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Abstract
Fishery observers are prevalent actors in the global effort to reduce discards in fisheries, but there
remains considerable uncertainty about how effective they are. We analyzed high-resolution
logbook records of individual hauls (n = 127 415) across five-and-a-half-years (2012–2018) for all
of Greenland’s large-scale fisheries to determine if onboard fishery observers influence the
mandatory reporting of discards. To do so, we used exact matching to compare reported discards
for observed and unobserved hauls (each time a catch is recorded), thus controlling for systematic
differences between monitored and unmonitored practices. After adjusting for variables that
represent species caught, gear, vessel, owner, year, license, and location, we found that skippers
systematically underreport discards when no observers are on board. Systematic underreporting
was most pronounced in less valuable fisheries, in contrast to theoretical arguments in previous
studies. The differences between reported discards from observed and unobserved fishing leads us
to assume that onboard observers encourage more faithful logbook records. Thus, onboard
observers play a vital role in improving information on the environmental impact of fishing and in
turn, make a key contribution to sustainable fisheries management.

1. Introduction
The accurate monitoring of marine capture fisheries
represents a pressing and global conservation challenge. Fish and shellfish are essential food sources in
marine and freshwater food webs (Power 1990, Pauly
1998), they provide nourishment for more than 3.2
billion people, and they are the most widely traded
food commodity (Blanchard et al 2017, FAO 2018).
However, nearly a third of marine capture fisheries are overfished (FAO 2018). In addition, offshore
and high seas fisheries are among the most costly
and challenging to monitor, control, and surveil (Day
1997, Flewwelling 2003). Improving our understanding of fishing behavior is key to identifying overharvesting, ensuring sustainable fisheries, and maximizing the benefits that humans derive from living marine resources.
Despite its importance, monitoring fishing activities remains challenging. Satellite or AIS techniques
rapidly verify and track vessel positions, but they
remain ineffective for monitoring on-board fishing
© 2020 The Author(s). Published by IOP Publishing Ltd

activity (Mills et al 2007, Lee et al 2010). The use of
sensors and video to monitor fishing activity without
a human observer on board (electronic monitoring),
is growing in popularity among fishery enforcers,
but it is unpopular among some skippers, is costly
and computationally-intensive, and often requires
human resources for post-hoc review of fishing activity (Ames 2005, van Helmond et al 2015, Needle et al
Gilman et al 2015, Plet-Hansen et al 2017, 2019).
Sampling vessels at port can monitor landed catches,
but it does not monitor catch discarded at sea (Gilman et al 2019). Due to the difficulty with which
onboard activities are monitored, few studies address
the costs and benefits of monitoring marine capture fisheries (Sutinen and Andersen 1985, Kuperan
and Sutinen 1998, Sutinen and Kuperan 1999). For
these reasons, discards remain particularly difficult
to manage.
Discards are a classic common pool resource
problem, and they can generate negative ecosystem,
social, and economic impacts. Fishers are incentivized to discard unwanted catch in order to increase the
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value of their landings and comply with their license
to target a specific species. It is estimated that about
10.8% of all fish are discarded globally, on average
(Pérez Roda et al 2019), with a majority of discards
occurring in trawl fisheries. Discards cost individual
fishing operations little, but their increase results in
negative outcomes for other fishers due to declines
in fish stock and community. Increased mortality
of living marine organisms can alter marine food
webs (Pauly 1998, Essington et al 2006), and selective mortality reduces the reproductive value of a targeted stock (Myers et al 1995, Keith and Hutchings
2012). Socially, discards are foregone animal proteins
and therefore represent wastage, and in some cases,
can threaten adequate animal protein intake among
coastal populations (FAO 1996). Discards are also
economically wasteful and represent poor maximization of fishery resource rents (Alverson et al 1994).
Conservationists, industry, and policymakers alike
agree that discards must be minimized to meet sustainable development goals and to maximize the blue
economy (Sigurðardóttir et al 2015, Asche et al 2018).
Reducing discards is costly. They occur because
of (1) suboptimal decision-making when choosing
fishing areas, (2) poor on-board harvesting and processing techniques, (3) a lack of investment in more
selective fishing gear, and (4) because bycatch are not
required to be landed (Kronbak et al 2009, Catchpole
and Gray 2010, Condie et al 2013). In other cases,
management instruments designed to improve economic efficiency and secure conservation outcomes
can have the unintended consequence of creating discards. In fisheries that employ quotas, such as a total
allowable catch, highgrading—the process of discarding less valuable fish to make room for more valuable
ones (Anderson 1994, Vestergaard 1996)—can occur
if not deterred by policy design and regulation.
Working together, fisheries engineers, industry,
and academia have made technological advances
to pilot, develop, and deliver more selective fishing gear, real-time monitoring of fishing, and other
data-enhancement techniques, to reduce fishery discards (Catchpole and Gray 2010). Government are
also addressing discards through a range of efforts,
including the auditing of logbook data from fishing vessels, at-sea boarding of fishing vessels by
coast guard authorities, and through at-sea fishery
observer programs (Condie et al 2013, Sardà et al
2015, Sigurðardóttir et al 2015). Fishery observers are
deployed for monitoring and control purposes as well
as for scientific assessment of fish stocks (Gilman et al
2019). Studies that evaluate the performance of fishery observers as an enforcement tool are descriptive
but not analytical, showing that fishery observers prosecute for discarding and reporting violations (Porter
2010), and that observers and skippers may underestimate discards (Catch, Effort and Discard Estimates
in Real time 2008). These studies, however, do not clarify the extent to which—if any—fisheries observers
2

influence the reporting and production of discards
(Queirolo 1995, Catch, Effort and Discard Estimates
in Real Time 2008, Feekings et al 2012). However,
one Arctic fishing nation has collected comprehensive
data on observed and unobserved commercial fishing, which facilitates the estimation of how observers
influence discard reporting.
Greenland is a semi-autonomous Arctic territory, and 99.4% of its exports are derived from fish
and shellfish products (Kâjangmat 2020). Greenland
legislative provisions ban—with few exceptions—
skippers from discarding fish and shellfish (Government of Greenland 2011). Commercial fishing consists of targeted catch, bycatch, and discards (figure
1). Targeted catch is the catch a skipper desires, is
licensed, and has a quota to fish. Bycatch are fish
caught accidentally, such as Atlantic redfish (Sebastes
marinus) or Greenland shark (Somniosus microcephalus) caught in trawls while skippers target Northern
prawn (Pandalus borealis). Some bycatch have market
value (e.g. Atlantic redfish) and are kept and landed,
whereas other bycatch (e.g. Greenland shark, or corals, starfish, and sponges) do not. Discards constitute
primarily unmarketable catch damaged during production (e.g. fishes bruised from a net, stepped upon,
or dropped from a conveyor belt onto a factory floor).
Few exceptions allow for the discarding of bycatch
(Government of Greenland 2011).
Skippers and fishery observers must document
all targeted catch, bycatch, and discards. Bycatch
and targeted catch must be stowed/landed, and they
cannot be discarded, whereas discards are disposed
of at sea. 4 Hauls consisting of more than 10%
bycatch require skippers to move to another position. Skippers that contravene these provisions are
subject to fine, confiscation of gear and the value
of their entire catch, or both. The Government of
Greenland has a history of prosecuting violators
(Nedergaard 2018). This legislation and regulation
exists to minimize discards because discards represent a waste of living marine resources, the benefits
of which cannot be captured and returned to the
Greenlandic citizens as taxable revenue on exports. A
description of relevant legislation related to Greenlandic fisheries management is provided in supplementary materials (SI table 1 (available online
at stacks.iop.org/ERL/15/0940c4/mmedia)). Within
this regulatory framework, fisheries observers are
deployed to keep track of and minimize discarding.
Using logbooks that record each time an offshore or nearshore vessel in Greenland hauled in
fishing gear, this research examined the impact of
onboard observers on discard reporting. Assuming fishers do not want to overreport discards, we
tested three hypotheses. First, we hypothesized that if
4In nearly all cases, discards are disposed of at sea. However, new

vessels have the capability and authorization to render discards into
fishmeal and stow them in the hold, rather than wasting them.
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Figure 1. A schematic illustration of how skippers fish and report catches.

observation demonstrates a positive effect on reported discards, then fishers are likely to be systematically underreporting their discard weights when unobserved (Zwanenberg and Smith 1983, Porter 2010).
Second and alternatively, we hypothesized that if
observation demonstrates a negative reporting effect,
onboard observers likely deter discarding behavior
when onboard (Becker and Landes 1974, Furlong
1991). And third, we posit a null hypothesis that a
nonsignificant relationship between observation and
discard reporting would demonstrate that onboard
monitoring has no impact on reporting behavior.

2. Methods
We analyzed all nationwide offshore and nearshore
fishing in Greenland where fishery observers are
deployed. Small-scale fishers, defined as fishers using
vessels less than 6-m length, are exempt from onboard
monitoring in Greenland. We conducted nationwide
and fishery-specific analyses, focusing on the four
largest (in terms of live weight of landings) and
economically significant (in export value) Greenlandic fisheries: Northern prawn (Pandalus borealis),
Atlantic mackerel (Scomber scombrus), Greenland
halibut (Reinhardtius hippoglossoides), and Atlantic
cod (Gadus morhua). Figure 1 depicts how commercial fishing takes place and how skippers and fishery
observers document catches, which in turn constitute
logbook data. We were able to identify reported discard discrepancies because logbooks of a given fishing
trip record targeted catch, bycatch, and discards each
time fish are caught. All catches, including discards,
are weighed to the kilogram with scales and baskets
in accordance with current fisheries legislation (Government of Greenland 2010).
The use of high-resolution, haul-level logbook
data is uncommon in the study of how conservation
efforts influence fishing behavior. Haul-level analyses
are often preferred to trip-level analyses, due to the
higher resolution information they provide (Catch,
Effort and Discard Estimates in Real Time 2008).
3

We used logbook data on individual hauls to adjust
estimates of observer impact on discard reporting of
live weights of fish or shellfish (kg) based on variables that confound this causal relationship. Specifically, we adjusted our estimates based on the gear type,
species caught, vessel, skipper, license type, and location recorded for each haul (table 1).
We used anonymized logbook records from January 1, 2012 to May 21, 2018. We chose 2012 as a
temporal baseline because data quality conventions
introduced in that year increased our confidence in
the integrity and consistency of logbooks from 2012
and onward. The supplemental information contains
further details on the rigor and usefulness of logbook data. Our data is comprised of 129 741 unique,
individual hauls during 2724 fishing trips conducted by 213 fishing vessels, representing every time
that fishers hauled in their gear while catching fish in
Greenlandic waters. The Greenlandic fishing fleet is
largely considered to be aged, but a handful of stateof-the-art vessels employ highly selective gear and
fish detection systems, and effectively haul and process catches to minimize discards (Geraae 2019, KNR
2020). Vessels often have licenses and quotas to fish
multiple species (e.g. targeting prawns but catching
redfish as bycatch), but rarely target more than one
species at a time.
Several studies of observer programs have cited
treatment bias as a major barrier to studying their
effectiveness (Catch, Effort and Discard Estimates in
Real Time 2008, Porter 2010). To control for treatment bias, we conducted exact matching (King 2010),
which pre-processes a dataset to include treated and
non-treated units that are exactly similar across categorical variables. Matching methods are becoming common in the environmental sciences (Agrawal
2014) because they improve the estimation of causal
effects of an environmental intervention by limiting
model estimates to only include treated units and the
most similar control units (Baylis et al 2016, Ferraro
et al 2019). As is regularly the case in observational
studies of environmental interventions in fisheries, a
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Table 1. Table of all variables tested, which are known to drive discards in fisheries.

Variable Name

Name

Description

SPECIES_ENGLISH
GEAR_CAT
VESSEL_NATION
QUOTA_NATION

Species English
Gear Category
Vessel Nation
Quota Nation

AREA_DESC_UK
YEAR
LICENSE_OWNER_ID

Area Description English
Year
License Owner ID

VESSEL_IDF:

Vessel ID

Species name in English (e.g. cod, prawn)
The types of gear used (e.g. trawl, longline, pot, seine)
Foreign or Greenlandic vessel
Foreign or Greenlandic holder of a quota to fish in
Greenlandic waters
NAFO designations of fishing areas (e.g. 1D, 1E, 1A)
The year of the fishing activity
The number assigned to the person or firm that owns
the fishing license
The number assigned to the vessel involved in fishing

relatively small portion of the overall population are
exposed to a treatment, with most of the population
left untreated (Rosenbaum and Rubin 1985). An
appropriate example of this is a fishery observer,
who can only be deployed on a small portion of
the total fishing fleet for reasons of cost, convenience, and access. No matching studies have been conducted on the impacts of fishery observers on catch
outcomes. This research leveraged the large number of haul observations within Greenlandic logbook
data—an important prerequisite for effective matching research (King 2011, Agrawal 2014)—to rigorously estimate the effect of on-board monitoring.
To ensure the robustness of our findings, we
matched observed hauls to unobserved hauls using
three approaches that make explicit use of spatial
information at the haul-level (King 2011). First, we
matched all unobserved hauls to observed hauls using
exact matching for all variables in table 1 (Match 1).
Second, we matched the single most similar unobserved haul to each observed haul using Mahalanobis
nearest neighbor matching on latitude and longitude as well as exact matching for all aforementioned
variables (Match 2). Third, we matched the (up to)
three most similar unobserved hauls to observed
hauls using Mahalanobis nearest neighbor matching for the latitude and longitude of observed hauls
(0.25 caliper) as well as exact matching for all aforementioned variables except the Northwest Atlantic
Fisheries Organization (NAFO) fishing areas (Match
3). These three different approaches represent different methods for controlling the location in which a
haul occurred. We adjust for time by matching hauls
within a year, and we check the robustness of our results to matching within season and year.
After matching observed to unobserved hauls, we
regressed reported discards onto treatment (observed
or unobserved) to estimate the effect of observation on the hauls that were observed. We then use
these models to estimate reported discards for all
hauls, were they to have been observed. The difference between reported and estimated discards represents the observer effect. Assuming that (1) discards
are faithfully reported when observers are onboard,
and (2) our results do not suffer from omitted
4

variable bias, estimating an observer effect provides
insight into fishery discards from hauls that were
unobserved. We performed all matching and modeling in R (Ho et al 2007, 2011).

3. Results
We found that discards comprise a small and decreasing percentage of overall targeted catches, but
observed hauls had higher reported discards than did
unobserved hauls before adjustment. For all hauls
between 2012 and 2018 with discarded or retained
catch (n = 129 741), discards composed 7.4% of
individual haul weight. The increase in overall discard weight and the decrease in the proportion of
discards by overall catch indicates annual increases in
fishing volume and efficiency (figure 2).
After adjusting for confounding variables,
onboard observation had a significant, positive
impact on reported discards. Observed hauls vary
widely across time, space, and fisheries which enables
efficient statistical matching (table 2). Exact matching
(Match 1) generated a dataset of 24 160 of observed
and 39 053 unobserved hauls (n = 63 663) that
shared identical values for key variables associated
with observation and discard reporting (figure 3).
Across all fisheries, between 36.3 kg and 38.6 kg more
discards are reported when compared to unobserved
hauls, depending on the matching approach (SI table
3). All matches are visualized in the supplemental
information (SI figure 1), and the observer effect is
robust to seasonal variation (SI table 2 and SI table 3).
All estimates, regardless of matching method,
report a significant and positive observer effect, with
the greatest difference between reported discards in
the cod fishery. Matches 1 to 3 and their associated
models estimate the average observed discard per haul
to be 6.5 kg to 8.8 kg lower than unmatched models. This suggests that matching adjusted for a small
selection bias in the occurrence of onboard observation. Our data suggest that fishery observers have
a positive and significant effect on reported discard
weights per haul. We therefore reject both the alternative hypothesis that fishery observers deter skippers
from creating discards, and the null hypothesis that
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Figure 2. Panel A: Line chart of discard weight differences between observed and unobserved hauls. Panel B: Bar chart of yearly
decreasing trends of the proportion of discards per haul, 2012–2017. Error bars represent 95% confidence intervals.

Table 2. Matching variables, sample sizes, and outcomes. Checkmarks indicate that a variable was matched across observed and
unobserved hauls. All matching was exact except for Latitude and Longitude, which were matched via Mahalanobis matching.

Variable

Unmatched

Majority species hauled
Fishing gear
Vessel nation
Quota nation
Area category
Year
Vessel identification
License owner
Latitude
Longitude
Fishery Category
All Species

X
X
X
X
X
X
X
X
X (0.43)
X (−0.40)

Atlantic Cod
Greenland Halibut
Mackerel
Prawn

Match 1
Match 2
Matched (Standardized Mean Difference)

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
X (−0.083)
3 (0.01)
X (−0.16)
3 (−0.016)
Total Hauls (Observed: Unobserved)
129 864 (29 529: 100 335) 63 663 (24 160:
39 448 (19 724:
39 503)
19 724)
16 670 (1975: 14 695)
4491 (1184: 3307)
1813 (906: 907)
22 061 (2656: 19 405)
2460 (1084: 1376)
1431 (702: 729)
6693 (1840: 4853)
2211 (816: 1395)
1388 (685: 703)
61 294 (19 802: 41 492)
41 130 (18 687:
31 119 (15 539:
29 443)
15 581)

fishery observers have no systematic effect on discard
reporting.

4. Discussion
Discards in fisheries are a threat to the conservation of living marine resources (FAO 1996), but
5

Match 3
3
3
3
3
X
3
3
3
3 (−0.0036)
3 (0.016)
42 051 (25 848:
12 203)
2830 (1630: 1200)
2311 (1629: 682)
1374 (816: 558)
31 344 (19 245:
12 099)

methods for quantifying the extent of discards and
the effectiveness of discard mitigation efforts remain
wanting (Catchpole et al 2014, Rochet et al 2014,
Sigurðardóttir et al 2015). Discard estimates are useful for understanding how fishing fleets are improving
their performance and reducing their resource waste;
however, they say little about how much discarded
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Figure 3. Estimates of average discard weights per haul (a) and observer effect on discard reporting (b). All Species refers to all
species that are commercially fished in Greenland, including Atlantic Cod, Greenland Halibut, Mackerel, and Prawn. Point
estimates use Match 1. Error bars represent 95% confidence intervals.

fish are underreported when fishery observers are
not on board. Leveraging data rich logbooks and
variation between observed and unobserved hauls,
our study provides a methodology for estimating
the extent of discards in Greenlandic commercial
fisheries.
We support the conclusion that discards are
underreported when fisheries observers are not
onboard. Focusing on Greenland, our study shows
that high levels of underreporting occur despite great
effort to monitor onboard fishing activity. Using
matching techniques, we estimated that 36.3 kg to
38.6 kg per haul of discards are not reported, and
that reported discards account for 57.2% to 58.5% of
total discards. This finding emphasizes the importance of accounting for potential reporting bias using
additional information included in reports or logbooks. These results suggest that fishery observer
programs are an effective tool in an ecosystem-based
approach to fisheries management and they improve
our understanding of the environmental impacts of
commercial fishing.
6

We encourage future research that advances the
monitoring of fishing activity at sea. Other fishing nations with similar monitoring protocols may
exhibit similar trends. The analyses presented here
would be feasible in other contexts where haullevel logbook data and information on observer—
both human and electronic/video-based—coverage
are available. Unlike human fishery observers, electronic monitoring can reduce costs and occupational hazards to human observers while still helping to address the problem of underreporting discards
(Hoard 2005, van Helmond et al 2015). Advances in
electronic monitoring may further reduce observer
deviation from true discard weights, which are known
to occur among human fishery observers (Catch,
Effort and Discard Estimates in Real Time 2008).
Our data suggest that all commercial fishing trips
in Greenland exhibit significant discrepancies in discarding percentages between trips with and without
observers onboard. These discrepancies are a problem because current global estimates of fishing pressure do not include this source of resource waste
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(Anticamara et al 2011, Watson et al 2013, Kroodsma
et al 2018). We estimate discards can be underreported by as much as 41.5%. Although underreporting
percentages will vary across global fisheries, including precise and reliable underestimates can improve
future assessments of global fishing pressure.
There are several reasons why skippers systematically might report fewer discards when nobody is
watching. First, weighing discards is prone to human
error. Though the law requires weight of discards to
the kilogram, discards may be approximated without
using a scale. Even if weighed by scale, discards are
handwritten in logbooks and not entered digitally,
potentially leading to another source of human error.
Whereas an observer is tasked with documenting
discards in the logbook when present, a skipper is
responsible for several tasks at once and may not
be able to immediately and faithfully record discards
from all production facilities. Finally, it may be the
case that skippers intentionally underreport discards
when they are not observed to conceal noncompliant
fishing practices.
On a positive note, our results suggest that the
proportion that discards make of the total catch is
decreasing each year. Greenland’s performance in this
area runs counter to the increase of discards produced globally, which increased slightly since it was
last estimated (Kelleher 2005, Pérez Roda et al 2019).
In addition, Greenland’s discard percentage is several times lower than the most recent global average
of 10.8% (Pérez Roda et al 2019). This result suggests that Greenland’s commercial fishing fleet continues to maximize economic efficiency and reduce
its waste of living marine resources. It also suggests
that an ecosystem-based approach to fisheries may
not be mutually exclusive with the goal of profit
maximization.
However, the results of our study also illustrate
surprising characteristics for systematically underreporting discards. For example, the effect of observers
on discards was lowest for the highest value fisheries,
which runs counter to studies of the costs and benefits of engaging in unlawful activity on both conceptual and empirical grounds (Becker and Landes 1974,
Hønneland 1999, Keane et al 2008). During fishing
trips for the highest value species, such as Greenland halibut or Northern prawn, we found the lowest differences in discard reporting, with and without
observers present. This result is surprising, given that
prawn fisheries are prone to highgrading (i.e. massdiscarding of smaller shrimp to make room for larger shrimp). The result might indicate shrimp fishers upheld a legislative ban on highgrading, and
that institutional measures for controlling discards
can have unintended consequences on lower value
species (Catchpole et al 2014) and exacerbate noncompliance in fisheries with limited monitoring, control, and surveillance (Condie et al 2014).
7

The effect of fishery observers on lower value species can be seen in the case of Atlantic cod fishing.
Though Atlantic cod stocks surrounding Greenland
are stable and improving (International Council for
the Exploration of the Sea 2019, Snyder 2020), discarding cod in comparatively larger quantities should
alarm managers, as fishing pressure for cod is likely to
continue to increase under current conditions (International Council for the Exploration of the Sea 2019).
It is important to note that Atlantic cod hauls were
observed at the lowest percentage (11.8%), as compared to the top four fisheries in Greenland. Our
finding that a lower valued fishery was observed less
frequently and contained more underreported discards underscores why fishing activity of all value
classes can benefit from improved monitoring, general communication to skippers of best practices for
reporting catches, and continued vetting protocols
or technology to streamline catch reporting at sea
(van Helmond et al 2015, Larcombe et al 2016). This
finding also suggests fisheries that bear ecolabels and
thus receive additional enforcement attention, such as
Greenland’s Northern prawn fishery, may have unintended consequences on the allocation of enforcement resources to other fisheries.
Our results outline the magnitude of the problem,
but there is still a need for future research to examine other sources of error in the reporting of marine capture fisheries. Knowing how much skippers’
reports discards deviate from true discards demands
additional research because fishery observers, while
intimately familiar with the regulations and practices of handling discards, are also prone to underestimating discard weights (Catch, Effort and Discard
Estimates in Real Time 2008). Further evaluation of
how well enforcement efforts work may help skippers, conservationists, and government alike, decide
whether they feel that increased observation of fishing activities is warranted and legitimate.
In Greenland, in a region with world-class fisheries enforcement, the underreporting of discards is
extensive. Our findings that underreporting exists—
be it intentional or accidental—underscores the
need for fisheries managers and enforcement entities worldwide to understand the extent and the origins of underreporting. Improved understanding of
how discards are produced is an important next
step for minimizing discards and conserving marine resources. While command-and-control enforcement with fishery observers significantly alters catch
reporting behavior, it is time to develop more inclusive, transparent, and collaborative approaches to deal
with fishing fleets’ waste of living marine resources.
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