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The capability of electronic monitoring to measure logbook
reporting performance and improve data for scientific analysis

Timothy Emery, Rocio Noreiga, Mahdi Parsa, Don Bromhead and Trent Timmiss

Australian Bureau of Agricultural and Resource Economics and Sciences (ABARES), Department of
Agriculture, Fisheries and Forestry, GPO Box 858, Canberra, ACT 2601, Australia

Scientists in the Fisheries Science Program at Australian Bureau of Agricultural and
Resource Economics and Sciences (ABARES) have analysed EM and logbook data
collected by the Australian Fisheries Management Authority (AFMA) since 2015, in the
Australian Eastern Tuna and Billfish Fishery (ETBF), to assess a range of issues including:

e theimpact of EM on logbook data reporting (Emery et al 2019a);

e the capability of EM to replace or supplement human observer data collection
(Emery et al, 2018);

e improvements needed to both logbook and EM data collection systems (Emery et
al. 2019b), and;

e how EM can assist both scientific assessments and fishery management decision
making processes (Emery et al. 2025).

ABARES latest published paper (see attached) undertook an analysis of congruence
between EM and logbook data reported in the ETBF at the individual vessel level. The
analysis identified that there can be significant variation in congruence between logbook
and EM reported data at the vessel-level. The paper highlights and discusses the value of
vessel level analyses in identifying vessels with general (i.e. universal) or specific (e.g.
particular species) logbook reporting deficiencies and/or issues with individual vessel EM
systems (e.g. camera placement). This is information which:

e Managers can use to undertake education or compliance actions to improve
vessel level, and therefore fleet level, improvements in both logbook and EM data
reporting.

e Scientists can use toidentify and filter out data reported by vessels for which there
is perhaps less confidence inits reliability for use in a given scientific analysis (e.g.
CPUE standardisation).

We will also describe how the implementation of EM can enable fishery managers to
implement individual vessel-based accountability approaches to management, using
the AFMA seabird management approach as an example.
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ARTICLE INFO ABSTRACT

Handled by Jason M. Cope Electronic monitoring (EM) systems are used to collect fisheries dependent data to support scientific analyses and

management decision-making. In Australian Commonwealth fisheries, EM is also used to validate and improve

Keywords: logbook data reporting at the individual vessel level through the provision of consistent feedback to fishers on
Fisheries management their logbook reporting. We compared five years of EM and logbook reported catch numbers for both retained
E;{"S‘eras and discarded key tuna and billfish species and, interactions with endangered, threatened and protected (ETP)
Longline species in the Australian Eastern Tuna and Billfish Fishery (ETBF). This was undertaken to examine congruence
Bycatch at an individual vessel level and determine how both EM and logbook reporting can potentially be improved in
Discards the future. At a fleet-wide level, overall congruence was higher for retained than discarded catch and higher for

ETP ETP groups (i.e., seabirds) than at an ETP species (i.e., wandering albatross) taxonomic level. Importantly, vessel-
level estimates of congruence revealed significant inter-vessel variation in logbook reporting performance. For
example, a small number of vessels were not reporting any bycatch and discards despite EM analysts observing
these occurrences on these vessels, whilst other vessels had perfect congruence for some species across all audited
sets. These results highlight the capability of EM to identify vessels with general (i.e. universal) or specific (e.g.
particular species) logbook reporting deficiencies, that enable managers to undertake either incentive-based,
education-based or (where required) compliance-based targeted actions to ensure that those vessels improve
their future logbook reporting. Ultimately this approach will improve data inputs for scientific analyses and the
fisheries management decisions that rely on them.

The value of fishery-dependent data for estimating the status of
fishery impacts on target and non-target species has often been called

1. Introduction

Sustainable fisheries management relies on obtaining precise and
unbiased estimates of the level of catch (and mortality) of species that
interact with fisheries, that can then inform analyses of fishing mortality
and stock biomass for target species, or risk assessments and risk man-
agement (including threat abatement) responses associated with general
bycatch and endangered, threatened and protected (ETP) species.
Fishery-independent data is generally collected through research vessels
(scientific fishing surveys), while fishery-dependent data is usually
collected from commercial vessels, either in the port of landing (port
sampling) or at-sea (vessel logbook and at-sea observer programs)
(Emery et al., 2019b). Data collected from these programs supports
various applications including, conducting stock assessments on target
stocks, assessing the performance of harvest strategies and control rules,
as well as calculating fleetwide, or individual vessel bycatch rates (Parsa
et al., 2020; Roberson and Wilcox, 2022).

into question because of:

e (i) biases in at-sea observer data caused by the non-random place-
ment of observers on vessels (i.e. displacement effect) (Gilman,
2023),

o (ii) changes in fishing behaviour caused by at-sea observer presence
(i.e. observer effect) (Gilman, 2023),

o (iii) susceptibility of at-sea observers to coercion or corruption
(Suuronen and Gilman, 2020) and;

e (iv) misreporting of retained species catch composition, discards,
and interactions with ETP species in logbooks (Sampson, 2011).

The latter (iv) can be due to variation in species identification
competency among skippers, high catch volumes, or fears of compliance
action and/or increased regulation (Brown et al., 2021; Mangi et al.,
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2016; Sampson, 2011). Inaccurate data makes it problematic for fish-
eries managers to develop effective regulatory regimes addressing target
and non-target species. For example, biases along with gaps in logbook
reporting at a vessel level make it problematic to model the behaviour of
fishing fleets and accurately estimate fleetwide catch and discards
(Brown et al., 2021; van Helmond, 2022). Furthermore, biased or
incomplete data can impede sustainable management of stocks through
reducing the precision of abundance predictions from stock assessment
models, making it difficult to detect population trends through time
(Brown et al., 2021; van Helmond, 2022)

Numerous studies comparing logbook and other data sources (e.g. at-
sea observer data) have highlighted that fisheries logbook data is often
incomplete and inaccurate (e.g. Brown et al., 2021; Faunce, 2011;
Macbeth et al., 2018; Mangi et al., 2016; Suuronen and Gilman, 2020).
Gilman et al. (2019) proposed that fishers may lack the motivation,
either economically or due to regulatory disincentives, to accurately
record data in their logbook.

Incentivising fishers to accurately report in logbooks can be achieved
through a range of approaches, including through appropriate moni-
toring control and surveillance (MCS) frameworks. Electronic moni-
toring (EM) is a MCS tool that can be used by managers to collect data on
catch composition, discards and interactions with ETP species, as well as
monitor the use of bycatch mitigation measures (Moore et al., 2021;
Suuronen and Gilman, 2020; van Helmond et al., 2020). The presence of
EM on vessels can also encourage fishers to report more diligently in
their logbooks (Emery et al., 2019a,b) and provide managers with a
verification tool that can: (i) identify specific reporting issues and, (ii)
provide a mechanism for targeted feedback to fishers to assist them in
improving their logbook reporting. EM systems typically consist of a
series of onboard cameras, global positioning systems, sensors and data
loggers that collect information on fishing activities. The fishing activ-
ities that are recorded can either stored locally on a hard drive, or on a
dedicated storage server. This data can then be reviewed and verified
later onshore by an EM analyst for both management and compliance
purposes. Typically, the footage is either used to census all fishing effort
for catch monitoring purposes and/or to audit a proportion of fishing
effort to verify fishing logbooks, such as is undertaken in both Australian
and Canadian fisheries (Emery et al., 2019b; Mangi et al., 2015; Stanley
et al., 2011).

Previous studies (Emery et al., 2019a; Larcombe et al., 2016; Stanley
et al., 2015) have shown that the presence of EM as a MCS tool can lead
to changes in logbook reporting behaviour. For example, Stanley et al.
(2015) reported in the British Columbia groundfish hook and line fishery
that logbook reporting of catch composition was adequate for almost all
vessels by year two of the EM program, with most fishers meeting pre-
scribed logbook reporting tolerance levels. Similarly, Emery et al.
(2019a) showed significant increases in nominal discard per unit effort
and interactions per unit effort between pre and post EM implementa-
tion in the Eastern Tuna and Billfish Fishery (ETBF) in Australia, indi-
cating improved logbook reporting rates after the implementation of
EM.

A previous comparative analysis of ETBF logbook and EM data
(Emery et al., 2019b) looked at congruence in reporting of both retained
and discarded species and interactions' with ETP at the fleet level in the
two years following EM implementation. It identified a higher level of
congruence for retained than discarded species, with a greater propor-
tion of discarded species not able to be identified to a species level by the
EM analyst. While reporting of seabird interactions was reasonably
congruent, there were clear issues with the reporting of other ETP
groups (sharks and turtles) by the EM analyst, with fishers reporting

! An “interaction” is defined here as any physical contact a person, boat or
gear has with a protected species including catching and colliding with any of
these species. For further information, see: https://www.afma.gov.au/prote
cted-species/endangered-and-threatened-species-reporting.
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these in greater numbers in their logbook. However, this analysis was
undertaken at a fleet-level and no attempt was made to analyse the data
at an individual vessel level. This is important because fishing fleets are
not homogenous and there is likely to be significant differences in
skippers’ skill and accuracy in logbook reporting (see, e.g. Macbeth
et al., 2018), which if quantified might provide scientists and managers
alike with valuable information to improve current and future scientific
analyses and management decision-making.

Consequently, the aim of this study was to examine congruence be-
tween ETBF logbook and EM data using an updated dataset, at both fleet
and individual vessel levels to determine how EM and logbook reporting
can potentially be improved in the future. Congruence is defined here as
the level of similarity between logbook and EM counts of individuals
retained, discarded, or interacted with during a set. If there is a high
level of congruence, there can be some confidence that logbook records
provide a sufficiently precise and accurate account of retained and dis-
carded catch, as well as interactions with ETP species. By comparing the
congruence results across the fleet at the individual vessel level, specific
vessels not reporting discards on logbooks when EM analysts did report
discards (indicative of misreporting) or having very low EM recorded
counts relative to logbook for ETP species (potentially indicative of EM
system related issues), for instance, can be identified and investigated
further by managers. Ultimately, this allows the management frame-
work moving forward to improve fleet level reporting performance
through implementation of an individual vessel-based approach to non-
compliance with reporting requirements, which is likely to be more
efficient (and therefore beneficial) when faced with limited resources
and capacity.

2. Methods
2.1. Description of the eastern tuna and billfish fishery

The ETBF is a pelagic longline and minor line fishery that operates
from Cape York east and south to the Victorian — South Australian
border, including waters around Tasmania within the Australian
Exclusive Economic Zone (EEZ) and the high seas waters of the Western
and Central Pacific Fisheries Commission (WCPFC) (Fig. 1). The fishery
primarily targets yellowfin tuna (Thunnus albacares), bigeye tuna
(Thunnus obesus), albacore tuna (Thunnus alulunga), broadbill swordfish
(Xiphias gladius) and striped marlin (Tetrapturus audux) with southern
bluefin tuna (Thunnus maccoyii) also caught opportunistically during the
winter months (although managed under an alternative regulatory
plan). These six species are considered the key tuna and billfish species
for the purposes of this study. In fishing for these species, the fishery also
incidentally catches a range of other byproduct and bycatch species
including, occasionally species that are protected under Australian
environmental law (e.g. sea turtles, seabirds and marine mammals). In
2022, there were a total of 36 longline vessels active in the ETBF (Butler
et al., 2023). Since 1 July 2015, all longline vessels must have opera-
tional EM technology installed (AFMA, 2020).

2.2. Australian Commonwealth electronic monitoring program
In the ETBF, the major EM program objectives include:

o verifying total catch and discards for all commercial and bycatch
species as reported in logbooks,

o verifying total fishery interactions with ETP species, as well as
bycatch handling practices and seabird mitigation (e.g. tori line
deployment and night setting where necessary).

One of the key objectives of the EM program in the ETBF is to
monitor interactions with seabirds, in order to determine spatially based
capture rates and ensure they comply with reporting requirements under
the Threat Abatement Plan (TAP) for the incidental catch (or bycatch) of
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Fig. 1. Area and relative fishing intensity in the eastern tuna and billfish fishery between 2020 and 2024 calendar years.
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seabirds during oceanic longline fishing operations (see: https://www.
antarctica.gov.au/about-antarctica/environment/plants-and-animals/
threat-abatement-plan-seabirds/). Individual vessels that fail to consis-
tently avoid or minimise interaction rates with seabirds are subject to
additional monitoring and mitigation requirements such as: daylight
setting ban, amended line weighting, hook shielding devices, or a shift in
area of operations (AFMA, 2019).

In the pursuit of the above objectives, The Australian Fisheries
Management Authority (AFMA) instructs fishers to accurately record all
catch composition (retained and discarded) in their daily fishing
logbook or e-logbook, including any interactions with ETP species.
Concurrently, AFMA requires EM systems to record all fishing activity
and aims to review a minimum random 10 % of all the fishing haul
events (hereafter termed “sets™) on the hard drive (with a minimum of
one set per vessel per month) (AFMA, 2020). The overall EM review
coverage rates (percentage of hooks observed) in recent years
(2021-2023) in the ETBF have been 9.9 %, 9.3 % and 9.3 % respectively
(Butler et al., 2023). Electronic monitoring footage is reviewed by EM
analysts from Archipelago Asia-Pacific (AAP) who are instructed to re-
cord the catch composition, discards, and all interactions with ETP
species within each audited set along with their fate (retai-
ned/discarded) and life status (e.g., discarded alive and vigorous). All
catch items are identified to the finest taxonomic level possible based on
observing a specified number of distinguishing features. If an individual
species cannot be identified to species level (e.g., yellowfin tuna), they
are identified to the next lowest taxonomic level/group (e.g., tuna
(mixed)).

Once an individual set has been reviewed by the EM analyst, the
piece counts and fate of individuals are compared to logbook records
and a series of data quality control checks are undertaken. For example,
specific footage may be re-analysed to check species identification if the
piece counts of individual species are underestimated relative to those
reported in the logbook (AFMA, 2020). Furthermore, for around 10 % of
sets initially reviewed, another EM analyst reviews the same set and
compares the results, which allows data precision and EM analyst per-
formance to be measured. The results of these quality control audits are
for internal use only by AAP.

A “vessel feedback” report is generated for each hard drive that has
been reviewed by AAP. This report consists of a comparison between
EM-reported catch composition and logbook-reported catch composi-
tion (i.e. number of individuals). The report also records ETP species
interactions that were identified during analyst review. These reports
are provided to the vessels’ nominated contact and relevant AFMA
fisheries managers. There is also the possibility for an “untoward pro-
cess” report to be generated following EM review, when there is found to
be activity occurring that appears to be against the regulations imposed
on the operators inter alia, for example, gross misreporting, or the system
being turned off during fishing operations. This report is sent directly to
the AFMA compliance team for further investigation.

Furthermore, since 1 January 2025, AFMA implemented a proactive
approach to monitoring EM system use in near real time by integrating
EM positional information and system health into the same software
used to monitor vessel monitoring system (VMS) use. When an EM
system does not poll to AFMA in this software, an AFMA officer will
receive a notification and use VMS positional information to verify
whether the vessel is in port or out fishing with a non-operational EM
system. An AFMA officer will then contact the operator and has the
option to direct the vessel to port if the issue cannot be resolved
remotely. Over the short time this process has been implemented, AFMA
has seen an increase in health statement data being received and system
services being undertaken prior to fishing.

2.3. Data collation

EM analyst and fisher-reported logbook data from the ETBF were
collated and aggregated by reviewed set for the period 1 July
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2015-30 June 2020 to examine the level of congruence (i.e. similarity)
in the data pertaining to the number of retained and discarded species,
as well as number of interactions with ETP species. Sets with zero
recorded EM and logbook observations (i.e., 0, 0) for either retained,
discarded or ETP species were removed from the dataset for that specific
species. This decision is aligned with other studies that have investigated
the congruence between EM analyst and at-sea observer data (e.g.
Briand et al., 2018; Forget et al., 2021; Ruiz et al., 2015), as retaining
them in the dataset can inflate and consequently bias the congruence
estimate. Following processing of the data there remained a total of
2226 linked EM audited, and logbook reported sets across the period
assessed (Table 1).

2.4. Data analysis

To assess the level of congruence, analysis of set-level differences in
counts (EM and logbook) were undertaken for various species of interest
at both a fleet-wide and individual vessel level. This included key tuna
and billfish species and ETP species. Noting that count data collected
from either EM or logbook does not represent a “reference” or “true
value” (Ames et al., 2007; Ruiz et al., 2015), two approaches were used
to look at set-level differences.

The first approach evaluated congruence in two steps. Firstly, the
difference between the EM and logbook counts of individuals was
calculated (by subtracting the logbook count from the EM count) in each
set, for each species and fate category (retained or discarded). Secondly,
the mean difference in counts across all sets (for each species and fate
category) was then calculated, including at each of the following
grouping levels: whole fleet with all years combined; whole fleet by
financial year (to evaluate changes over time); and individual vessels
(all years combined).

The second approach then divided the mean difference in counts
(above) by the mean catch per set, expressed as a percentage (see
Table 2), where mean catch per set was calculated as the mean of the
reported EM and logbook recorded individuals for each set. The second
approach is important because, for a targeted species, such as tuna, a
difference of five between EM and logbooks when 100 fish have been
caught reflects good congruence, whereas a difference of five when only
10 fish are caught reflects poor congruence. Of course, for ETP species
such as seabirds, the level of acceptance of differences in counts would
be much lower.

Analysis of set-level differences in counts was undertaken using
Bland-Altman plot analysis (Altman and Bland, 1983). The
Bland-Altman analysis is frequently used in studies investigating the
agreement and proportional bias between two quantitative measure-
ment methods by studying the mean difference between the two
methods (Forget et al., 2021). This graphical method was used to
illustrate the difference between counts of an individual species from EM
(K1) and logbook (K2). Scatterplots were made in which the X-axis
represented the average number of retained/discarded individuals per
set (i.e. average of EM and logbook recorded individuals), and the Y-axis
represented the difference (K1 — K2) of the two measurements. Addi-
tionally, the mean bias (mean of K1 — K2) and its confidence limits
(limits of agreement) were projected (2*standard deviation).

Finally, vessel level differences in logbook reporting were examined
by looking at differences in counts as a proportion of average catch. This

Table 1
Number of audited linked sets by Australian financial year in the ETBF.

Fishery Financial year (1 July-30 June) Number of linked audited sets
ETBF 2015/2016 248

2016/2017 495

2017/2018 525

2018/2019 486

2019/2020 472
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Table 2
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Fleet-wide mean differences in counts between EM and logbook, average number (from both EM and logbook) reported caught per set, mean difference in counts as a
proportion of average catch and proportion of zeroes reported by either EM or logbook across the time period examined for key tuna and billfish species in the ETBF.
Note: a positive number indicates more were reported in EM and a negative number indicates more were reported in logbooks.

Species Scientific Fate Mean difference in Average number Mean difference in counts as Proportion of 0 s reported by
name piece counts reported caught in a set  proportion of average catch either logbook or EM

Albacore tuna Thunnus Retained 1.1 (+£0.3) 18.5 (+1.4) 6 % 5%
alalunga Discarded —1.2 (£0.3) 2.6 (+0.5) —44 % 60 %
Bigeye tuna Thunnus Retained 0.1 (£0.1) 4.2 (+0.3) 1% 5%
obesus Discarded —0.8 (+0.2) 1.2 (£0.1) —66 % 75 %
Southern Thunnus Retained 0.2 (£0.5) 37.3 (£6.0) <1% 2%
bluefin tuna maccoyii Discarded —4.1 (£2.1) 10.9 (£3.3) —37% 36 %
Swordfish Xiphias Retained 0.3 (£0.1) 5.0 (£0.2) 6 % 5%
gladius Discarded 0.0 (£0.1) 1.5 (£0.1) <1% 50 %
Yellowfin tuna Thunnus Retained 0.2 (£0.1) 11.0 (+0.6) 2% 1%
albacares Discarded —1.9 (+0.2) 2.1 (£0.1) —90 % 62 %
Striped marlin Kajikia audax Retained < 0.1 (£<0.1) 1.7 (£0.1) <1% 6 %
Discarded  —0.9 (+0.2) 0.8 (+0.1) -119 % 79 %

ratio was graphically displayed to identify vessels whose reporting could
be considered an “outlier” relative to the fleet. Note vessels were only
included in the analysis where the selected species was recorded as
either retained or discarded in > 5 sets audited. All data analysis was
undertaken using R (version 4.3.1).
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3. Results
3.1. Key tuna and billfish

At a fleet-wide level, key retained tuna and billfish were reported in
similar numbers by logbook and EM (Table 2, Fig. 2a). The mean dif-
ference as a proportion of the average number reported in a set was
< 6 % for all six species. There was also not a large proportion of sets
(<6 %) where zero individuals were being reported by a single data
collection tool (i.e., EM) when > 1 individual was reported by the other
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tuna and billfish species in the ETBF, by financial year.
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tool (i.e., logbook) (Table 2). Results from the Bland-Altman plot anal-
ysis indicate that most sets of key retained tuna and billfish had a mean
difference (bias) close to zero, with many sets having no difference in
logbook and EM counts (Fig. 3). For example, this included 74 %, 70 %,
69 % of all sets containing retained bigeye tuna, yellowfin tuna and
swordfish respectively. The confidence intervals were also constrained
with not a significant amount of variation among individual sets.
Congruence was also stable temporally, with little difference observed in
the mean difference in counts as a proportion of the average number
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reported in a set between 2016-17 and and 2019-20 financial years
(Fig. 2a). When differences in counts between logbook and EM were
observed in a single set these were typically around ~1-5 individuals
depending on the species.

In contrast, at a fleet-wide level, congruence between EM and
logbook reporting for key discarded tuna and billfish was lower
(Fig. 2b). There were higher instances of zero reporting by one data
collection tool where discarding was reported by the other and generally
both the variation in the mean difference in counts and those expressed
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Fig. 3. Bland-Altman plots illustrating the mean difference in counts between EM and logbook recorded key retained tuna and billfish species in the ETBF and
average no. of retained individuals per set. Solid blue lines represent the mean bias, red dotted lines represent the 95 % CI. The marginal histograms denote the

frequency distribution of the X and Y variables.
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as a proportion of the average catch were higher than for retained catch
of the same species (Table 2, Fig. 2b). Apart from swordfish, there was
also a large amount of temporal variation in the results for all key dis-
carded tuna and billfish, but particularly for striped marlin between
2015-16 and and 2019-20 (Fig. 2b). In many instances discarded species
were being reported by one data collection tool and not the other in the
same set. This suggests discarded individuals are either being mis-
reported or unreported by fishers, or the EM analyst. In most cases,
logbooks were reporting much higher numbers of discarded individuals

Fisheries Research 291 (2025) 107518

at the species level than EM (Table 2, Fig. 2b) (there were some ex-
ceptions to this, which are described further below).

Results from the Bland-Altman plot analysis indicate that apart from
swordfish, most sets of key discarded tuna and billfish had a mean dif-
ference (bias) that was not close to zero, and had much greater variation
among sets, with the confidence intervals much wider than for retained
catch of the same species (Fig. 4). The Bland-Altman plot (Fig. 4) also
indicates that for discarded southern bluefin tuna and striped marlin, the
differences observed between EM and logbook reporting does not

Fig. 4. Bland-Altman plots illustrating the mean difference in counts between EM and logbook recorded key discarded tuna and billfish species in the ETBF and
average no. of discarded individuals per set. Solid blue lines represent the mean bias, red dotted lines represent the 95 % CI. The marginal histograms denote the

frequency distribution of the X and Y variables.
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