀 =
𝐶𝐿

ҧ𝑥
=

𝑡𝑛−1𝑠

𝑛 ҧ𝑥

 In the equation we see 𝜀 on the left and, the square root of the sample size (n) on the 
right  n.

 With some mathematic manipulation we can swap them (‘change of subject’) and the 
number of samples needed can be estimated with:

𝑛 =
𝑡𝑛−1𝑠

𝜀 ҧ𝑥

2
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3. Sample size

Method 1: Preliminary data are available

 The value of n can be obtained, graphically or through iteration.

 ϵ is calculated for a range of values of n until the n value where ϵ approaches the 
tolerated value (10%) is found.
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3. Sample size

Method 1: Preliminary data are available

 To monitor this fleet correctly, a total of 190 canoes per month must be 

sampled. The results also clearly illustrate that the total number of canoes of 

each fishing unit has a limited influence on the number of samples needed. 

 There is no large difference in the number of samples needed, whether the 

target population (sub-population) includes 6,000 vessels or 1000 vessels.

➢ What is more important is the variance within each strata, as expressed by 

the coefficient of variation. 

IOTC Species identification and sampling workshop, 2005

Canoe type No of canoes Avg daily 
catch 

STD daily 
catch 

Coefficient of 
variation (%) 

No of samples 
for 10 % 
error 

Large, purse 
seines 

1000 125 45 36.0 51 

Large,  hook 
and line 

3500 90 17 18.9 18 

Small, gill 
nets 

6000 18 6 33.3 44 

Small, traps 1500 9 4 44.4 77 
 

Total number of samples required for 10% error = 190



3. Sample size

Method 2: No preliminary data are available

IOTC Species identification and sampling workshop, 2005

Sampling requirement at 

various accuracy level 

and data population size 

for boat activity survey



3. Sample size

Method 2: No preliminary data are available

 Sampling requirement 

at various accuracy 

level and data 

population size for 

landings survey
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Sample size exercise

Practical and operational recommendations:

 Sample 8 to 12 days a month per site

 Effort survey require more sample than landings survey

 At least 32 landings sampled by stratum

 If no previous data available:

 cover all different types of landing sites; 

 within each stratum the samples could be allocated proportionally to the size of 

the landing sites. 
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4. Sample allocation

 How to distribute your sampling effort? For a certain target samples number.

 3 methods

 Proportional allocation (when not previous data are available)

number of samples for each stratum is simply proportional to the total number of units of each stratum.

 Neyman allocation

or “optimum stratified sampling equation”: it uses the assumption that larger strata required larger 
sample and strata with hight large dispersion (= high standard deviation). To calculate it, variables or 
indicators of interest must be known from previous years.

 Coefficient of Variation allocation

it considers that the higher the variability of the strata is the bigger the sample must be. To calculate it, 
variables or indicators of interest must be known from previous years too.

IOTC Species identification and sampling workshop, 2005



Proportional allocation

Proportional allocation: number of samples for each stratum is simply 

proportional to the total number of units of each stratum.

𝑆𝑡𝑟𝑎𝑡𝑢𝑚 𝑠𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒 =  𝑀𝑎𝑥. 𝑁𝑜. 𝑠𝑎𝑚𝑝𝑙𝑒𝑠
𝑁𝑜. 𝑣𝑒𝑠𝑠𝑒𝑙𝑠 𝑖𝑛 𝑠𝑡𝑟𝑎𝑡𝑢𝑚

𝑇𝑜𝑡𝑎𝑙 𝑛𝑜. 𝑣𝑒𝑠𝑠𝑒𝑙𝑠

𝑛𝑖 = 𝑛
𝑁𝑖

σ𝑖=1
𝑛 𝑁𝑖

IOTC Species identification and sampling workshop, 2005



Neyman allocation

Neyman allocation: or “optimum stratified sampling equation”: it uses the 

assumption that larger samples required larger strata and strata with hight large 

dispersion (= high standard deviation). To calculate it, variables or indicators of 

interest must be known from previous years.

𝑛𝑖 = 𝑛
𝑁𝑖𝑠𝑖

σ𝑖=1
𝑛 𝑁𝑖𝑠𝑖
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Coefficient of variation allocation

Coefficient of variation (CV) allocation: it considers that the higher the 

variability of the stratum is the bigger the sample must be. To calculate it, 

variables or indicators of interest must be known from previous years too.

𝑛𝑖 = 𝑁𝑖
𝐶𝑉𝑖

σ𝑖=1
𝑛 𝐶𝑉𝑖

     with    𝐶𝑉𝑖 =
𝑠𝑖

ഥ𝑥𝑖
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Exercises
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3. Sampling protocols

 Sampling protocols are the instructions on how to collect data

 Sampling protocols must be documented

 Conditions in the field must be reviewed periodically, and protocols changed 

if necessary

 They are step-by-step instructions on how to collect data in a port, landing 

site, or vessel

 They are written by an expert who knows the areas well and understands the 

local conditions

 They may be revised if significant changes occur
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Prepare your data collection tools

 Instruction for data collectors

 Data sheet

IOTC Species identification and sampling workshop, 2005



3. Sampling protocols

 It contains:

 The context why sample

 What

 How

 The organisation of data collection

 The forms

 Equipment

 All activities of data collector on daily and 

weekly basis

 Practical advice

 Species identification aid memory

IOTC Species identification and sampling workshop, 2005



Landings survey – What ?

 Focus on your objectives and 

needs

 Mandatory variables are very 

few and simple

 Do you have the capacity to 

analyse other information?

 Choose hard or soft copy

IOTC Species identification and sampling workshop, 2005



Landing survey – collect catch data

 Taking the weight of the landings by species at the landing sites is the most 

common way to collect landings of small-scale fisheries. 

 Data will be collected by enumerators at the landing sites. In the design of 

the landing surveys great care should be given not to overburden the 

enumerators, keep things simple!. 

 The more complicated the survey, the higher the risks of sample errors, non-

co-operation of the fishers etc. For example, Is it necessary to cover all 

species, or do we focus on species for which are covered by a fisheries 

management plan only?

IOTC Species identification and sampling workshop, 2005



Fishing activity survey

 Fishing activity survey consist in fisher interview

 “How many days have you fished during the last past x days ?”

 X depend on the fishing activity

 5 to 7 for short trips (one day trips)

 30 for long trips (20 days trips)

 Can be easily be included in landing survey – Data collector ask the question 

to the captain when collecting landings data

IOTC Species identification and sampling workshop, 2005



Boat activity survey
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Other way to collect effort

 Household survey

 Telephone survey

IOTC Species identification and sampling workshop, 2005



Thank you for your attention
Questions?
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