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Fisheries resource survey and its purpose-1

https://gguilleraresearch.wordpress.com/2013/08/01/what-are-ecological-statisticians-talking-about/



https://sites.google.com/a/uw.edu/most-cited-fisheries/how-to-cite

Fisheries resource survey and its purpose-2



What are the data we want from the fisheries resources survey?

• Catch, landings and discards
• A fundamental variable of interest

• Species and stock composition
• Biological state of the resources

• Stock size, production, population dynamics

• Environmental conditions
• Relationships to catch and fishing activities

• Fishing activity (effort)
• Fishing patterns and relation to yields

• Fishing mortality = f(Effort), 

• Yield = f(Effort)

• Fishery dependent survey
• Fishery independent survey



Fishery dependent survey-1

Advantages

• Provide mandatory data on catches and fishing activities in wide spatial coverage all year round

• Provide, optional, data on discards, fishing grounds and effort used etc.  

• Provide evidence on trends in stock abundance through the quantities of catch per unit of fishing 
effort (e.g. per day)

• Provide information on the size and (where possible) age of individuals in the catches and, then, be 
further used to estimate the annual fishing mortality rate.

• Provide biological information of the catches, i.e. samples from the landing sites

Disadvantages

• Bias and repeat since samples are collected using preferential sampling because fishing fleets are 
commercially driven.

• Lack of environmental information and, sometimes, lack particular details such as the location of 
fishing grounds and species identity, in particular small scale fisheries. 



Fishery dependent survey-2

Fishing logbook

VMS-system

Field-samplings



Fishery dependent survey-3

Data How to collect? What is it used for?

Landings (or catches) Logbooks, samplings at landing 
sites

• Information in statuses of fisheries and fish stocks. 
• Further used  assessment for stock assessment and 

fishery management

Discards Logbooks, observer programs, 
samplings at landing sites

• Information in the removals, that not being utilized, 
both targets and bycatches

Efforts Satellite monitoring (VMS), 
logbooks (fishing duration)

• Fishing capacity and efficiency (catch per unit 
effort, CPUE). 

• Further used  assessment for stock assessment and 
fishery management

Biological data – e.g. 
lengths, weight and age
frequency data

samplings at landing sites and 
further work in the laboratory

• Cohorts information, through length-, weight-. and 
age frequency distributions, which further used  
assessment for stock assessment and fishery 
management. 

• Biological information, e.g. growth and feedings, of 
the target species

Data collection and utilization

Mackinson 2017



Fishery independent survey-1

Advantages

• Provide high quality data because sampling and collection are scientifically designed and standardized. 

• Provide information on oceanography, environment and ecosystem

• Provide data and information on any particular interests, e.g. planktons and fish larvae, according to 
specific research questions. 

• Can set the fixed stations and/or fixed-transect surveys for data collection

Disadvantages

• Expensive and carried out over relatively short periods of time

• Limited amount of data can be collected. 

• Limited coverage in space and time, i.e. seasonality and the number of years of available data



Fishery independent survey-2

Scientific trawl survey

Hydro-acoustic survey

Oceanographic and environmental survey
Ecosystem survey



Fishery independent survey-3

Data How to collect? What is it used for?

Catches and abundances • Swept area method (trawl)
• Hydro-acoustic method
• Underwater cameras

• Density index, catchability, population composition, 
distribution. 

• Used in tuning stock assessment models. 

Biological data – e.g. 
lengths, weight and age 
frequency data / Age & 
growth / Feedings

Survey catch sampling followed 
by lab analyses

• Changes in the size and age composition of the 
population, proportion mature, growth rates. All 
used in stock assessments.

Plankton & Larval and egg 
counts

Various nets and samplers • Diversity and distribution
• Abundance and its variation

Environmental & 
Oceanographic data

Various physical and chemical 
sensors, water samplers 
Grabs and cores for sediments.

• Relating patterns to environmental conditions. 
From population biology to ecological 
understanding necessary to make predictive 
models.

Data collection and utilization

Mackinson 2017



Data collection methods for fishery dependent

Data collection method Output Pros (+) and cons (-)

Logbooks Catch and effort data for 
individual fishermen/boats

(+) detailed trip information
(-) relies on fisher’s willingness to complete detailed 
records

Surveys at landing sites Catch, effort and biological 
data for sample of 
fishermen/boats

(+) direct sampling by observers gives high quality data
(-) Expensive and limited in coverage

Household surveys Household level catch and 
effort data

(+) Captures subsistence fishing that bypasses landing 
sites and markets

Market surveys Total landings

Voluntary reporting Catches, effort, CPUE, 
species and size information

(+) Potentially easy to collect in large quantities
(-) Relies on individual motivation, biased towards avid
anglers and high catches, low uptake and continuity

Automatic recording (e.g.
by cameras or VMS)

Fishing effort, catch, bycatch (+) Can partially replace direct observation by people, 
cost effective
(-) Still requires visual analysis of recordings

Lorenzen et al., 2016



Data collection methods for fishery independent

Data collection method Output Pros (+) and cons (-)

Standard sampling Relative abundance, 
population structure

(+) Rapid sampling with gear of known selectivity and to a
scientific design
(-) Provides only relative abundance estimates

Depletion sampling Abundance (absolute), 
population structure

(+) Provides absolute abundance estimates immediately
(-) Requires intensive sampling

Mark-recapture studies Abundance (absolute), 
growth, mortality 
components

(+) Provides estimates of absolute abundance, growth 
and mortality components, movement
(-) Requires sampling over extended period

Hydro-acoustics Biomass, size structure,
distribution

Remote sensing Habitat characteristics, 
fishing effort

Environmental DNA 
(eDNA)

Indirect estimate of biomass 
index

(+) Rapid in the field, suitable for habitats that are difficult 
to sample
(-) Provides only rough estimate of biomass

Lorenzen et al., 2016



https://www.youtube.com/watch?v=9D5uJm9S79o



Fishvice: fishvice.hafro.is

Random
(homogenous)

Gradient Patchy
(heterogeneous)

General population distributions of fisheries resources



Sampling

Inference

Population VS samples

Populations

Fishing 
boats/ gears

Grids/ 
stations

Fishes

Fishers 
(Socio-economics)

Others

A sample is “a smaller (but 
hopefully representative) 
collection of units from a 
population used to 
determine truths about that 
population” 

A population is “all items with 
the characteristic one wishes to 
understand”



Typical sampling techniques in fisheries resource survey-1

distribution homogeneous or uniform: variance ≤ mean

distribution contagious, patched with known external factors, 
e.g. depth: variance > mean

distribution heterogeneous without periodicity or due to
unknown factors

within a cluster should ideally heterogeneous, but 
homogeneity between clusters.



Simple Random Sampling

• Apply when population is small, homogeneous & 
readily available

• Each element has an equal probability of selection.

• It provides for greatest number of possible samples. 

• This is done by assigning a number to each unit in the 
sampling frame.

• Estimates are easy to calculate.

• NOT Convenient sampling

Systematic Sampling

• Rely on arranging the target population according to 
ordering scheme and then selecting elements at 
regular intervals through that ordered list.

• Random start and then proceeds with the selection of 
every kth element from then onwards

• Sample evenly spread over entire reference population

• Sample may be biased if hidden periodicity in 
population coincides with that of selection.

Typical sampling techniques in fisheries resource survey-2



Stratified Sampling

• Population embraces a number of distinct categories, 
the frame can be organized into separate "strata." . 

• Each stratum is then sampled as an independent sub-
population, out of which individual elements can be 
randomly selected.

• Every unit in a stratum has same chance of being 
selected.

• Using same sampling fraction for all strata ensures 
proportionate representation in the sample.

Cluster Sampling

• Cluster sampling is an example of 'two-stage sampling' 

• First stage a sample of areas is chosen; Second stage a 
sample of respondents within those areas is selected.

• All units from the selected clusters are studied.

• Although strata and clusters are both non-overlapping 
subsets of the population, they are different. 

• With stratified sampling, the best survey results occur 
when elements within strata are internally 
homogeneous. However, with cluster sampling, the 
best results occur when elements within clusters are 
internally heterogeneous

Typical sampling techniques in fisheries resource survey-3



Estimations of mean and variance-1

 Sample’s total value 𝑦. = ∑ 𝑦௜
௡
௜ୀଵ

 Sample’s mean 𝑦ത =
ଵ

௡
∑ 𝑦௜

௡
௜ୀଵ (assuming equal population mean 𝑌ത )

 Sample’s variance 𝑠ଶ =
ଵ

௡ିଵ
∑ 𝑦௜ − 𝑦ത ଶ௡

௜ୀଵ

 Variance of sample’s mean v 𝑦ത =
ேି௡

ே

௦మ

௡

 Population’s total value 𝑌..
෡ = 𝑁𝑦ത

 Variance of population’s total value V 𝑌..
෡ = 𝑁ଶ 1 − 𝑓

௦మ

௡
when 𝑓 =

௡

ே

Simple random sampling



 Sample’s total value 𝑦௜. = ∑ 𝑦௜௝
௡
௝ୀଵ

 Sample’s mean 𝑦௦௬ =  𝑌ത =
ଵ

௞௡
∑ ∑ 𝑦௜௝

௡
௝ୀଵ

௞
௜ୀଵ (proxy of Population’s mean 𝑌ത )

 Sample’s variance 𝑠௦௬
ଶ =

ଵ

௞ ௡ିଵ
∑ ∑ 𝑦௜௝ − 𝑦௜.

ଶ௡
௝ୀଵ

௞
௜ୀଵ

 Variance of sample’s mean  𝑦௦௬:  𝑣 𝑦௦௬ =
ேି௡

ே

௦మ

௡
when 𝑠ଶ =

ଵ

௡ିଵ
𝑦௜௝ − 𝑦௦௬

ଶ

 Population’s total value 𝑌௦௬
෢ = 𝑁𝑦௦௬

 Variance of population’s total value V 𝑌෠ = 𝑁ଶ𝑣 𝑦௦௬

Systematic random sampling (sampling every kth unit, until achieve n units, then N = kn))

Estimations of mean and variance-2



 Sample’s total of stratum “h” 𝑦௛ = ∑ 𝑦௛೔

௡೓
௜ୀଵ

 Sample’s mean of stratum “h” 𝑦௛ =
௬೓

௡೓

 Sample’s variance of stratum “h” 𝑠௛
ଶ =

ଵ

௡೓ିଵ
∑ 𝑦௛೔

− 𝑦௛
ଶ௡೓

௜ୀଵ

 Population’s mean 𝑌ത =  𝑦௦௧  = ∑ 𝑊௛𝑦௛
௅
௛ୀଵ when 𝑊௛ =

ே೓

ே

 Variance of population’s mean v 𝑦௦௧ = ∑ 1 − 𝑓௛
௦೓

మ

௡೓

௅
௛ୀଵ when 𝑓 =

௡೓

ே
    

 Population’s total value 𝑌௦௧
෢ = 𝑁𝑦௛

 Variance of Population’s total value 𝑉 𝑌௦௧
෢ = 𝑁ଶv 𝑦௦௧

Stratified random sampling   (if there are L strata, i.e. strata, h = 1 to L)

Estimations of mean and variance-3



Cluster sampling (If there are N (n) clusters, each cluster contains M units)

 Sample’s total value 𝑦.. = ∑ ∑ 𝑦௜௝
ெ
௝ୀଵ

௡
௜ୀଵ Sample’s mean 𝑦..ഥ =  

௬..

௡ெ

 Total value of cluster ith 𝑦௜. = ∑ 𝑦௜௝
ெ
௝ୀଵ Mean of cluster ith 𝑦௜. =  

௬೔.

ெ

 Cluster mean คาเฉล่ียตอกลุมตัวอยาง 𝑦ത =  
௬..

௡
 Mean of cluster mean 𝑦௡. =

ଵ

௡
∑ 𝑦௜.

௡
௜ୀଵ

 Population’s total value 𝑌..
෡ = 𝑁𝑦ത = 𝑁

ଵ

௡
∑ 𝑦௜.

௡
௜ୀଵ

 Variance of population’s total value 𝑌..
෡ : v 𝑌..

෡ = 𝑁ଶ ேି௡

ே

௦಺್
మ

௡
when  𝑠ூ௕

ଶ = 𝑀ଶ𝑠௕
ଶ และ 𝑠௕

ଶ =
ଵ

௡ିଵ
∑ 𝑦௜. − 𝑦௡.

ଶ௡
௜ୀଵ

 Population’s mean 𝑌..
ഥ෡ =  𝑦௡.

 Variance of population mean 𝑣 𝑦௡. =  
ேି௡

ே

௦್
మ

௡

Estimations of mean and variance-4



https://www.youtube.com/watch?v=be9e-Q-jC-0



Final Remarks
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https://www.youtube.com/watch?v=9D5uJm9S79o

https://www.youtube.com/watch?v=be9e-Q-jC-0

https://fishvice.hafro.is

https://unsiap.or.jp/e-
learning/el_material/5_Agri/rap_Sampling_Indonesia/19_Module6.2_Fisheries_sampling.pdf
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