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Abstract fishermen and pinnipeds to be put in the context 
of the trajectory of impact on marine ecosystems.

Fisheries–pinniped interactions are a major issue 
that threatens pinniped conservation and the fish- Key Words: California sea lion, Zalophus cali-
ing economy. Pinnipeds can get entangled in fish- fornianus, ecosystem-based management, fishing 
ing gear, while fishermen may lose or have part of cooperatives, food webs, interaction with fisher-
their catch and gear damaged. This study analyzed ies, Pacific harbor seal, Phoca vitulina richardii, 
the perceptions of fishermen who work around marine mammal conservation
five islands with important colonies of pinnipeds 
in the Pacific Ocean west of the Baja California Introduction
Peninsula, Mexico. This is an area that, despite its 
high diversity of marine mammals, has very few Fisheries and Pinniped Interactions
studies regarding their interactions with fisheries. Negative interactions between fisheries and some 
Interviews with fishermen were carried out to esti- species of marine mammals have been consid-
mate interactions, and a survey of entanglement ered a serious threat to the populations of the latter 
rates of pinnipeds was conducted. The results (Read, 2008). The direct interactions can be classi-
showed that 65.7% of fishermen perceived the fied into (1) incidental mortality, or bycatch, where 
California sea lion (Zalophus californianus) as the marine mammal is caught in the fishing gear 
the species that interferes most often with their but later discarded; (2) non-target catch when the 
work. This species was entangled more frequently marine mammal is kept and used for food or bait; 
in the fisheries of bony fish that used lines and and (3) cases where marine mammals may also 
gillnets than invertebrate fisheries that used traps remove or damage the fish caught in the fishing 
and direct capture. The Pacific harbor seal (Phoca gear, known as depredation (Read, 2008). Pinniped 
vitulina richardii) was also mentioned as a source mortality associated with fishing operations can 
of interference, albeit on a lesser scale. Pinniped reach thousands of animals each year in regions 
interactions did not seem to have a significant such as the west coast of the United States (Barlow 
economic impact because the frequency in inver- et al., 1994; Moore et al., 2009). Depredation can 
tebrate fisheries was low, and these fisheries pro- also be a serious conservation problem when it 
vided most of the income. However, interaction leads to an increase in bycatch or retaliatory mea-
with lobster traps has the potential to grow as seen sures by the fishermen (Read, 2008).
in other regions. Of the four species of pinnipeds Around the world, the conflicts between fisher-
that were included in this survey, only California men and marine mammals have become a prob-
sea lions were found with signs of entanglement lem that threatens both the marine mammal popu-
from gillnets, although these were less than 1% of lations and the fisheries’ economy (Read et al., 
the total counted animals of this species on every 2006). For example, risk evaluations using the 
island. Perhaps due to the good health of the eco- Australian sea lion (Neophoca cinerea) and the 
system, conflicts between fishermen and pinni- New Zealand fur seal (Arctocephalus forsteri) 
peds in this region are lower than in other parts of showed that due to their long lifespans and low 
the world. This study enables the conflict between reproductive rates, even small increases in their 
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mortality, such as results from conflicts with California sea lions have also been documented 
fisheries, can significantly jeopardize their con- both in recreational and commercial hook-and-
servation status (Goldsworthy & Page, 2007). line fisheries, with the severity varying by year, 
Worldwide, 80% of seal species have some form locality, and type of fishing (Scordino, 2010). 
of negative effect on fishing or aquaculture opera- This includes the halibut (Hippoglossus stenol-
tions (Wickens, 1995; Costalago et al., 2019). epis), Pacific herring (Clupea pallasii), California 

In Sweden, for example, fishermen attribute anchovy (Engraulis mordax), mackerel (Scomber 
total economic losses of up to 110,000 euros (per japonicus), tuna (Thunnus spp.), shark (more than 
50 fishermen) to the Atlantic harbor seal (Phoca 16 species), swordfish (Xiphias gladius), and squid 
vitulina vitulina) (Lunneryd, 2001). Interactions (Loligo opalescens; DeMaster et al., 1985; Barlow 
of this magnitude can have important repercus- et al., 1994) fisheries. Pinniped interaction with bait 
sions, not only for the fisheries, but also for these pens in California in 2002 was calculated as a loss 
predators. In the Moray Firth, Scotland, Thompson of approximately $2.3 million (Scordino, 2010).
et al. (2007) reported that between 1993 and 2004, Mariculture activities are also subject to interac-
the harbor seal population decreased between 2 tions with pinnipeds. In British Columbia, salmon 
and 5% every year; their records indicated that farmers have estimated losses due to pinniped pre-
between 66 and 237 seals die by gunshots every dation of up to 10 million Canadian dollars every 
year in this region. Demographic models found year (Fraker, 1996; Jamieson & Olesiuk, 2001). 
that these deaths accounted for the observed seal Nonetheless, the amount of economic loss attrib-
population decline. Surveys of salmon fishermen uted to pinnipeds may be overestimated since most 
in the Gulf of Bothnia showed that most of them pinniped attacks have not been directly observed, 
(81%) believe that seals have a significant impact and damage to salmon pens could also be due to 
on salmon stocks and that all seals were respon- flotsam, cleaning, boat propellers, and improper 
sible for predation in their fishing gear (77%); net handling (Rueggeberg & Booth, 1989).
furthermore, almost half of the fishermen (47%) In Mexico, there are few formal records of con-
supported lethal methods to control the seal popu- flicts between fisheries and pinnipeds, but it is 
lations (Kauppinen et al., 2005). known that illegal hunting of California sea lions 

On the east coast of the U.S., the bycatch of persists (Zavala-González & Mellink, 2000), likely 
Atlantic harbor seals, gray seals (Halichoerus as a retaliation measure by affected fishermen. In 
grypus), and harp seals (Phoca groenlandica) has Todos Santos Bay, Baja California, 153 dead indi-
been documented in the New England sink gillnet viduals were found during surveys of stranded pin-
and the Mid-Atlantic gillnet fisheries (Orphanides, nipeds. Of these, 26 had human-related wounds; 
2011). From 2012 to 2016, 54 pinnipeds, mostly 24 of these were California sea lions; and 18 of 
gray and harbor seals, were recorded by onboard these had gunshot wounds (Bravo et al., 2005). 
observers as seriously injured by fishing gear, However, since there are no other records of these 
and many more were registered as bycatch with- deaths, it is hard to estimate the size of the prob-
out apparent injuries and later released (Josephson lem. In a review of marine mammal standings in 
et al., 2019). Other indirect evidence of these inter- Mexico, Gómez-Hernández et al. (2020) point out 
actions are stranded animals. From 1997 to 2008, that due to the increase in coastal economical activ-
on the coast of North Carolina, of 1,847 marine ities, an increase in interactions between fisheries 
mammal strandings reported, 4% corresponded to and marine mammals can be expected, especially 
Atlantic harbor seals (n = 73), with at least nine between artisanal fishermen and the California 
individuals showing signs of their stranding being sea lion in the Gulf of California.
the result of interaction with fisheries, including Many fishermen believe that California sea lions 
fishhooks and gillnet entanglement (Byrd et al., compete with their fisheries. According to fishermen 
2014). of Guaymas, Sonora, in the Gulf of California, these 

On the U.S. west coast, the estimations of these animals forage on the same species that they tradi-
interactions are even higher. Bycatch estimations tionally fish; thus, they attribute 58% of their daily 
for 1992 were around 1,204 Pacific harbor seals catch as lost to sea lions (Fleischer & Cervantes-
(Phoca vitulina richardii) and 3,418 California Fonseca, 1990). In contrast, in the southern region 
sea lions (Zalophus californianus), mainly in gill- of the Gulf of California, Aurioles-Gamboa et al. 
nets (Read et al., 2006). One of the most affected (2003) reported that the sea lion’s diet included 
fisheries is the commercial salmon fishery. Pacific only 5% (in terms of relative importance of its diet) 
harbor seals are known to consume pre-spawn- of commercial fish species. Yet, the entanglement 
ing salmon (Oncorhynchus tshawytscha; Wright percentages (7 to 9%) in this area were the high-
et al., 2007), and California sea lions consume est in the Gulf of California (Zavala-González & 
the salmon from fishing gear (Weise & Harvey, Mellink, 2000; Aurioles-Gamboa et al., 2003). 
2005; Scordino, 2010). Fisheries interactions with Entanglement can result in distress, pain, trauma, 
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infection, and skin and muscle lesions, as well as due to its limited distribution (Aurioles-Gamboa 
the inability to move, feed, and conduct regular et al., 2010; Arias-Del-Razo et al., 2017), and the 
behavior. Therefore, it can be considered a signifi- northern elephant seal (Mirounga angustirostris) 
cant and global issue with respect to the welfare was excluded because this species does not feed 
of marine mammals and the quality of the marine along the coast (Aurioles-Gamboa et al., 2006). 
environment (Butterworth & Sayer, 2017). Divers of an aquaculture company were also inter-

viewed as this is the primary economic activity 
Artisanal Fisheries of the Northwest Mexican on Todos Santos Island. Finally, an entanglement 
Pacific index of pinnipeds (the proportion of entangled 
Fisheries along the Pacific coast of Baja relative to total counted animals) was calculated on 
California are based on the use of a common pool these islands as an independent line of evidence of 
of resources by the community known as coopera- conflicts between fishermen and pinnipeds.
tives. These cooperatives are groups of fishermen 
organized under Mexican law that have used rela- Methods
tively successful common property management to 
avoid the “tragedy of the commons” (Hardin, 1968, Study Area
p. 1244), meaning overexploitation and non-care of Pacific harbor seal populations in Mexico are 
shared resources. These cooperatives have imple- distributed from the Coronados Islands near the 
mented clear rules, catch quotas, memberships, border with the U.S. in the north to Asuncion 
supervision, and even the establishment of marine Island in the south (Arias-Del-Razo et al., 2017; 
reserves in some cases (Rossetto et al., 2015). The Lubinsky et al., 2017). California sea lions share 
lobster (Panulirus interruptus) fishery from which this distribution but also inhabit the southern 
these cooperatives gather most of their resources has part of the peninsula and the Gulf of California 
been certified as a sustainable fishery by the Marine (Szteren et al., 2006; Arias-Del-Razo et al., 2017). 
Stewardship Council (Phillips et al., 2009). These Taking this distribution as a reference, five islands 
are artisanal fisheries, comprising only 500 mem- were selected in the Pacific Ocean, west of the 
bers distributed among nine fishing cooperatives Baja California Peninsula, Mexico. From north to 
from ten towns (Phillips et al., 2009), established south, the islands are Todos Santos, San Jeronimo, 
along 1,400 km of coast. Natividad, San Roque, and Asuncion (Figure 1). 

This particular scenario provides the opportu- On these islands, with the exception of San Roque, 
nity to evaluate the interaction of fishermen and colonies of northern elephant seals, California sea 
pinnipeds in an area that supplies approximately lions, and Pacific harbor seals can be found. Only 
17.5% (considering the combined fishing produc- harbor seals inhabit San Roque Island.
tion of Baja California and Baja California Sur The fishing resources of highest value around 
states) of the Mexican national fishing products by these islands have been given in concession by 
weight (Comisión Nacional de Acuacultura y Pesca the Mexican government to fishing cooperatives, 
[CONAPESCA], 2018), and where important colo- granting them exclusive rights. Besides fishing, 
nies of four species of pinnipeds are also found these cooperatives also carry out surveillance, 
(Arias-Del-Razo et al., 2017). Fisheries–pinniped resource management, and, in some cases, conser-
interactions are well studied in the U.S. and Europe, vation efforts. On Todos Santos Island, an aquacul-
but less is known about these interactions in other ture company has the concession for the surround-
countries where socioeconomic conditions and gov- ing waters.
ernmental regulations are different. In the case of 
the Mexican Pacific, there are only indirect obser- Interviews
vations available (Bravo et al., 2005). These inter- Semi-structured interviews with fishermen who 
actions can have important ecological, economic, worked around the islands of the study area were 
and social repercussions; therefore, it is important conducted from February to July 2014. The inter-
to fully comprehend their extent. views had open and closed questions (Gruber, 

In the present study, fishermen’s perceptions of 2014), and were supported by images of the pin-
the impact from two of the most prominent spe- niped species that can be found there. They were 
cies of pinnipeds in the region, the California sea asked about their fishing activities, type of gear 
lion and the Pacific harbor seal, on their fishing used, target species, and whether any animal inter-
activities was assessed as an exploratory study. fered with their fishing. Next, the interviewees 
These fishermen belong to three cooperatives that observed a series of whole-body photographs of 
work on four islands—San Jeronimo, Natividad, each of the four species of pinnipeds present in 
Asuncion, and San Roque—off the west coast of the the region and were asked to identify each one. 
Baja California Peninsula. The Guadalupe fur seal In cases where the interviewees said their fishing 
(Arctocephalus philippii townsendi) was excluded activities had been interfered with by a pinniped 
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Figure 1. Left: Overall view of the study area, showing the location of the Baja California Peninsula in Mexico and the 
five islands involved in this study. Right: Close views of each island, showing known locations of Pacific harbor seal 
(Phoca vitulina richardii) (triangles) and California sea lion (Zalophus californianus) (circles) rookeries, as well as fishing 
communities or facilities.

but failed to identify the species, their answer company: Unidad de Produccion Acuicola de Peces 
was corrected to match the species identified in the Pacifico Aquaculture S de RL de CV (Todos Santos 
pictures. (The full questionnaire is available in the Island). On average, 24% of the fishermen who 
“Supplementary Material” section on the Aquatic belonged to those organizations were interviewed. 
Mammals website: https://www.aquaticmammals- The mean age of the interviewees was 40 ± 11 y, 
journal.org/index.php?option=com_content&view and they had 20 ± 12 (SD) y of fishing experience.
=article&id=10&Itemid=147.)

The next set of questions inquired how often Entanglement Index
interactions with pinnipeds occurred, how they Pinniped surveys were conducted in the study area 
occurred, species they predated on, losses or damage during the summer (June to August) of 2010. Each 
to the gear, and if the pinnipeds were injured during island was circumnavigated using a small boat, 20 
these interactions. This set of questions was repeated to 50 m from the shore. Each island was surveyed 
for each species of pinniped to which the fisherman for 1 d by taking photographs of the whole shore-
pointed. In the final part of the interview, they were line. This catalogue of photographs was reviewed 
asked to describe their most recent day of fishing, to identify entangled animals. An entangled animal 
what they were fishing for, if they interacted with a shows a scar or exposed flesh around the neck due 
pinniped, and how it occurred. to the nylon thread cutting through the skin. When 

Additionally, members of each cooperative’s found, they were counted, and an estimation of 
board of directors were interviewed to gather the proportion of entangled animals from the total 
general data such as the number of fishermen in count was calculated per species, per island. This 
the cooperative, the target species, and what per- method does not account for entangled animals that 
centage of the cooperative’s income each fishery were at sea at the time of the surveys.
represented.

In total, 77 fishermen from three fishing coop- Statistical Analyses
eratives were interviewed (islands where they Chi-square contingency tests were used to ana-
work are in parentheses): Cooperativa Ensenada lyze the data obtained from the surveys, looking 
(San Jeronimo Island), Cooperativa Buzos y for independence between the following pairs 
Pescadores de la Baja California (BPBC; Natividad of variables: (1) interviewees’ correct identifica-
Island), Cooperativa de Produccion Pesquera tion of pinnipeds and the island where they work; 
California de San Ignacio (CPPCSI; San Roque (2) the marine animal that most affects their fish-
and Asuncion Islands), as well as an aquaculture ing activities and the island where they work; 
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(3) the fishermen’s ages and the incidence of Todos Santos, the aquaculture company grows and 
California sea lions interfering with their fishing commercializes white seabass (Atractoscion nobi-
activities; (4) the fishing methods used by each lis) and largemouth bass (Micropterus salmoides). 
fisherman—diving and trapping; diving, trapping, They also grow totoaba (Totoaba macdonaldi), but 
and fishing (for bony fishes); or only fishing— they do not yet sell it commercially (Table 1). 
and if they reported interference from sea lions in The most successfully identified pinniped 
their work (Pacific harbor seals were omitted in by the interviewees was the California sea lion 
this analysis due to the low number of fishermen (77.9%), followed by the northern elephant seal 
reporting them); (5) frequency of sea lion interfer- (76.6%) and the Pacific harbor seal (72.7%). Few 
ence and the island where they work; (6) whether fishermen correctly identified the Guadalupe fur 
there was interference with sea lions in their last seal (1.3%), which is not usually seen around 
day of work and the island where they work; and these islands. Most of them wrongly identified it 
(7) the target fish species with reports of sea lion as the California sea lion (57.1%). The mean rates 
interference and the island where they work. For of successful identification were similar on all 
the third analysis, fishermen’s ages were grouped islands (χ2 = 5.72; df = 9; p = 0.767).
into 10-y groups. For analyses four through seven, When asked which species interfered most fre-
interviews from Todos Santos were excluded as quently during their fishing activities, the most 
they do not perform wild catches. common answer was the California sea lion, fol-

lowed by other animals such as octopuses, sharks, 
Results and the California sheephead (Semicossyphus pul-

cher; Table 2). Only two fishermen mentioned the 
Fishermen reported catching a range of species, Pacific harbor seal as the animal that interfered 
with the most targeted species varying by island most often. This perception was different between 
(Table 1). Among the most mentioned ones were islands (χ2 = 31.7; df = 9; p < 0.001). In Asuncion 
lobsters (Panulirus interruptus), ocean whitefish and San Roque, more fishermen mentioned sea 
(Caulolatilus princeps), and yellowtail amberjack lions in comparison with the other islands, while 
(Seriola lalandi). Other frequently mentioned 3.6% of fishermen in Asuncion and San Roque, 
species were sea snails (Megastraea undosa and and 25% in Todos Santos pointed to the harbor 
M. turbanica) and sea cucumber (Parastichopus seal as a source of interference (Table 2).
parvimensis), as well as green abalone (Haliotis An effect of the age of fishermen (categorized 
fulgens) and pink abalone (Haliotis corrugate). On as < 30, 30-39, 40-49, 50-59, and > 59 y) was not 

Table 1. Species most commonly targeted by fishermen at each island. The numbers in each cell represent the rank based 
on the number of mentions in the interviews. The species not mentioned by fishermen are denoted by “NM.”

Target species
Asuncion and  

San Roque Natividad San Jeronimo Todos Santos

Invertebrates
Lobster (Panulirus interruptus) 2 1 1 NM
Sea snails (Megastraea undosa and  
M. turbanica)

4 2 6 NM

Sea cucumber (Parastichopus parvimensis) 11 3 2 NM
Red sea urchin (Strongylocentrotus 
franciscanus)

NM 13 3 NM

Blue abalone (Haliotis fulgens) and  
yellow abalone (H. corrugata)

5 8 15 NM

Bony fish
Yellowtail amberjack (Seriola lalandi) 3 7 NM NM
Ocean whitefish (Caulolatilus princeps) 1 6 5 NM
Largemouth bass (Micropterus salmoides) NM NM NM 2
Totoaba (Totoaba macdonaldi) NM NM NM 3
Rockfish (Sebastes spp.) NM NM 4 NM
Algae 
Kelp (Macrocystis pyrifera) 15 4 10 NM
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Table 2. Percentage of fishermen who reported interference by pinnipeds and other animals per island; the contingency table 
results indicate that there is independence between islands in these answers.

Island California sea lion Harbor seal Other animals No animals interfere

Asuncion and San Roque 89.3 3.6 3.6 3.6
Natividad 55.6 0.0 18.5 25.9
San Jeronimo 44.4 0.0 29.4 23.5
Todos Santos 0.0 25.0 0.0 75.0
Contingency table test (χ2 = 31.7; df = 9; p < 0.001)

found on whether or not they reported interference 
by the California sea lion in their fishing activities 
(χ2 = 4.25; df = 4; p = 0.373).

The following results do not include the aqua-
culture company on Todos Santos because inter-
viewees there did not report interference with 
California sea lions in their activities. The prod-
ucts with the highest value in this region for these 
cooperatives (i.e., lobster, abalone, sea cucumber, 
and sea snail) are extracted by diving (including 
placement of lobster traps). There was an asso-
ciation between the negative perception towards 
the sea lion and whether a fisherman only dives 
(including placing lobster traps), dives and fishes 
(bony fishes), or only fishes (χ2 = 20.94; df = 2; p 
< 0.001). Of the fishermen who only dive, 65.4% 
said they had experienced interference from sea 
lions, while 87.5% of fishermen who both dive 
and fish, and 86.4% of fishermen who only fish 
reported interference from sea lions.

The majority of the cooperatives’ members who 
reported interference from California sea lions 
said this occurred almost daily (80.9%), whereas 
most others said it happened once a week (17%), 
and a few said this occurred once per month 
(2.1%). This reported frequency of interference 
from sea lions was independent from the island 
on which fishermen worked (χ2 = 5.91; df = 4; p 
= 0.205). However, when fishermen were asked if 
they had experienced any interference from pin-
nipeds during their last day of fishing, only 21.1% 
on average reported having some kind of interfer-
ence from a pinniped. No association was found 
between the interference from pinnipeds on the 
last day of fishing and the island where fishermen 
worked (χ2 = 5.89; df = 2; p = 0.052).

Based on fishermen’s responses, it appears that 
California sea lions interfere more with the bony 
fish fisheries than with invertebrates. The affected 
fisheries change significantly between islands 
(χ2 = 68.36; df = 18; p < 0.001). In Asuncion, 
San  Roque, and Natividad, fishing of ocean 
whitefish, which includes gillnets, was the one 
most reported by fishermen as having interfer-
ence, followed by yellowtail (Table 3); while in 
San Jeronimo, interference is more often reported 

in the rockfish (Sebastes spp.), California halibut 
(Paralichthys californicus), and white seabass 
fisheries. The white seabass was also the third 
most affected fishery in Asuncion, San Roque, 
and Natividad (Table 3). Perceived product loss 
includes animals consumed entirely, bitten, and 
discarded, as well as unsuccessful catches due to 
animals scared by the pinnipeds or released due to 
fishing gear damage.

Only two fishermen mentioned the Pacific 
harbor seal as the animal that interferes most 
often. Nevertheless, as the interviews continued, 
more fishermen mentioned they had interactions 
with this seal (< 25%), as well as the following 
fisheries: whitefish and rock basses (Paralabrax 
spp. and Serranidae) in Asuncion and San Roque, 
and California halibut in the same islands and 
San  Jeronimo (Table 4). Also, in San Jeronimo, 
harbor seals interfere with lobster traps (by 
consuming the bait) and the white seabass. In 
Natividad, no fisherman reported interactions 
with the harbor seal. In the aquaculture company 
on Todos Santos, a diver claimed that approxi-
mately once every 3 mo harbor seals break into 
the enclosures and eat a few largemouth bass 
(Table 4).

According to interviews with the three coop-
eratives’ boards of directors, lobster was the main 
source of income together with abalone in the case 
of Asuncion and San  Roque (Table 5). Incomes 
from bony fishes were low in all cooperatives; 
nevertheless, in Asuncion and San Roque, they 
extracted more species of fish than the other two 
cooperatives. The second most important source 
of income for these cooperatives were other inver-
tebrates such as sea snail and sea cucumber. The 
aquaculture company on Todos Santos markets 
white seabass and largemouth bass, but inter-
viewees did not specify details about their profits 
(Table 5).

Regarding the damage to fishing gear caused by 
pinnipeds, according to fishermen, in Asuncion, 
the most common damage by California sea lions 
were to fishing lines (39%), nets (36%), and traps 
(32%). Only 25% of the fishermen said pinnipeds 
did not cause any damages. In Natividad, 74% of 
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Table 3. Percentage of fishermen who reported interaction of California sea lions (Zalophus californianus) with the fishing 
of different species and their perceived product losses, expressed as percentage of captured individuals ± its standard error. 
Losses marked with † indicate that only one fisherman from this area was able to estimate the losses.

Species Asuncion and San Roque Natividad San Jeronimo

Whitefish 67.9 33.3 11.1
   Product loss 26 ± 20 35 ±2 0 75†
Yellowtail 42.9 22.2 0.0
   Product loss 33 ± 23 24 ± 10 0
Halibut 25.0 0.0 16.7
   Product loss 25 ± 15 0 52 ± 23
White seabass 32.1 18.5 16.7
   Product loss 40 ± 31 33 ± 38 52 ± 23
Rock bass 10.7 14.8 0.0
   Product loss 19 ± 12 38 ± 21 0
Lobster 17.9 11.1 0.0
   Product loss 11 ± 5 7 ± 1 0
Sardine 21.4 0.0 0.0
   Product loss 15† 0 0
Octopus 10.7 0.0 0.0
   Product loss 43 ± 50 0 0
Rockfish 0.0 0.0 44.4
   Product loss 0 0 34 ± 26

Table 4. Percentage of fishermen who reported interactions of Pacific harbor seals (Phoca vitulina richardii) with the fishing 
of different species and their perceived product losses, expressed as percentage of captured product ± its standard error. 
Losses marked with † indicate that only one fisherman from this area was able to estimate the losses.

Species
Asuncion and  

San Roque Natividad San Jeronimo Todos Santos

Whitefish 3.6 0 0 0
   Product loss 30† 0 0 0
Halibut 3.6 0 5.6 0
   Product loss 6† 0 30† 0
Rock bass 7.1 0 0 0
   Product loss 30 ± 0 0 0 0
Lobster 0 0 5.6 0
   Product loss 0 0 Highly variable† 0
White seabass 0 0 5.6 0
   Product loss 0 0 30 0
Largemouth bass 0 0 0 25
   Product loss 0 0 0 2 or 3 fishes  

every 3 mo

the fishermen reported no damage by pinnipeds, 
and only 11% recalled losing lines and hooks. In 
San Jeronimo, 56% of fishermen did not report 
damage to their gear by pinnipeds, while 11% 
reported broken lines and traps. In Todos Santos, 
only one diver said that Pacific harbor seals break 

into enclosures, but it did not happen often; this 
was the only case of reported damages by harbor 
seals.

According to the interviewees, the most common 
measures taken to reduce the interference of pinni-
peds are (1) do nothing (36%), (2) hit the boat with 
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Table 5. Percentage of earnings per product for cooperatives and companies that have concessions on each island in the study 
area according to the interviews with the cooperatives’ boards of directors

Island Main income Other income

Asuncion and San Roque 90% lobster and abalone 10% sea snail, sea cucumber, bony fish, crab, 
octopus, and kelp, all together

Natividad 60% lobster 24% sea cucumber, 15% sea snail, and 1% kelp

San Jeronimo 75-80% lobster 20-25% sea cucumber, sea urchin, crab, and bony 
fishes, all together

Todos Santos 100% white seabass and largemouth bass

a metal object to produce noise (14%), (3) move 
to another area (10%), and (4) stay away from the 
islands (5%). To protect the lobster traps, three 
fishermen from San Roque and Natividad men-
tioned that they place a baited trap, and when a sea 
lion chases them, they leave this trap and quickly 
move to another area to place the rest of the traps. 
Another fisherman from Natividad also mentioned 
that using reinforced traps has reduced the inter-
ference of sea lions. In additional comments from 
the cooperative members, four fishermen (5%), all 
from Asuncion, mentioned that some sort of pin-
niped population control is necessary.

The only entangled pinniped species observed 
during these surveys was the California sea lion. 
An entangled animal was considered any animal 
with visible signs of neck injury since, from a 
distance, it is often not possible to assess if the 
nylon is still attached. On Asuncion Island, only 
four female and two juvenile sea lions were 
found entangled out of 1,928 individuals counted; 
thus, the percentage of entangled animals was 
0.31%. On San Roque Island, no entangled pin-
nipeds were found. On Natividad, five females 
and one male sea lion were found entangled out 
of 1,365 sea lions on the island (i.e., 0.44%). On 
San Jeronimo, one female and one subadult male 
were found entangled out of 1,426 sea lions (i.e., 
0.14%). Finally, at Todos Santos, only one male 
was found entangled, but since the total count was 
only 105 sea lions, the percentage on this island 
was the highest, 0.95%.

Discussion

From the interviews conducted, it is possible to 
conclude that there is a perceived conflict between 
fishermen and the California sea lion, and to a 
lesser extent, with the Pacific harbor seal. The 
northern elephant seal was the most correctly 
identified pinniped, but it was not mentioned by 
the fishermen, nor was the Guadalupe fur seal. 
Elephant seals feed in pelagic waters (Le Boeuf 
et  al., 2000; Aurioles-Gamboa et  al., 2006); 

nevertheless, in California, it is common to find 
them caught in fishing nets (Barlow et al., 1994). 
Unfortunately, there is no information regarding 
the possible interactions between the Guadalupe 
fur seal and the fisheries due to its limited 
distribution.

Fishermen from the cooperatives reported expe-
riencing interference from California sea lions, 
although this was not generalized as the percentage 
of fishermen who reported interference from sea 
lions varied among islands (Table 2). In Asuncion 
and San Roque, fishermen reported more interfer-
ence from sea lions but less so in Natividad and 
San Jeronimo. It is worth noting that in Asuncion 
and San Roque, the fishermen rely more on fish as 
opposed to shellfish (according to the interviews); 
while in Natividad and San Jeronimo, their main 
targets are invertebrate species. The fishermen 
who rely more on diving and placing traps reported 
less interference from pinnipeds than those who 
also fish with lines or nets. This suggests that the 
interferences from sea lions in each cooperative 
depends on the fishing method and target species. 
Fishing of bony fishes produces more interference 
from sea lions towards fishermen. Considering that 
most of the income of western Baja California’s 
cooperatives comes from the exploitation of lob-
ster and abalone (Table 5), the interaction between 
sea lions and commercial activities seems to have a 
low economic impact due to the lower interaction 
with valuable species that are their main source of 
income.

Of the fishermen who reported having interac-
tions with sea lions, 81% mentioned that it occurs 
almost daily, but only 21% of the interviewed 
fishermen said they had an interaction with a sea 
lion during their last day of fishing. Disparity 
between reported interferences and actual obser-
vations of the phenomenon can be expected 
(Sepúlveda et al., 2007), but this discrepancy may 
be the result of estimation errors by the researcher, 
an overestimation of the interferences by the fish-
ermen, or a combination of both. To obtain better 
estimates, it is important to use a combination of 
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local knowledge and scientific observations such 
as understanding the local fishing methods and 
using onboard observers.

Besides the predation on fishing gear and the 
subsequent damage to fishermen, these interac-
tions can also be detrimental to pinnipeds in the 
form of entanglement, hook ingestion, and being 
hunted by fishermen (Baraff & Loughlin, 2000). 
In Baja California, Shester & Micheli (2011) esti-
mated that for every $3,000 of products caught 
with gillnets, one California sea lion is caught as 
well. From these threats to pinnipeds, perhaps the 
easiest to note and count is the entanglement of 
live animals. This occurs when an animal tries to 
predate on fish inside a net and gets entangled in it. 
In some cases, pinnipeds have enough strength to 
tear the net and escape; however, in many occur-
rences, they escape with the net filament around 
their necks. This leads to infections and finally to 
death by asphyxia when their necks continue to 
grow. The entanglement indexes found in these 
islands are one more indication that although there 
is a conflict between the California sea lion and 
the fisheries of this region, its magnitude is much 
lower (< 1%) than in other areas. In La Paz Bay, 
where gillnet fishing is more common, the entan-
glement index has been reported to be as high as 
9% (Aurioles-Gamboa et al., 2003). A review of 
worldwide entanglement in pinnipeds found that 
the overall entanglement average was 0.37%, 
and that 22 of 33 extant pinniped species (67%) 
had entanglement records. In addition, the most 
common species entangled were the Antarctic fur 
seal (Arctocephalus gazella) and the California 
sea lion, the latter with a positive trend (Jepsen & 
de Bruyn, 2019). This coincides with the results of 
this study in which the only species with signs of 
entanglement was the California sea lion.

Pacific harbor seals were also mentioned by the 
fishermen as interfering in their activities. However, 
fishermen who reported interference with harbor 
seals said this occurred less frequently and that they 
lose less product than when sea lions interfere with 
their fishing (Table 4). According to the fishermen, 
of those fisheries in which the harbor seal interferes, 
only halibut and rock basses have been recognized 
as important components of the animal’s diet in this 
region (Elorriaga-Verplancken et al., 2013; Alamán 
de Regules, 2014; Durazo Rodríguez, 2015). Diet 
studies along its distribution have concluded that 
the harbor seal feeds on the more abundant spe-
cies within their range (Brown & Pierce, 1997; 
Lunneryd, 2001; Riemer & Mikus, 2006), so it can 
be assumed that their feeding on caught prey by 
fishing gear is part of this opportunistic behavior.

In this study, interactions between sea lions 
and fishermen occurred mainly in bony fish fish-
eries, but they also affected lobster trap fisheries 

(Table 3). When comparing data against the closest 
region with information about fisheries–pinniped 
interactions—California in the U.S.—the affected 
fisheries there do not correspond with those fisher-
ies affected in Mexico as determined in the pres-
ent study (DeMaster et  al., 1985; Barlow et  al., 
1994; Weise & Harvey, 2005; Scordino, 2010); and 
when comparing affected fisheries with California 
sea lion diet studies in the study area, only two 
matches were found: the rockfish and the halibut 
(Espinosa de los Reyes-Ayala, 2007). This could 
mean that the fish that sea lions take from the fish-
ing gear probably do not represent their preferred 
prey species. Whitefish has only been known as 
part of their diet in the southern Gulf of California, 
with an importance index of 3.6% (Szteren & 
Aurioles-Gamboa, 2013). Espinosa de los Reyes-
Ayala (2007) suggests that the California sea lion 
is an opportunistic predator that consumes a few 
resources in large quantities as well as many spe-
cies with low frequency.

Lobster and abalone populations in particu-
lar have declined in other sites of the California 
Current such as the coast of California (Rogers-
Bennett et  al., 2002; Iacchei et  al., 2005); and, 
coincidentally, interferences between sea lions 
and lobster fisheries have increased in those places 
(Barlow et al., 1994; Weise & Harvey, 2005; Read 
et  al., 2006). In contrast, in the Vizcaino region 
of Baja California, cooperatives had an income 
of $21.3 million in 2010 (Lluch-Belda, 2011) 
from the extraction of lobster (1,500 tons) and 
abalone (500 tons). This is a significant propor-
tion of income for the small villages of this region 
and, according to board members of the coopera-
tives, lobster represents most of the cooperatives’ 
income, meaning that interferences of pinnipeds 
with this activity can potentially have important 
economic impacts. In this study, only 18% of 
the fishermen interviewed reported that sea lions 
interfered with lobster trapping, mainly by steal-
ing the bait and damaging the traps in the process. 
This contrasts with Shester (2008), who also stud-
ied artisanal fishing cooperatives on the Pacific 
side of Baja California Sur, south of the current 
study area, and reported no interactions between 
sea lions or any other marine mammal and lobster 
traps. Fishermen from Natividad Island (located 
in Baja California Sur) mentioned that their inter-
action with sea lions has decreased since they 
started using stronger traps and setting up decoy 
traps farther away from the live traps to distract 
predators.

In the 1990s, southern California fishermen 
who used traps to catch lobsters and crabs reported 
the loss of half of their traps due to California 
sea  lions (Beeson & Hanan, 1996), while earlier 
studies did not find this interaction (Miller et al., 
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1983; DeMaster et al., 1985). This suggests that 
either sea lions recognized the traps as a food 
source and have learned to take advantage of them 
or that the competition for food has increased due 
to ecosystem depletion. It is important to men-
tion that since Beeson & Hanan (1996), there 
have been no more recent reports on the subject 
in California.

In some other countries, such as Canada, the 
U.S., Scotland, Ireland, England, or Chile, where 
fishermen experience direct interactions with pin-
nipeds, they have requested culls to reduce the 
size of populations (Lavigne, 2003; Kauppinen 
et al., 2005; Sepúlveda et al., 2007; Gruber, 2014). 
However, in this study, only 5% of the fisher-
men from Baja California’s cooperatives have 
expressed similar desires. Most interviewed fish-
ermen believed that there is nothing to be done 
because they are protected species; therefore, they 
have developed a variety of techniques to avoid 
encounters (e.g., noise, decoy traps, and reinforce-
ment of their traps). The perceptions and opinions 
found are probably due to the relatively small 
magnitude of the impact of these conflicts in Baja 
California. Interactions between fishermen and 
pinnipeds may be more frequent in places where 
overfishing is depleting the stocks of the pinni-
peds’ preferred prey (Baraff & Loughlin, 2000), 
but also may be due to the shrinking of the trophic 
chain (Pauly & Maclean, 2003). Even when their 
preferred prey is not directly targeted by fisheries, 
though lower levels of the trophic chain are, these 
alterations can have an impact on the primary 
resources and, in consequence, on the abundance 
of their prey. Thus, apex predators are forced to 
feed on lower levels of the trophic chain or on 
less preferred prey, thus competing with those 
fisheries.

In recent decades, pinnipeds, especially 
California sea lions, have been observed to suffer 
shortages of food during ocean climate events 
such as “El Niño” (Trillmich & Limberger, 1985; 
DeLong et al., 1991), but they also need to cope 
with the anthropogenic impacts that have depleted 
the ecosystems and that continue to shrink the 
trophic chains, an effect that Pauly & Maclean 
(2003) have called “squashed pyramids” (p. 53). 
Additionally, climate change is producing major 
impacts in the Gulf of California where the sea 
lion population reached a peak of around 43,834 
individuals in 1991 and, since then, has declined to 
around 15,291 in 2019 as a result of a three-decade 
sustained warming of the sea surface waters in 
that region. This translates into lower primary and 
secondary productivity, thus causing pinnipeds to 
have higher foraging costs (Adame et al., 2020). 
Negative interactions with fisheries and a decline 
in the abundance of the Pacific sardine (Sardinops 

sagax) in the beginning of the 1990s have also 
been proposed as causes of this decline (Szteren 
et  al., 2006). This highlights the importance of 
studying the interactions between fisheries and 
pinnipeds as they can provide important informa-
tion regarding ecosystem health as its decline may 
lead to a higher number of interactions.

Artisanal fisheries along the west coast of 
Baja California are a good example of success-
ful resource management (McCay et  al., 2014). 
The relatively good health of these fisheries relies 
on their good practices and low levels of human 
population and demand. Therefore, the anthropo-
genic impact on marine ecosystems is relatively 
low (Halpern et al., 2008; Shester & Micheli, 2011; 
Suuronen et  al., 2012). This could explain why 
there seems to be less confrontation between fish-
ermen and pinnipeds here in comparison to other 
regions, such as the northeastern coast of the U.S. 
(Orphanides, 2011; Byrd et al., 2014; Gruber, 2014; 
Josephson et  al., 2019), where human population 
density and exploitation rates of marine fisheries 
are higher than in the current study area (National 
Marine Fisheries Service [NMFS], 2014).

In contrast with the rest of the islands, the per-
ception of aquaculture divers in Todos Santos 
towards the pinnipeds was mainly positive. They 
only reported that Pacific harbor seals have occa-
sionally torn their nets, entered their enclosures, 
and ate some fish. They did not mention any 
trouble with sea lions, although this seems to be 
the result of having surface protections that make 
it difficult for birds and pinnipeds to access the 
enclosures. Since the 1980s, aquaculture activities 
in California have used different deterrence mea-
sures to protect their enclosures from pinnipeds, 
such as low intensity sound generators (pingers), 
but these have shown low efficiency and have 
been replaced with acoustic harassment devices 
(AHDs) which are more effective but can cause 
hearing damage to some species (Reeves et  al., 
1996; Würsig & Gailey, 2002). Pingers have 
also been shown to double the interaction with 
California sea lions as they produce a “dinner 
bell” effect (Carretta & Barlow, 2011). Physical 
barriers have been successful in many cases, 
although they must be strong and high enough to 
deter sea lions (Würsig & Gailey, 2002).

Another part of these interactions is the decline 
in commercial fish stocks. Fishermen around the 
world see other marine predators as their direct 
competitors, blaming them for the decline in their 
fisheries productivity (Lavigne, 2003). Ecosystem 
simulations on cod biomass in the Baltic Sea 
have shown that its biomass is more driven by 
fishing mortality, climate change, and nutrient 
load rather than by seal predation; this contra-
dicts the general perception that increasing seal 
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populations are having a negative effect on fish 
biomass (Costalago et al., 2019). In these fishing 
cooperatives of Baja California, those that have 
implemented marine reserves, like Isla Natividad, 
have higher fish biomass despite the presence of 
large rookeries of California sea lions and Pacific 
harbor seals (Arias-Del-Razo et al., 2019).

So, can successful fisheries coexist with abun-
dant populations of pinnipeds? Our opinion is that 
it is possible if fishermen use the correct tools, 
such as marine reserves, biological monitoring, 
and fishing quotas, to ensure the health of the 
marine ecosystem. The frequencies of interactions 
between fishermen and pinnipeds can be expected 
to remain relatively low when marine mammals 
have enough prey available. In the opposite case, 
when stocks are overexploited and the trophic 
chain is shrinking, it is possible that more seals 
will look for prey in fishing gear. 

Considering the ecological, social, and economic 
impacts that fisheries–pinniped interactions can 
have, it is remarkable that there are so few studies 
on the subject in an area with such high diversity 
of pinnipeds such as the Baja California Peninsula. 
These interactions are difficult to quantify and, 
therefore, challenging to manage (Costalago et al., 
2019). The main methods to study them are strand-
ing records, entanglement indexes, onboard observ-
ers, and interviews with fishermen such as we have 
reported upon herein. New methods, like remote 
electronic monitoring (REM), have been proven 
effective at detecting artisanal fisheries bycatch, 
including pinnipeds (Bartholomew et  al., 2018). 
However, to obtain a full overview, it is important 
to continue gathering and analyzing information 
from all these sources and methods, as well as to 
compare between regions with different ecosys-
tems, levels of exploitation, target species, fishing 
gear, and social and economic characteristics. 
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