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Results show that �sh species dominated the bycatch,
followed by tunicates and other crustaceans
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The Antarctic krill (Euphausia superba) is an important �shery resource in the Southern Ocean, and its
commercial exploitation is expected to increase as a source of protein for human and animal
consumption. The �shery is managed under the Convention for the Conservation of Antarctic Marine
Living Resources (CCAMLR (https://www.ccamlr.org/)), which applies a precautionary approach with a
set annual catch limit for the southwest Atlantic sector of 620,000 tons.

This management approach was used to safeguard against potential detrimental effects on other
ecosystem components, including the Antarctic krill population itself, from effects of localized
overexploitation with insu�cient knowledge. The total annual catch
(https://�shdocs.ccamlr.org/FishRep_48_KRI_2020.pdf) of Antarctic krill from this region ranged from
160,000–450,000 tons during 2010–2020.

The de�nition of bycatch (http://www.ccamlr.org/node/73033) used by CCAMLR includes “the
incidental catch of all living and non-living material (excluding target species).” Antarctic krill are
utilized by humans primarily in two ways, �rstly in an indirect fashion as �sh meal for aquaculture and
secondly, the oil is directly consumed by humans in health food products such as Omega-3 oils. Given
the size of the �shery, the importance of its products to human populations, the exploitation rate
relative to estimated global stock size and consequently the desire to expand the �shery, understanding
the degree and signi�cance of bycatch and its impact on Southern Ocean ecosystem processes is
becoming increasingly important.

This article – summarized from the original publication (https://doi.org/10.1111/fme.12607) (Krafft,
B.A. et al. 2022. Bycatch in the Antarctic krill (Euphausia superba) trawl �shery. Fisheries Management
and Ecology Volume 30, Issue 2, April 2023, pages 154-160) – reports on a study to characterize the
degree, signi�cance and functional diversity of bycaught taxa within the trawl �shery for Antarctic krill.

This study reviewed the bycatch in the Antarctic krill trawl �shery, and
results showed that �sh dominated the bycatch, followed by tunicates
and other crustaceans. Photo by Shannon Lyday/NOAA (CC0, via
Wikimedia Commons).
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(https://events.seafoodfromscotland.org/)

Study setup
The �shery for Antarctic krill has a year-round season, starting on Dec. 1 and ending on Nov. 30 of the
following year. Herein, each CCAMLR �shing season was designated as the year in which the �shing
season began. SISO observers used two different sampling strategies during the study period. From
2010 to 2018, observers collected 25 kg sampled randomly from the trawled catch, from which taxa
were sorted.

After all bycatches (https://�shdocs.ccamlr.org/FishRep_48_KRI_2020.pdf) had been sorted from 25-kg
samples, observers re-examined a 10-kg subsample and two 1-kg sub-samples of each 25-kg sample.
Beginning in 2018, the procedure was changed to only examine the 25-kg sample, because 98 percent
of species present were identi�ed from the 25-kg sub-sample.

As the �shery has both a spatial and seasonal pattern of operation, we further decomposed this
bycatch into its spatiotemporal distribution with the goal of providing more management-relevant
information. Speci�cally, understanding spatiotemporal patterning of bycatch throughout the current
distribution of the �shery may provide insight into potential bycatch issues should the �shery either
expand into previously un�shed areas or re-enter historical �shing grounds for which no information
exists. To achieve this, we analyzed data from the Observer Bycatch (krill) dataset of the CCAMLR C1
�sheries database for the period over which CM51-07 has been in effect (2010–2020), including
registrations from the entire �shing �eet targeting Antarctic krill. For detailed information on the data
and analyses, refer to the original publication.

https://events.seafoodfromscotland.org/
https://fishdocs.ccamlr.org/FishRep_48_KRI_2020.pdf
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Results and discussion
Sporadic reports representing parts of data associated with bycatch in the Antarctic krill �shery exist,
but our study is the �rst time these data have been reviewed in the context of characterizing their ability
to describe bycatch rates and composition in different �shing areas and throughout the season.

During the 2010–2020 �shing seasons in the southwest Atlantic sector of the Southern Ocean and
across the Scotia Sea �shing only occurred in Subareas 48.1, 48.2 and 48.3 (Fig. 1). Total annual
�shing effort averaged 4591 hauls (SD = 734 hauls) and observer coverage averaged 20 percent. Fish
dominated in the bycatch in all three areas, followed by tunicates in the 48.1 and 48.2 areas, and other
crustaceans and tunicates in Subarea 48.3.

Will krill fulfill its promise as an
aquaculture feed ingredient?

Krill has been shown to augment aquafeeds but utilizing and protecting
the resource demands specialized equipment and a patient,
collaborative approach.

Global Seafood Alliance
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Bycatch in the Antarctic krill �shery (range = 0.1–2.2 percent) was lower than for other trawl �sheries
globally (https://doi.org/10.1038/s41598-020-71021-x) (range = 10–55 percent), of which pelagic otter
trawl �sheries are the lowest (10 percent). Bycatch sampling of �shing activity (observer coverage) in
the Antarctic krill �shery was also high with a 20 percent coverage. If the observer samples are an
unbiased sample of the �shery, literature review and simulation studies suggest that coverage levels of
at least 20 percent for common species, and 50 percent for rare species, would give reasonably good
estimates of total bycatch.

The highest weight of bycatch was during March–April in Subarea 48.1, February–March in Subarea
48.2, and June–August in Subarea 48.3 (Figure 2). Total bycatch was 25.1 (SD = 41.9) ton in Subarea
48.1, 14.9 (SD = 25.6) ton in Subarea 48.2 and 40.2 (SD = 54.8) ton in Subarea 48.3 (Fig. 2).

Fig. 1: Proportional distribution of cumulative bycatch taxa recorded
from the Antarctic krill �shery in subareas 48.1, 48.2 and 48.3 of the
Southwest Atlantic sector of the Southern Ocean and across the
Scotia Sea during the 2010–2020 �shing seasons.

Fig. 2: Seasonal distribution (left panel) and total distribution of
bycatch (right panel) the Antarctic krill �shery in subareas 48.1, 48.2

https://doi.org/10.1038/s41598-020-71021-x
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Total catch of Antarctic krill more than doubled, from 200,000 tons to over 450,000 tons, during 2010–
2020 (Fig. 3). Catch increased during the preceding decade but increased the most during the last 3 
years. Except in 2010 (2.2 percent), the bycatch ratio from SISO Observer logbook data ranged 0.1–0.3
percent. Total annual observed bycatch averaged 6.3 tons (±6.2 tons, range = 0.1–19.5 tons) by
continuous pumping trawlers and 19.2 tons (±20.5 tons, range = 0.9–51.3 tons) by conventional
trawlers during 2010–2020.

and 48.3 of the Southwest Atlantic sector of the Southern Ocean and
across the Scotia Sea during the 2010–2020 �shing seasons.
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The Southern Ocean has a short-chained food web with many species, but only a few dominate its
biomass. Antarctic krill are targeted by trawlers when aggregated in swarms large enough to maintain
optimal factory productivity that seemingly contains few other species (this study), which likely
explains the low bycatch in the Antarctic krill �shery compared to trawl �sheries in other ecosystems,
particularly the large difference between our study and estimated discard
(https://doi.org/10.1038/s41598-020-71021-x) for other crustacean trawl �sheries. 

In the context of providing management relevant information concerning the potential ecosystem
impact of bycatch, a higher degree of taxonomic information may be important. Reporting bycatch to
the species level may enable more precise spatiotemporal monitoring, particularly for rare or
ecologically important species. However, increasing resolution in the description of bycatch would likely
require more taxonomic training of observers doing onboard monitoring, with a commensurate increase

Fig. 3: Total catch (top panel) and bycatch (bottom panel) in the Antarctic krill �shery in subareas 48.1,
48.2 and 48.3 of the Southwest Atlantic sector of the Southern Ocean and across the Scotia Sea during
the 2010–2020 �shing seasons.

https://doi.org/10.1038/s41598-020-71021-x
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in workload. In the management of some other trawl �sheries, large efforts are devoted to streamline
and reduce manual bycatch (https://doi.org/10.3390/su132212362) monitoring methods by
employing new technologies like continuous camera monitoring and near-real-time bycatch description
using machine and deep learning computational approaches, which likely will be the future solution
also in the Antarctic krill �shery.

Reported discards from the Antarctic krill �shery decreased from almost 2000 tons in 2010 to nearly
zero from 2018 onwards. These earlier, relatively high, levels of discards were presumably damaged or
imperfect and therefore un�t for production. Given that the Conservation Measure CCAMLR put in place
limited the discarding of catch to north of 60 degrees South, the trend of decreasing discards to zero
presumably re�ects the re�nement and development of �shing technology over time culminating in the
incorporation of all discards into the meal production process in recent years.

Similarly, since 2018 once bycatch is recorded to determine ecosystem impacts, it has then been used
to manufacture meals. Consequently, bycatch in the Antarctic krill �shery is not a discarded waste
product of marine resources as in other �sheries but a utilized aspect of the catch. The krill �shery is
expanding, with two different �shing techniques both of which �uctuate greatly in rates of discard but
with no clear difference between them. Future studies should assess whether one method consistently
has a lower bycatch than the other method.

Total catch of Antarctic krill increased during 2010–2020 and is expected to continue to increase in the
future due to increased market demand by the �sh-farm feed industry and omega-3 nutraceuticals for
human consumption, which constitute major products for krill. The �shery is also expected to expand
beyond its current geographical extent into historical �shing grounds used in the 1970s and 1980s.
Newer �shing vessels have a longer range and more storage capacity and extended use of supply
vessels facilitates logistical challenges that can make �shing in these areas pro�table. Quotas are
already set and available in the South-West Indian sector of the Southern Ocean, but the potential
diversity and distribution (https://doi.org/10.1016/j.dsr2.2009.11.002) of bycatch species is also likely
to differ.

Perspectives
The �shery today is well monitored through high observer coverage, which makes the approach robust
in detecting any rapid changes in bycatch levels or composition in existing as well as in new �sheries.
Maintaining a high observer coverage (http://www.ipcc.ch/sr15/download/) of �sheries bycatch is
important as the temporal stability in bycatch patterns also will be impacted by a warmer climate.

Accurate data is essential to understand whether management strategies and implementing �shing
method modi�cations are effective at mitigating impact. The review of the bycatch species we present
here included groupings on a high taxonomical level, but observer data are available at a �ner
taxonomic resolution. For some species or groups, their representativeness to describe impacts from
changes in the physical and biological environment can also be studied.
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