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The northern shrimp (Pandalus borealis) �shery is one of the most economically valuable �sheries in
the Northwest Atlantic, the eastern Canadian Arctic, and the Barents Sea. It generates 90 percent of
Greenland’s export value and is the most valuable invertebrate �shery
(https://doi.org/10.2960/J.v27.a6) in the Barents Sea. However, shrimp �sheries are associated with
bycatch issues (https://doi.org/10.1016/j.�shres.2005.06.010), in particular from juvenile gadoids,
such as Atlantic cod (Gadus morhua) and polar cod (Boreogadus saida). Moreover, polar cod has a
circumpolar distribution, can account for 95 percent of the pelagic �sh assemblage in the Arctic, and
has a pivotal role in the Arctic food web as a key forage �sh species
(https://doi.org/10.1525/elementa.2022.00097).

The ecology and stock abundance of all three species is monitored through trawl or acoustic-trawl
surveys. However, sampling in ice-covered waters is generally impossible. There is a need to develop a
method to validate and classify their acoustic signal using solely acoustics to improve assessment
surveys, evaluation of bycatch risks, and ultimately forecasts in stock dynamics at high latitudes. The
classi�cation of coincident species could help assess the bycatch risk prior to setting the trawls or to
inform policy and models on ecosystem distribution patterns and biomass attributions. Remote target
classi�cation with broadband acoustics could also bene�t stock assessment surveys and estimates by
increasing spatial resolution, access to remote areas, and sustainability by reducing survey time and
costs related to trawling and sorting of catch.

Using in situ mesocosm experiments for the broadband acoustic

classi�cation of Atlantic cod, polar cod and northern shrimp. The

three sympatric species studied demonstrated clear differences in

their target spectra when tested in monospeci�c mesocosm

experiments, with machine learning classi�ers showing strong

performance. Photo by U.S. National Oceanic and Atmospheric

Administration (Public domain, via Wikimedia Commons).
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A protocol to process and classify broadband acoustics is not only required in the Arctic but would also
improve hydroacoustic surveys globally. Hydroacoustic surveys
(https://doi.org/10.1093/icesjms/fsp014) are widely used to monitor pelagic �sh stocks. They provide
high spatio-temporal resolution of �sh abundance and distribution and are less invasive than
traditional net monitoring.

This article – summarized (https://creativecommons.org/licenses/by/4.0/) from the original
publication (https://doi.org/10.1016/j.�shres.2025.107388) (Dunn, M. et al. 2025. Broadband acoustic
classi�cation of Atlantic cod, polar cod, and northern shrimp in in situ mesocosm experiments.
Fisheries Research Volume 286, June 2025, 107388) – reports on a study that used a series of single-
species mesocosm experiments with broadband hydroacoustics to classify the acoustic backscatter
from three sympatric (species or populations in the same or overlapping geographical areas) species:
Atlantic cod, polar cod, and northern shrimp, and provided a protocol to measure target spectra of
pelagic organisms, not only from the Arctic, but globally.

(https://cvent.me/m23mdm)

Study setup
As a step towards automatic in situ classi�cation, we conducted a series of single-species mesocosm
experiments for broadband target strength spectra measurements of Atlantic cod, polar cod and
northern shrimp.  Atlantic cod, polar cod, and northern shrimp were collected from a research vessel
pelagic and bottom trawls in three fjords in Svalbard (Billefjorden, Krossfjorden, and Konsgsfjorden in
Norway.

Mesocosm experiments were completed with a Wideband Autonomous Transceiver (WBAT) and
collected individual target strength spectra, TS(f), between 90–170 kHz and 185–255 kHz. Hundreds of
TS(f) were extracted for each species and used to train machine-learning classi�cation algorithms (i.e.
classi�ers).

For detailed information on the experimental design, equipment used, and sample and data collections
and analyses, refer to the original publication.

https://doi.org/10.1093/icesjms/fsp014
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.fishres.2025.107388
https://cvent.me/m23mdm
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Results and discussion
The high classi�cation performance for the three sympatric marine species is a promising result for
spectral-based classi�cation of targets from broadband echosounders. The results show that Atlantic
cod, polar cod, and northern shrimp can be differentiated using their target spectra with a single 200
kHz transducer. Presumably, the range of target spectra complexity and morphological differences of
the three species ensured the high performance of the classi�ers.

Atlantic cod’s target spectra were found to be the most complex, with the greatest total variation in the
target spectra. The multiple scattering features (constructive and destructive interference) within the
individual Atlantic cod targets must have originated from the backscatter of different organs interfering
with each other. We thus expect that discriminating and classifying between several morphologically
complex species, such as Atlantic cod, will be more challenging (https://doi.org/10.1121/1.1614257),
 especially in aggregations.

Fig. 1: (A) Schematic of the frame with the small zooplankton net (left;

northern shrimp experiment) and large �sh net (right; Atlantic cod and

polar cod experiments). The acoustic transceiver (yellow cylinder) is

attached to the frame and the transducers (orange cylinder, two in

this experiment). There is a hole at the top of the net for the

transducer faces to be unobstructed inside the net. (B) The AFKABAN

mesocosm with the large �sh net lifted with the crane at the end of the

experiment. (For interpretation of the references to color in this �gure

legend, the reader is referred to the web version of this article.).

Adapted from the original.

https://doi.org/10.1121/1.1614257
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In contrast, polar cod target spectra had an intermediate spectral complexity with some ripples and a
relatively consistent slope across the spectra. During the target selection of polar cod, results

suggested each individual had a single dominant scattering feature (i.e., the swim bladder) and
explained the absence of large nulls and peaks (Fig. 2H). The northern shrimp had the lowest total
variation in the target spectra with some ripples in the 94–158 kHz bandwidth but predominantly �at
normalized target spectra, especially in the 189–249 kHz bandwidth (Fig. 3D). The �ner temporal
resolution from the wider bandwidth may have revealed �ner-scale scattering features
(https://doi.org/10.1121/1.1648318), which are typically only discernible with higher frequencies.

Fig. 2: Examples of the target spectra of each selected detection from

an individual track of each species using multiplexing broadband

echosounders. An image of the species from the experiment: (A)

Atlantic cod, (B) polar cod, and (C) northern shrimp. (D–F) Echogram

from 120 kHz transducer of a selected isolated track from each

species labelled above. Measured target spectra of the selected

tracks; (G) Atlantic cod with 19 detections in the 94–158 kHz

bandwidth and 13 detections in the 189–249 kHz bandwidth (grey

lines), (H) polar cod track with 6 in the 94–158 kHz bandwidth and 4

target spectra in the 189–249 kHz bandwidth, (I) northern shrimp

track with 9 target spectra in the 94–158 kHz bandwidth and 10

target spectra in the 189–249 kHz bandwidth. Adapted from the

original.

https://doi.org/10.1121/1.1648318
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Target spectra amplitude and slope were used by Cotter et al. (https://doi.org/10.1121/10.0005114)to
classify target spectra into four classes based on selected scattering models (i.e., above, at, or below
resonance for gas-bearing organisms or �uid-like organisms). These categories were used to classify
mesopelagic �sh into size classes. Similarly, Roa et al. (https://doi.org/10.1121/10.0012192)
developed a taxonomical classi�cation of reef �sh with broadband backscattering models and
machine learning approaches, and reported that the nodes or “ripples,” typically found at higher
frequencies, were the prominent source of discriminating information. Based on previous studies and
the results from this study, we conclude that selecting classi�cation groups that have different levels of
spectral complexity, or average total variation, can positively impact classi�cation performance.

Broadband acoustic backscattering signals exhibit large unexplained variability
(https://doi.org/10.1016/j.�shres.2023.106611) between detections of a single target. Our results show
that this variability can be used to discriminate between different pelagic organisms. We observed a
comparable maximum variation in target strength of 33 dB re 1 m at 200 kHz within an Atlantic cod
track. However, polar cod and northern shrimp exhibited a smaller variation of target strength per track.
A mesocosm experiment, similar to this study but with fewer individuals with a larger measurement
range and optical veri�cation, could develop a better understanding of broadband acoustic target
strength variability.

Fig. 3: Target spectra of all single target detections from all single

species experiments. Each target spectra was recorded as target

strength (TS) over the 94–158 kHz or the 189–249 kHz bandwidth.

Panel A-D: target spectra of single echo detections organized by

species from the 200 kHz transducer. Panel E–H: L-normalized target

spectra. Adapted from the original.

https://doi.org/10.1121/10.0005114
https://doi.org/10.1121/10.0012192
https://doi.org/10.1016/j.fishres.2023.106611
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In the classi�cation process, the normalizing preprocessing algorithm removes the intensity component
of the target spectra (Fig. 3I–L). Normalizing the target spectra had the largest effect on the within-
spectra variability of northern shrimp. Though northern shrimp had the smallest maximum variability
per track, 7 dB re 1 m at 120 kHz and 8 dB re 1 m at 200 kHz, the intensity between individuals varied
greatly, especially over the 189–249 kHz bandwidth (Fig. 3D). The normalized shrimp target spectra
reduced variance, which showed that the northern shrimp had the most consistent target spectra
pattern despite the large variability in target strength intensity.

The high performance of the classi�ers in a controlled experiment is an important step towards in situ
target classi�cation. However, fundamental challenges should be addressed before in situ target
classi�cation can be achieved with mesocosm-trained classi�ers. One method to validate the
classi�ers would be to repeat the lowered acoustic probe experiments in an enclosed region, such as a
lake or smaller fjord, dominated by a single species to assess the error for that species.

Single species-dominated regions are commonly used in �sheries acoustics to associate the
backscatter with a single species. A more widespread method to use mesocosm-trained classi�ers
would be to have broader classes and to group species based on morphological features and
expected backscattering (https://doi.org/10.1038/s41598-021-89941-7). Alternatively, mesocosm
measurements (https://doi.org/10.1093/icesjms/fsad192) could be used to validate and improve

The role of sex and maturity stages in assessing trawl
size selectivity in Antarctic krill

Assessing size selectivity for fishing gear and population structures allows for better
understanding and modeling fishery impacts on Antarctic krill.
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broadband sound scattering models to improve on model-informed classi�cation. However, better
knowledge of the impact of multiple scattering features and their contribution to target spectra
complexity will also be necessary to successfully classify in situ broadband acoustic signals.

Further mesocosm experiments with populations from different fjords could improve our understanding
of the interspecies variability of target spectra and limit pseudoreplication
(https://doi.org/10.2307/1942661). The individual detections were used for the study because target
spectra were variable within a track, and the spectral complexity factors from the target spectra would
be �attened by averaging multiple detections from a track. Yet even though challenges remain before
applying classi�cation algorithms to in situ targets, this study demonstrates: (1) that pelagic organisms
can be discriminated based on the complexity of their target spectra shape using a single transducer,
and (2) that machine learning algorithms can e�ciently identify these target spectra.

Perspectives
Three sympatric species – Atlantic cod, polar cod, and northern shrimp – were found to have distinct
enough target spectra relative to each other in monospeci�c mesocosm experiments. Machine learning
classi�ers achieved high performance, especially the LightGBM and SVM classi�ers. We speculate the
variability in the level of complexity from the target spectra shape of the different species leads to the
high performance of the classi�ers on the normalized target spectra. The within channel target spectra
variability was distinct enough demonstrating that a classi�cation can be conducted with a single-
channel transducer centered at 200 kHz. Further studies should consider including target strength
intensity in classi�cation by not normalizing the target spectra to account for important target strength
information.

Based on a case study from Arctic species, this study advances the knowledge towards automating
spectral classi�cation for in situ classi�cation from a lowered acoustic probes or autonomous
underwater vehicles with payloads limited to a broadband echosounder and a single transducer. Further
mesocosm studies could help determine the taxonomic resolution to which mesocosm-trained
classi�ers can be used for in situ classi�cation, either by adding new classes of additional spatially
coinciding species, such as herring and capelin, or by joining new classes in the existing ones based on
their target spectra complexity.

An important application of spectral classi�cation is real-time warnings of bycatch risks to reduce cost
and trawling impact. In Arctic regions, forecasting bycatch risks could greatly impact the shrimp �shery
because excessive retention of non-regulated bycatch can increase fuel costs, loss of revenue, and
practical problems of onboard with sorting the catch. Finally, automated acoustic classi�cation
methods could increase our ability to monitor pelagic �sh stocks using acoustic surveys.
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