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Peru has long been in the spotlight for its fisheries' massive incidental catch, or bycatch,
rates. Furthermore, Peruvian fisheries have been discovered to use their bycatch creatures as bait
for their targeted species (Wickens, 2013). Cetaceans such as Dolphins have been one of the top
species affected by bycatch. Reports estimate that as many as 15,000 ¥
dolphins a year are used as bait (BlueVoice.org).

The main species of dolphin affected by their interactions with
fisheries are Burmeister's porpoises (Phocoena spinipinnis), dusky
dolphins (Lagenorhynchus obscurus sp. Posidonia), common
dolphins (Delphinus Delphis), and common bottlenose dolphins
(Tursiops truncatus). The reduction of these marine mammals comes
at a high cost to marine ecosystems.

Similar to humans, dolphins are complex, social creatures that reside
within family groups; often showing signs of depression and anxiety
if separated from their group. Dolphins play a crucial role in the overall balance of marine
environments. (NOAA.org) As predators, Dolphins are responsible for maintaining the marine
food chain and regulating fish populations they feed upon, including sick and diseased fish. They
also prevent sickness and disease from spreading to other populations, including humans.
(Sunshine Scenic Tours.com)

Peru, while being one of the globe's leading bycatch regions, is not the only country/region that
has faced this crisis. This article will explore other regions around the globe where the crisis of
bycatch has taken place, analyzing the bycatch species, the fishing activities causing it, and the
innovations/strategies implemented to reduce or eliminate bycatch.

California's Pacific Coast, the Gulf of Mexico, and the Baltic Sea will all be examined and
evaluated based on the previously mentioned factors. The insights and results from this article's
analysis of bycatch mitigation in other regions aim to provide similar strategies for bycatch
mitigation and reduction that can be implemented in the Peruvian fishing industry.

Background

Within the fishing industry, Peru stands as a giant, generating billions in revenue through the
exportation of fisheries. In 2023, Peruvian frozen fish products alone, such as squid, reached a
total export value of $1.565 billion, according to the article Peruvian superfishing takes the world
by storm published on Peru.info. Peruvian fishing has long been at the head of fishing exports;
Gregory Ferguson-Cradler, author of Coping with crisis: The Peruvian state-owned fishing
enterprise Pesca Perti, 1973-1998, states "the late 1960s Peruvian dishing boats harvested more
fish than any other country in the world...20% of total global fish yield in 1970 was Peruvian"
(Ferguson-Cradler, 2023).

There is no doubt that Peru is a vital member of the fishing industry. However, since the 1960s,
Pure has also been at the forefront of the global bycatch crisis. In the ProDelphinus Final Report
titled Estimating bycatch rates and abundance of small cetaceans in Pucusana, Peru to guide
management and conservation initiatives, (2024) says that since the mid-1990s “over 2,000 small



cetaceans were killed annually... with annual catch estimates exceeding 1,000 dusky dolphins
and more than 300 Burmeister's porpoises." (Alvarez et al., 2024)
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Bycatch is a major threat to marine ecology. The decrease in vital species populations has a
significant impact on the survival of different species and the maintenance of balance. Bycatch
also significantly harms the sustainability and resilience of fishing communities and economies.
(Durant et al., 2025) Peru's fishing industry is primarily made up of small-scale, artisanal
fisheries, which account for 40% of the world's fisheries bycatch. (Villar et al., 2024)

Peru's dependence on local artisanal fisheries is exponential. Artisanal fisheries in Peru are
responsible for 80% of the fish that feed the population. Simultaneously, 67% of Peru's artisanal
fisheries are informal, meaning they lack the formal contracts and structures that characterize the
regulated fishing sector. (Future Fish, 2024) Informal Peruvian fisheries, due to their lack of
contractual funding, turn to private lenders who often provide unfavorable loans, creating a cycle
of poverty and the need to overfish. (Future Fish, 2024) Similarly, the lack of formal contracts
leaves artisanal fisheries vulnerable to market shifts, causing informal fisheries to face unstable
incomes and job uncertainties. On average, these informal artisanal fisheries earn 38% less than
formal fisheries. (Future Fish, 2024)

In 1996, the Peruvian government established Law
No. 26585, which made the previously mentioned
cetacean dolphins and two river dolphins legally
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protected. (Guidino et al., 2023) Puru has pledged to RESERVED ZONE Arciesde g //
protect 30% of marine habitats by 2030, yet as of el b £,
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2024, only 10% are protected. (Carrere, 2024) More uro

importantly, Peruvian conservation efforts must turn
to the root of the bycatch crisis, artisanal fisheries.
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The Peruvian effort to mitigate bycatch in the region has just recently begun. While the
championed conservation implementations and future goals are sure to result in positive
mitigation, much more understanding and research must be conducted. Bycatch in Peru is not an
easy crisis to confront. The cultural and economic importance of the fishing industry means that
possible solutions must not interfere with artisanal production. This article considers these
factors while examining the other mentioned regions and their bycatch mitigation strategies.
Identifying what works and what does not is the first step to implementing an effective bycatch
reduction strategy in Peru.

Case Study Analysis
Peru Analysis

Peru artisans use multiple fishing methods, such as gillnets and longline fishing. Gillnets
are panels of netting usually pulled across the surface of the water. Gillnet fishermen in Peru are
noted as having 2-4 dolphins per trip, which are often later used as bait. (Campbell et al., 2020)
Longline fishing is the method of trolling thousands of hooks behind a vessel. Peru's longline
fishermen reportedly state that they use 15-20 dolphins for a 15-day fishing trip. (Campbell et al.,
2020) Figure 1 shows the 4 Peruvian harbors, their fishing methods, and the rates/averages of
dolphin bycatch and bait use.

Bycatch (#Dol) State (%) Fate of bycatch (found dead) (%) Fate of bycatch (found alive) (%)
Port n Fishery Mean Range Alive Dead NR Discard Bait Consume Sale NR Release Bait Consume Sale NR
Paita 41 Longline 1* 1-3* 74 26 0 38 27 31 0 4 95 0 0 0 8
Salaverry 28 Gillnet 3 1-5 0 100 0 74 17 6 3 0 82 0 0 0 18
Pucusana 24 Both 2 1-7 25 58 17 68 5 26 0 0 100 0 0 0 0
lio 54 Longline 1 0-2 53 38 9 56 9 28 3 3 85 3 3 3 6

n is the total number of surveys completed per site. The column “Bycatch” lists the number of individuals bycaught reported by fishers per trip or season. NR, No response; Dol, dolphins. *Bycatch per fishing season
(100% longline fishers). Season: Spring (September-December),

Another possible mitigation solution was experimented with. To reduce bycatch in gillnets, LED
lights were developed to deter marine animals. The results of implementing LED lights in an
experiment, as published in the article "An Illuminating Idea to Reduce Bycatch in the Peruvian
Small-Scale Gillnet Fishery," showed a 70% reduction in cetacean bycatch and a 74% reduction
in sea turtle bycatch. (Bielli et al., 2020) Shown in Figure 2.

Pingers have also been experimented with in Peru. Pingers, which can be applied to both
longline and gillnets, did present another possible mitigation solution, shown in Figure 3.

Probability CPUE
Treatment Sea turtles Cetaceans Rays
Control 0.086 0.048 0.034
HNluminated 0.022 0.014 0.052

% change -74.4 =-70.8 +34.6




The effectiveness is still unclear, and the potential consequences, such as marine animal
disruption and environmental condition changes are a significant concern. (Mangel et al.,2013)

No pingers With pingers
Species Mean ranget 1 SE Mean range+ 1 SE % change P
Dolphins & porpoises
Total 0.798 (0.678-0.939) 0.502 (0.407-0.619) -37.2 0,045
IDelphinus spp. 0.289 (0.225-0.372) 0.160 (0.114-0.226) —44.6 0.093
L. obscurus 0.048 (0.029-0.080) 0.043 (0.025-0.073) —10.4 0.827
T. truncatus 0.051 (0.030-0,085) 0.031 (0.017-0.,056) -394 0.360
P, spinipinnis 0.001 (0.000-0.009) 0.000 (0.000-0.004) -75.0 0.379
Globicephala spp. 0.000 (0.000-0.092) 0.000 -100.0 0.692
Sharks & rays
Sharks 18.6 (14.0-24.7) 263 (19.7-35.0) 29.3 0.088
Rays 0.001 (0.000-0,007) 0.002 (0.000-0,009) 22,2 0.817]

Another concern with the implementation of pingers is

Initial Pingers (50USD) Initial
the financial expense. As mentioned before, Peru is pingercost | +batteries pinger cost
primarily comprised of informal artisanal fisheries, Annual cost of one pinger + 5 519 75
which require an additional expense that is perteres

. . . . Total annual cost per vessel 21500 2662.1 3225
economically impossible. Figure 4 shows the average (43 pingers ~ barteries)
cost of a pinger, which doesn't seem expensive to firSt-  saingspervesseiinthenrse  -576 1088 oy
world countries but adds up quickly for countries such ~ **
P Savings per vessel in the 1768.1 12559 1768.1
as cru. second year
Baltic Sea Analysis

The Baltic Sea covers about 149,000 square miles and has coastlines with Sweden,
Finland, and Denmark. The Baltic Sea is home to diverse marine life and fishing activity, which
has decreased over time. (Mutton et al., 2025) Due to its diversity and fragile ecosystem, 11.6%
of the Baltic Sea as of 2016 is designated as Amrine Protected Areas (MPAs). (Misachi, 2021)

The Harbour Porpoise is the only cetacean in the Baltic Sea, and is currently facing extinction
due to bycatch. Primarily, harbour porpoises are bycatch in gillnets, similar to Peru cetacean
dolphins. Identical to Peru, the location of sitings and bycatch is also notable. Figure 5 shows the
sightings of dolphins by fishermen in Peru. The chart shows that the further out you go, the
fewer cetaceans are spotted. Figure 6 displays the relative bycatch risk for harbour porpoise in
the Baltic. Notice the detection points in Figure 6 are closer to coastlines.
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Figure 2: Relative bycatch risk for harbour porp d as the probability of harbour porpoise detection
during May 2011-April 2013 (data from Carlén et al. (2018)) muitiplied by gillnet fishing effort reported to the
dish Agency for Marine and Water Manag for 2019. Top left: Feb-Apr 2019; top right: May-July 2019;

lower left: Aug-Oct 2018 (gillnet effort data after implementation of cod fishing ban); lower right: Jan 2019
(gilinet effort data before the cod fishing ban) and Nov-Dec 20183 (gilinet effort data after the cod fishing ban).

The Baltic Sea is also home to a few seal species, such as the grey seal. In the Baltic Sea, seal
bycatch is also a concern. In 2012, it was estimated that 2180-2380 grey seals were bycatch in
the Baltic, which is around 8%-9% of the total grey seal population. (Westphal et al., 2025)
However, progress has been made. In 2003, less than 1% of marine species in the Baltic were
grey seals. By 2015, this number increased to 7%. (Westphal et al., 2025)

Like Peru, the experimentation of pingers was explored in the Baltic Sea. One study found that
high-frequency pingers were effective at mitigating bycatch, as shown in Figure 7. (Carlén,
Cosentino, 2023)
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The study by Carlén and Cosentino (2023) found that the use of pingers did not decrease the
sellable catch for fishermen. According to Carlén and Cosentino (2023), "This study shows that



high-frequency pingers can be used in the Baltic Proper without risking increased seal
depredation on static fishing nets. This knowledge is crucial for the management of the industry
and for the conservation of the Critically Endangered Baltic Proper harbor porpoise population
because relevant authorities can now require the introduction of pingers in the Baltic Sea static
net fisheries..."

California Analysis

The California coast is home to a diverse and crucial habitat for marine life. Whales, for
example, use the southern coasts of California as a highway for migration, and sharks use the
coastal waters as an essential nursery point. (Oceana.org) The California fishing industry is
reported to make millions of dollars in revenue. (California Department of Fish and Wildlife,
2009)

California fishermen use gillnets and trolling as their fishing methods. Because sharks use
coastal waters as vital nursery areas, a large percentage of bycatch in California consists of shark
species, specifically angel sharks. Figure 8 comes from the California Department of Fish and
Wildlife, showcasing the top twelve bycatch species.

Species Observed Discard | PSA IUCN Rate of Catch
Mortality Rate % Vulnerability Classification in Observed
(number discarded Score Sets
dead/total discard)

Pacific angel shark 12% (18/154) 1.80 Near threatened | 30%

Brown 40% (25/62) 1.77 Least concern 4%

smoothhound

California skate 10% (30/298) 212 Least concern 22%

Bat ray 26% (61/238) Not available Least concern 26%

Rock crab 77% (437/570) 0.96 Not available 38%

Barred sand bass 39% (7118) 1.52 Least concern 3%

Giant sea bass Unknown Mot available Critically 2%

endangered

White shark Unknown Mot ilabl Vulnerable Unknown

Brandt's cormorant | 100% (4/4) Not applicable Not available <1%

Sublegal halibut 58% (28/48) 1.50 Least concern 59%

California sea lion 100% (34/34) Not applicable Least concern 6%

Humpback whale Unknown Mot applicable Least concern Unknown

California both drifts and sets gillnets, discarding 63% and 65% of their catches, respectively, as
seen in Figure 9. (Keledjian et al., 2014) In California, set gillnets can reach up to two miles
long, and are reported to have caught 94 great white sharks alone. (Keledjian et al., 2014).

WORST IN FISH DISCARDS

FISHERY TARGET FISH DISCARD RATE

Snapper-grouper longline
California set gillnet”

Southeast shrimp trawl
California drift gillnet*

Gulf of Alaska fiatfish trawl
Northeast bottom trawl
Mid-Atlantic bottomn traw|
Atlantic HMS longline

New England/Mid-Atlantic gilinet

Snapper, grouper 66%"
Halibut

Brown, pink, white shrimp

Swordfish, thresher sharks

Flounder, sole

Groundfish, whiting

Scup, flounder, sea bass

Swordfish, tuna

Monkfish, groundfish, skates



In 2010, drift gillnet fishermen reported 49 dolphins and 16 endangered sperm whales found in
drift gillnets (Keledjian et al., 2014). From 2009 to 2014, drift gillnets were also reported to
entangle humpback whales, averaging a total of 100 marine animal kills per year—figures 10
and 11 showcase the species bycatch in set and drift gillnets.
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California, unlike Peru or the Baltic Sea, chose to introduce bycatch and fishing policies rather
than experiment with or implement the use of pingers or LED. The California Department of
Fish and Wildlife has conducted multiple surveys and reports highlighting the crisis of bycatch in
the coastal waters. Policies, including gear marking and electronic technology, are
communicated to fishermen and, in many situations, are enforced heavily. But some believe
more measures should be actively implemented to combat the bycatch in California.

Some solutions include limiting nets, replacing gillnet fishing, and even outright prohibition.
California, as part of a First World country, can enforce implemented policies and laws.

Unlike Peru, where laws have been implemented and are continuously ignored. California
fishing isn’t as vital as Peruvian fishing is. To implement policies to mitigate bycatch in Peru,
governmental enforcement and cooperation with artisanal fisheries would be required, which, as
mentioned previously, would need to outweigh the financial and job security challenges faced in
Peru.

Gulf of Mexico Analysis

The Gulf of Mexico is one of the most significant, most economically valuable, and most
participant-rich shrimp trawling regions. (Smith et al., 2023) A 64% discarded rate of shrimp
trawling fisheries is estimated in the Gulf of Mexico region. (Keledjian et al., 2014) Making the
Gulf of Mexico the fifth-highest bycatch region in the world, with a discard-landing ratio of
4:6:1 (Parsons & Foster, 2015). Figure 12 highlights the bycatch number for 2014 in the Gulf of
Mexico. (NOAA, 2018)
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Shrimp Trawling is a fishing method where vessels drag nets across the ocean floor, catching
many species and reportedly discarding more pounds of fish than the shrimp they catch.
(Keledjian et al., 2014) Species such as “sea turtles, sharks, and marine mammals, are
characterized by slow population growth, low fecundity, and diminished survival rates. (Millan
& Gamboa, 2025)

Similar to California policies, mitigation strategies have been implemented, such as fishing
closer during shark reproductive seasons. (Cruz et al., 2021) More importantly, the Gulf of
Mexico has been a certain testing ground for bycatch innovation.

An extensive study has been conducted in the Gulf of Mexico, focusing on identifying bycatch
statistical variables, such as hook, depth, number of hooks, and soak times. In Farrell (2024), the
exploration of these variables was studied on the shark population. Figure 13 shows these
findings.

This application of extensive research and experimentation is required to mitigate bycatch in
Peru. Other than the pinger and LED experiments in Peru, not many extensive findings like those
identified by Creuz et al. (2021) have been identified. Moreso, the Gulf of Mexico has been the
site of innovations being tested, and it has voluntarily adopted new devices with improved fish
bycatch reduction capabilities. (Gulf Spill Restoration, 2022) Here, new bycatch reduction
devices (BRDs) have been showcased as sustainable bycatch mitigation applications. Figures 14-



16 show shrimp trolling BRDs, which sources like NOAA have identified as viable mitigation
devices.

Jones-Davis Extended Funnel

Fisheye

*Provisional Certification

A modified BRD based on the devises pictured in figures 14-16 has been found to provide
effective bycatch mitigation. NCBRD was studied in the Gulf of Mexico, primarily observing the
bycatch of Red Snappers. (Parsons & Foster, 2015) Figure 17 shows the bycatch rate of red
snappers in shrimp trawling.
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There is potential for innovation and application of BRDs in Peru. While Peruvian artisanal
fisheries primarily use gillnets and longlines, trawling is similar to gillnets. Adapting and
modifying the trawling BRDs used in the Gulf of Mexico for the Peru gillnet is a viable bycatch
mitigation strategy.

Discussion

Peru is a giant within the fishing industry; artisanal fisheries play significant roles in
Peruvian exports and local economies. However, these same artisanal fisheries are informal, as
they lack the contractual, financial, and security that other countries provide for fisheries.

Examining regions in the Baltic Sea, California, and the Gulf of Mexico provides an extensive
understanding of bycatch that is applicable to adapting and mitigating Peruvian bycatch. In
contrast, these same regions and bycatch mitigation strategies lack evidence and solutions that
reach the root of Peru's bycatch crisis, artisanal fisheries.



This article began highlighting the economic and cultural importance of fishing in Peru, as well
as exploring how informal artisanal fisheries bycatch activities come from these informal
challenges.

Regions like the Baltic Sea, California, and the Gulf of Mexico are subject to extensive study,
funding, and enforcement, unlike Peru. California bycatch mitigation can be sustainable by using
policies because fishermen don't face the same struggles or fear of enforcement as Peru artisanal
fisheries. Baltic fishermen are educated about the statistics and findings of how to better mitigate
the bycatch of grey seals and harbor porpoise. The Gulf of Mexico is a central point of
worldwide ocean and fishing research that supports innovation for better mitigation.

In order to fully identify Peru's bycatch mitigation, examinations and studies such as the ones
conducted in the other mentioned regions must be conducted in Peruvian waters. This is
highlighted in the differences in mitigation strategies between the regions. While yes, pingers
and LED BRDs have been implemented and studied in some of these regions, the majority of
studies have been aimed at the specifications of the bycatch in the region.

The overarching similarity between the regions examined is that bycatch is a global crisis, not
specifically in Peru. But the situations are all different, which means the mitigation strategies
must reflect the differences. The Baltic Sea, California, and the Gulf of Mexico are examples of
mitigation progress because those regions don't face the same struggles or lack the funding that
Peruvian artisanal fisheries do.

Conclusion

Coexistence begins with rescuing, restoring, and reinforcing bycatch mitigations. In Peru,
bycatch is one of the globe's top representatives. Bycatch, similar to most human-wildlife
conflicts, is situational; the differences between bycatch in the Gulf of Mexico and Peru have
different factors pertaining to them. However, studies and innovations have the ability to be
adaptable to each situation.

Baltic Sea mitigation strategies, such as pingers, highlight the potential for similar pinger
experiments conducted in Peru. California bycatch policies are enforced and are viable options
that can help artisanal fisheries comply with bycatch mitigation efforts, and the BRDs innovated
and tested in the Gulf of Mexico have the potential to be adapted to gillnet fishing in Peru.

Peruvian bycatch is riddled with more than just ignorance; it's rooted in economic struggle,
global export expectations, and lack of funding. In order to apply bycatch mitigation strategies,
it's important to begin with understanding these principles.
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