
How to estimate 

the unknown:
THE STATISTICAL CHALLENGES OF QUANTIFYING IIU FISHING



Outline

What is IUU fishing exactly? 

Challenges of quantifying IUU fishing



What is IUU fishing exactly?

Illegal
There has to be laws or regulations to break

by national or international vessels

 In areas under national jurisdiction

or regional fisheries management 

organization (RFMO) conservation and 

management measures



What is IUU fishing exactly?

Unreported

Non-reporting, 

Underreporting 

Misreporting 

of any information related to the fishing 

activity



What is IUU fishing exactly?

Unregulated

The lack of fisheries governance 

framework

An issue of governance failure



Challenges of quantifying IUU 

fishing

For statistical analyses, we like the data to be

A lot

Good coverage (i.e. spatially, temporally)

Unbiasedly sampled

The IUU fishing data often don’t look like that



Challenges of quantifying IUU 

fishing

Defining what to estimate in specific 

contexts.

 The lack of data by nature.

Gathering data from sources with varying 

uncertainty.

Sampling issue: non-randomness and bias 

within available datasets.



Challenges of quantifying IUU 

fishing

Defining what to estimate in specific 

contexts.

Back to what is IUU fishing question.

What should we focus on?

IUU fishing efforts?

IUU catches?

Ecological impacts?

Socioeconomic impacts?



Challenges of quantifying IUU 

fishing

Defining what to estimate in specific 

contexts.

Resources and time are finite. 

We have to choose what to look for

AND how to look for it.



Challenges of quantifying IUU 

fishing

 The lack of data by nature.

Fishers hiding their IUU activities (obviously)

Not enough routine monitoring coverage

Not knowing how to get the data



Challenges of quantifying IUU 

fishing

Gathering data from sources with varying 
uncertainty.

Patrol sighting

 Satellite imagery

Ariel survey

Onboard observers 

 Landing inspection

Market survey

Differences of methodology among literatures



Challenges of quantifying IUU 

fishing

Sampling issue: non-randomness and 

bias within available datasets.

 IUU activities are often encountered 

without scientific sampling design.

Targeted monitoring efforts over specific 

area or time.



Challenges of quantifying IUU 

fishing
Double counting data

A single unit of IUU product might be 

counted for more than one activities.

Fishing

Transhipment

Sale

Overlapping between different studies



Challenges of quantifying IUU 

fishing
 Statistically, what could those challenges look like?

Pascoe et.al. 2008

Economic and ecosystem impacts of illegal,

unregulated and unreported (IUU) fishing in

Northern Australia



Challenges of quantifying IUU 

fishing
 Statistically, what could those challenges look like?

 Example1 Scenario 1

We monitor only the season we know IUU by illegal foreign fishing (IFF) would take place, 

and we found this:



Challenges of quantifying IUU 

fishing  Statistically, what could those challenges look like?

 Example1 Scenario 1

Number of vessels observed in 4 months = 13+6+0+2 = 21

Averaged to 21/4 = 5.25 boats/month

Average catch = 290.23 tons/boat



Challenges of quantifying IUU 

fishing
 Statistically, what could those challenges look like?

 Example1 Scenario 1

Annual total catch = 290.23*5.25*12 = 18284.49 tons/year

What are the problems with this estimation?????



Challenges of quantifying IUU 

fishing
 Statistically, what could those challenges look like?

 Example1 Scenario 2

We monitor every other month for IUU by illegal foreign fishing (IFF), and we found this:



Challenges of quantifying IUU 

fishing  Statistically, what could those challenges look like?

 Example1 Scenario 2

Number of vessels observed in 6 months = 0+3+13+0+0+0 = 16

Averaged to 16/4 = 4 boats/month

Average catch = 449.94 tons/boat



Challenges of quantifying IUU 

fishing

 Statistically, what could those challenges look like?

 Example1 Scenario 2

Annual total catch = 449.94*4+12 = 14398.02 tons/year

What are the problems with this estimation?????



Challenges of quantifying IUU 

fishing

 Statistically, what could those challenges look like?

 Example1 Scenario 3

We monitor every month for IUU by illegal foreign fishing (IFF), and we found this:



Challenges of quantifying IUU 

fishing
 Statistically, what could those challenges look like?

 Example1 Scenario 3

Number of vessels observed in 12 months = 0+0+3+0+13+6+0+2+0+0+0+0 = 24

Averaged to 24/12 = 2 boats/month

Average catch = 290.23 tons/boat



Challenges of quantifying IUU 

fishing

 Statistically, what could those challenges look like?

 Example1 Scenario 3

Annual total catch = 290.23*2*12 = 6965.49 tons/year

What are the problems with this estimation?????



Challenges of quantifying IUU 

fishing
 From the 3 scenarios:

 Is the number of samples enough?

 Does using average make sense?

 Is temporal coverage enough?

 Did we talk about observation days?

 Have we look at spatial coverage?????



Challenges of quantifying IUU 

fishing

 Example 2

 Shark fin market survey from 2 years, 62 days each year

year      n  mean    sd    se   median    Q1    Q3   IQR    min   max   sum
 
 1        62  251.  92.0  11.7    238.   180.  329.  148.   105   400  15537
 
 2        62  280.  74.2  9.42    283    227.  346   119.   152   402  17346

Did the sale increase?



Challenges of quantifying IUU 

fishing
 Example 2

 Shark fin market survey from 

2 years, 62 days each year

Did the sale 

increase?



Challenges of quantifying IUU 

fishing
 Example 2

 Shark fin market survey from 

2 years, 62 days each year

Did the sale 

increase?



Challenges of quantifying IUU 

fishing
 Example 2

 Shark fin market survey from 

2 years, 62 days each year

Did the sale 

increase?

• Before we answer 

this, what should 

we ask about the 

data?



Challenges of quantifying IUU 

fishing
 Example 2

 Shark fin market survey from 

2 years, 62 days each year

Can we make 

extrapolation to 

biomass loss?



Challenges of quantifying IUU 

fishing
 Example 2

 Shark fin market survey from 

2 years, 62 days each year

We have to make many 

assumptions for biomass loss 

extrapolation.

• The sampling period represents 

the temporal variations.

• The sampled market represents 

the entire trade.

• The dried fins are from certain 

areas.



Challenges of quantifying IUU 

fishing
 Example 2

 Shark fin market survey from 2 years, 62 

days each year

We have to make many 

assumptions for biomass loss 

extrapolation.

• The dried fins are from certain 

species composition

• The proportion of dried fin 

weight to wet whole fish 

weight.



Challenges of quantifying IUU 

fishing
 Example 2

 Shark fin market survey from 2 years, 62 

days each year

We have to make many 

assumptions for biomass loss 

extrapolation.

Every factor in multiplication 

carries its own range of 

uncertainty.



Challenges of quantifying IUU 

fishing
 Example 3: a real world unreported tuna estimation

 

Polacheck 2012CCSBT 2006



Challenges of quantifying IUU 

fishing
 Example 4: Convention on the Conservation of Antarctic Marine 

Living Resources IUU estimation

 

Agnew and Kirkwood 2005

The estimated number of days fi shing for the IUU cruise1 

detected by an FPV, i, in year y, Di,y, was thus calculated 
from FPV encounters with IUU vessels as:

Di,y = Li,y– Ei,y (1)

where L is the latest and E is the earliest date from
which the vessel can have been fi shing.

Then the fish catch of the cruise was

Ci,y = Ai,y CPUEa,y (3)

where CPUE was the average CPUE of licensed vessels in 
that area in year y.



Narrowing down 

the uncertainty:
IDENTIFYING THE DATA GAPS AND HOW TO FILL THEM



Outline

Study planning

Study execution



Study planning

Identify the objectives

 What do we want to achieve?

Overall estimation to better stock assessment?

 Specific IUU activities over specific species for urgent regulation?

 Improve socioeconomic for fishers?

Monitoring changes in IUU activities?

How to know what we should want to 

achieve?

Stakeholder participation!



Study planning

Narrowing down the scope
What should we look at?

Which fisheries/sectors?

Which species?

Which area/region?

Which timeframe?

Which parts of IUU fishing?

Be specific

Think about practicality, feasibility and the resources available



Study planning

Narrowing down the scope

 Risk assessment can help specifying the scope

 “In the context of IUU fishing estimation, risk 

identification is the process of identifying and 

defining actual and potential IUU fishing activities 

within a fishery unit” – FAO 2023



Study planning

Narrowing down the 

scope

 Risk assessment 

can help 

specifying the 

scope

 

FAO 

2023



Study planning

Narrowing down the 

scope

 Risk assessment 

can help 

specifying the 

scope

 

FAO 

2023



Study planning

Narrowing down the 

scope

 Risk assessment 

can help 

specifying the 

scope

 

FAO 

2023



Study planning

Looking for available data

 Are there existing monitoring schemes that could help within your scope?

Scope: overall estimation of unlicensed fishing and 

catches quantity within an area

Surveillance (at sea or arial)

Satellite imagery

Assuming the gear and activities are the same to licensed 

fishing: extrapolate unlicensed catches using CUPE of 

licensed fishing.



Study planning

Looking for available data

 Are there existing monitoring schemes that could help within your scope?

Scope: underreported catch by licensed fisheries

Logbooks

Onboard observers

Port inspection

Electronic monitoring (i.e. camaras)



Study planning

Looking for available data

 Are there existing monitoring schemes that could help within your scope?

Scope: How much illegal transhipment being done 

by a certain fishing sector

VMS/AIS

Potential fishing hours (based on velocity)

Potential transhipping position

Satellite imagery

Expected CPUE



Study planning

There are data gaps. Can we fill them?

 Depending on resources available.

 Depending on the scope.

 Depending on the data type.



Study planning

There are data gaps. Can we fill them?

 Which one of these can probably be realistically 

gathered more?

 Trade data between 2015-2025

 Arial survey (getting on an actual plane)

 Drone survey

 At sea patrol

 Catch sampling at ports



Study planning

There are data gaps. 

Can we fill them?

 Examples of old 

school data

 Market estimation 

(with expert opinions) 

vs logbooks

Polacheck 2012



Study planning

There are data gaps. 

Can we fill them?

 Examples of old 

school data

 Applying modelling 

approach to help find 

probability

Agnew and Kirkwood 2005



Study planning

There are data gaps. Can we fill them?

 Examples of technological helpers

Reis‐Filho and Giarrizo 2022



Study planning

There are data gaps. 

Can we fill them?

 Examples of 

technological helpers

Reis‐Filho and Giarrizo 2022



Study planning

There are data gaps. 

Can we fill them?

 Examples of 

technological helpers

Figure 4. Fisheries yields exposed on a beach for 
sale and just after fishing operation have been 
performed. (A, B) A huge landing of Striped Marlin 
Kajikia audax and few individuals of Indo-Pacific 
Blue Marlin Makaira mazara; (C–E) rays, tuna, 
Pompano Dolphinfish Coryphaena equiselis, and 
sharks handled by fishers to sell and consume; (F) 
landing of tuna fish from artisanal fishing 
operation. Images credits: Srikanth Mannepuri.

Reis‐Filho and Giarrizo 2022



Study planning

There are data gaps. Can 

we fill them?

 Examples of 

technological helpers

Figure 6. Unmanned aircraft system‐derived data 

products at a 0.040 km2 (10‐acre) shoreline 

including: (A) Identification of fish shoal; (B) 
identification of fish shoal in relation the 

small‐fishing boat; (C) detail of position of boat and 

use of fishing gear (i.e., gillnet); (D) digital surface 

model with near‐infrared hyperspatial imagery; and 

(E) digital surface model with measurement and 
georeferenced gillnet dimension.

Reis‐Filho and Giarrizo 2022



Study planning

There are data gaps. 

Can we fill them?

 Examples of 

technological helpers

Figure 6. Day Night Band (DNB) image from 

1716 UTC on April 13, 2018. Red marks are 

VMS-reported fishing positions of the large-

sized, light-falling-net vessels. (For 

interpretation of the references to colour in 

this figure legend, the reader is referred to the 

web version of this article.) 

Li et.al. 2021



Study planning

There are data gaps. 

Can we fill them?

 Examples of 

technological helpers

Fig. 5. Navigation tracks of eight 

Chinese refrigeration factory ships 

obtained from AIS information during 

May and mid-September. The colors 

indicate the ship tracks of different 

cruises and the blue line indicates the 

Japanese and Russian EEZ border.

Oozeki et.al. 2018



Study planning

There are data gaps. 

Can we fill them?

 Examples of 

technological helpers

Fig. 4. Temporal changes in light point distribution from VIIRS DNB 
data (left panels) compared with those of the locations of fishing 
vessels estimated from AIS information on the corresponding date 
(right panels) during the summer season in 2016 (A & B: July 5th; C & 
D: July 19th; E & F: July 27th; G & H: August 8th; I & J: August 25th). 
These panels correspond to the data shown in Table 1. The color 
chart indicates the relative values of radiance in ×10−10 W cm−2 
sr−1 in the left panels. (For interpretation of the references to color in 
this figure legend, the reader is referred to the web version of this 
article.)

Oozeki et.al. 2018



Study planning

There are data gaps. 

Can we fill them?

 Examples of 

technological helpers

Chauysi and Kiattisin 2020

Fishing Vessels Behavior Identification for Combating IUU
Fishing: Enable Traceability at Seas



Study planning

There are data gaps. Can we fill them?

 Examples of technological helpers

Masroeri et al. 2021



Study planning

There are data gaps. Can we fill them?

 Examples of technological helpers

https://globalfishingwatch.org/map

https://globalfishingwatch.org/map


Study planning

There are data gaps. Can we fill them?

 State the uncertainty, regardless of the data robustness

Estimating middle values: Always show e.g. 

standard error, interquartile, range

Model predictions: Always show confident 

intervals

Don’t be confidently wrong



Study planning

Develop model framework that accounts for 

uncertainty

What are the possible distribution of answers 

from the model?

 Monte Carlo simulation

 Bootstrap



Study execution

FAO 

2023



Examples



Examples

Pauly and Zeller 2016

 Objective

 To know the magnitude of unreported catch from the 

overlooked sources

 Scope

 Global (very ambitious)

 Artisanal and industry fishing

 Unreported commercial, subsistence, recreational and 

discard



Example

Pauly and Zeller 2016

 Methods

 (1) Identification, sourcing and comparison of baseline catch times 

series

 (2) Identification of sectors (for example, subsistence, recreational), 

time periods, species, gears and so on, not covered by (1), that is, 

missing data components

 (3) Sourcing of alternative information sources on missing sectors 

identified in (2), via literature searches (peer-reviewed and grey) 

and consultations with local experts



Example

Pauly and Zeller 2016

 Methods

 (4) Development of data ‘anchor points’ in time for each missing 

data item, and expansion of anchor point data to country-wide 

catch estimates

 (5) Interpolation for time periods between data anchor points, 

either linearly or assumption based for commercial fisheries, and 

generally via per capita (or per fisher) catch rates for non-

commercial sectors



Example

Pauly and Zeller 2016

 Methods

 (6) Estimation of total catch times series. A reconstruction is 

completed when the estimated catch time series derived through 

steps 2–5 are combined and harmonized with the reported catch 
of step 1 

 (7) Quantifying the uncertainty associated with each 

reconstruction



Example

Pauly and Zeller 2016
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