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Abstract

1.

Artisanal fisheries are socially and economically important along the Caribbean
coast of Colombia. These fisheries remain poorly characterized, making it difficult
to estimate their potential impact, especially on non-targeted catch such as
elasmobranchs.

A rapid assessment framework was used to investigate the exploitation, use, and
relative abundance of elasmobranchs and predatory teleosts in a region along the
Caribbean coast of Colombia. In-person structured interview surveys (n = 188)
were conducted during the autumn of 2016 at eight fishing towns around
Cartagena and the islands of the Natural National Park (NNP) Corales del Rosario
and San Bernardo. Baited remote underwater video systems (BRUVS) (n = 200)
deployed at four reefs were used to assess the relative abundance of
elasmobranchs and other predatory teleosts.

Fishers reported capturing eight shark and five ray taxa. Although 99% of fishers
indicated that they did not target sharks, 83% reported keeping the catches to
sell, eat, or both. Similarly, 81% of fishers did not target rays, but 90% reported
retaining catches. Most fishers (84%) perceived a decline of sharks in the coastal
waters since they started fishing, compared with 41% reporting batoid declines.
BRUVS data support the perceptions of elasmobranch declines. Elasmobranch
abundances were very low and no difference was detected between protected
and unprotected reefs. Results were similar for teleost taxa, but there were higher
abundances inside one marine protected area (MPA) that had high enforcement.
Taken together, the data suggest considerable degradation of not only
elasmobranch populations but also predatory fish populations of coral reef
habitats in a region of the Colombian Caribbean. Furthermore, artisanal fishers
continue to exploit coral reef resources inside MPAs unless there is strong
enforcement. Enforcement can be difficult with limited resources, and therefore
community-based conservation methods may be more effective. Engagement
with the local fishing community may help to reduce existing tensions and

improve compliance.
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1 | INTRODUCTION

Most fishery impact assessments have focused on industrial fisheries,
yet small-scale fisheries account for more than 95% of fishers
(Pauly, 2006) and approximately 32% of the global fisheries catch
(Pauly & Zeller, 2015). Given their wide occurrence and the large
number of people who depend on them, small-scale fisheries are an
important economic sector and warrant considerably more
investigation and attention from scientists and policymakers (Johnson
et al.,, 2013).

Artisanal fisheries, similar to industrial and recreational fisheries,
tend to target mid- to large-bodied, predatory fish such as jacks
(Carangidae), groupers (Serranidae), snappers (Lutjanidae), and in some
cases sharks and rays (elasmobranchs) (Stallings, 2009). Although time
series data are uncommon in many countries, declines in catch body
size, biomass, and species composition have been observed
(McClenachan, 2009; McClanahan & Omukoto, 2011). Also, fishers
have been documented shifting from larger species, such as shark-,
grouper-, and snapper-dominated landings, to lower trophic level
species, such as microinvertivores, omnivores, and herbivores
(Zgliczynski & Sandin, 2017; Heather et al., 2021), raising concerns
about the overfishing of larger-bodied taxa.

Low fecundity, slow growth, and late maturity are life-history
traits that make elasmobranchs particularly vulnerable to overfishing
compared with bony fishes, because of their limited capacity to
recover from over-exploitation (Musick et al., 2000; Morgan &
Burgess, 2007; Field et al., 2009; Simpfendorfer & Kyne, 2009; Dulvy
et al.,, 2014). Estimating the prevalence of elasmobranch catches in
artisanal fisheries is therefore important for stock assessments and
understanding the overall effect of fisheries on their populations.
However, such assessments have proven difficult because of the
absence of species-specific data (Neis et al., 1999; Gonzalez-Pestana,
Kouri & Velez-Zuazo, 2014; Dulvy et al., 2017).

Elasmobranchs from coastal, reef-associated, and open ocean
ecosystems have significantly declined over the last decades (Dulvy
et al., 2008; Ferretti et al., 2010; MacNeil et al., 2020; Pacoureau
et al, 2021). Despite conservation and management efforts in
multiple regions around the world (including bans on shark finning,
the regulation of the shark fin trade, and the establishment of marine
protected areas), elasmobranch by-catch and exploitation are likely to
remain at unsustainable levels at the global scale (Worm et al., 2013;
Ward-Paige & Worm, 2017; Diedrich &
Simpfendorfer, 2019). Currently, over 30% of elasmobranch species
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around the world are listed as Near Threatened, Vulnerable,
Endangered, or Critically Endangered, and 449 species are listed as
Data Deficient, on the International Union for Conservation of Nature
(IUCN) Red List (IUCN, 2021).

The conservation status of elasmobranchs, however, is not
universally poor. A recent global survey of coral reef sharks found that
a number of countries with low fishing pressure and/or adequate
management practices maintain high relative abundances of reef-
associated sharks (MacNeil et al.,, 2020). In this study, continental
Colombia was one of the worst regions for reef shark abundance.
Although this area has high human population density, there are
multiple marine protected areas (MPAs) purportedly protecting reef
species (UNEP-WCMC, 2018). Whether small-scale fishers target or
retain reef elasmobranchs, and their attitudes towards MPAs,
however, is poorly known.

It is estimated that over 190,000 artisanal fishers in Colombia
depend on freshwater and marine resources for their livelihood
(Rueda, 2001). Specifically, along the Caribbean coast of Colombia the
marine artisanal fisheries employ an estimated 14,000 people. The
most common gears used are gillnets, handlines, and longlines
(Beltran-Turriago & Villaneda-Jiménez, 2000; De La Hoz-M
et al,, 2014). All catches from these artisanal fisheries are consumed
nationally (OCDE, 2016). Official landings data, however, have been
lost during governmental changes and official data are only available
from the period 1975-2009 (Wielgus et al., 2010).

In 1975, the families Gerreidae, Centropomidae, and Lutjanidae
made up the largest proportion of marine teleosts caught in artisanal
fisheries. By 2014, the estimated tonnage for these families had
decreased by 83%, with Haemulidae and Mugilidae contributing the
largest proportions to landings (Pauly & Zeller, 2015). Although
elasmobranchs have never been the bulk of artisanal landings, their
susceptibility to fisheries (e.g. MacNeil et al, 2020) necessitates
improving our understanding of artisanal catches of elasmobranchs.

Interview surveys can enhance our understanding of the
interactions between artisanal fisheries and marine taxa, particularly
charismatic species such as marine mammals, elasmobranchs, and sea
turtles (Hall & Close, 2007; Moore et al., 2010: Hind, 2015). Despite
the limitations of social survey data (e.g. data are generally more
qualitative than quantitative), the interviews provide insights into the
species targeted and caught, the gears used, and estimates of
quantities captured in a low-cost and time-effective manner (Moore
et al., 2010; Carruthers & Neis, 2011; Tesfamichael, Pitcher &
Pauly, 2014). Incorporating fishers’ knowledge can also provide
insights into historical catches and population trends, as well as
helping to integrate stakeholders in research and conservation efforts.
However, field-based sampling should still be used in conjunction
with interview surveys to gain a more complete understanding of
elasmobranch population status (Temple et al., 2020).

Baited remote underwater video systems (BRUVS) provide a low-
cost and relatively rapid method for gathering such data, and have

been used successfully in surveys of reef-associated teleosts and
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elasmobranchs (Cappo, Harvey & Shortis, 2006; Bond et al., 2012;
Harvey et al, 2018; MacNeil et al., 2020). Interview surveys and
BRUVS were combined to investigate artisanal fisheries catches of
elasmobranchs and the relative abundance of elasmobranchs and large-
bodied teleosts in coral reef habitats in a portion of the Colombian
Caribbean. Specifically, (i) artisanal elasmobranch and teleost catches
around the National Natural Park (NNP) Corales del Rosario and San
Bernardo were characterized, and (ii) the occurrence and relative
abundance of reef-associated elasmobranchs and relatively large-
bodied teleosts were documented, to investigate whether MPAs in the

NNP contribute to reef-associated fish conservation.

2 | METHODS

21 | Studysite

The study was focused near the NPP Corales del Rosario and San
Bernardo (Figure 1), which is the only one of the three national parks
in the Colombian Caribbean that has coral reefs near a metropolitan
hub with a large human population. The park, located approximately
23 km south of the bay of Cartagena, was created in 1977 to protect
the coral reefs around the Rosario Archipelago (Figure 1). In 1996 it
was expanded to include the archipelago of San Bernardo, which is
located 43 km south of the Rosario Archipelago, and covers an area of
1,200 km?,

Colombia

FIGURE 1

The original ordinance, established in 1977, prohibited all
industrial fisheries within the park. Artisanal fisheries have been
allowed for native islanders, but gillnetting, longlining, and dynamite
fishing are prohibited. Starting in the year 2000, all fishing, including
sustenance fishing, was prohibited off the islands of Tesoro
(in Rosario) and Mangle (in San Bernardo). However, only Tesoro
(Figure 1, area A) is regularly patrolled and protected by park
personnel (UAESPNN, 2006). The NNP Corales del Rosario and San
Bernardo is composed of three main habitats: seagrass beds,
mangroves, and coral reef. Both northern and southern areas have
fringing coral reefs, patch coral reefs, and coral banks, but they are
algae-dominated reefs with a large proportion of bleached coral
(Alvarado, Pizarro & Sarmiento-Segura, 2011). The northern part of
the park, Corales del Rosario, has a total coral area of 145 km?, but
only 68 km? has live coral cover (Alvarado, Pizarro & Sarmiento-
Segura, 2011). In the southern part of the park, San Bernardo, coral
covers 213 km?, but only 135 km? is live coral cover (Alvarado,
Pizarro & Sarmiento-Segura, 2011). All the islands are of coral origin,
with Tesoro (Figure 1, area A), Grande (Figure 1, area B), Tintipan
(Figure 1, area C), and Mangle (Figure 1, area D) surrounded by
fringing reef with a steep drop-off at 40 m.

A total of 513 fish species from 119 families have been identified
in the NPP. Of these, 399 species occur in Rosario and 380 species
occur in San Bernardo (Polanco-Fernandez & Acero-Pizarro, 2011).
Within the park, 20 elasmobranch species (n = 13 shark and n = 7 ray
(Polanco-Ferndndez & Acero-

species) have been recorded
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The study occurred along the Caribbean coast of continental Colombia. White dots represent individual BRUVS drops and the

numbered stars denote the number of interview surveys collected at a site. Sampling occurred at Isla Tesoro (area A) in Corales del Rosario, Isla
Grande (area B) in Corales del Rosario, Tintipan Reef (area C) in San Bernardo, and Mangle Reef (area D) in San Bernardo
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Pizarro, 2011) out of the potential 90 elasmobranchs (n = 57 sharks
and n = 33 ray species) found in the Colombian Caribbean (Mejia-Falla,
Navia & Salcedo-Reyes, 2019).

2.2 | Interview surveys

Semi-structured questionnaire surveys were conducted in person
during the months of October-November 2016. The questionnaire
(see the Appendix; modified from Moore et al., 2010) had a particular
focus on elasmobranch captures and use, but also included questions
about teleosts that were targeted and captured. Initial questions
focused on the characteristics of interviewees (age, gender,
occupation, and fishing background, monthly fishing effort (days at
sea and hours per day)), fishing boat characteristics (boat size, engine
power, and numbe, and number of fishers in the crew), targeted
species, and fishing practices and gears used.

Questions regarding elasmobranchs inquired about catch
frequency and seasonality, whether elasmobranchs are targeted
species, caught as by-catch or retained as by-product (defined by an
unintended catch, but still fully consumed), and the ultimate fate of the
catch (finned, sold, retained for consumption, or both). Perception
questions focused on whether fishers believed whether there are
more, less, or the same number of sharks and rays since they started
fishing (Appendix). The Food and Agriculture Organization of the
United Nations (FAO) Identification Guide to Common Sharks and Rays
of the Caribbean was used to verify identifications (Bonfil, 2016).
Certain taxa, such as Rhizoprionodon spp. Sphyrna spp., and
Mobula spp., are difficult to identify at the species level without
specimens to examine, so these taxa were recorded at the genus level.
Teleost species were reported by fishers by their common names.

Many fishers who live outside the NNP Corales del Rosario and
San Bernardo MPAs (Figure 1) enter these waters to fish, so
interviews were also conducted in fishing towns that are on the
outskirts of the park. Isla Tesoro is an island retreat reserved for
Colombia's presidents, and therefore is mostly uninhabited
throughout the year. It is heavily patrolled by park personnel, and
occasionally by the Colombia Coast Guard, when the president visits.
In contrast, the islet Santa Cruz del Islote lies on the same reef tract
as Isla Tintipan, which is the world's most densely populated island
(approx. 1,200 habitants occupying 12,000 m?). Tesoro and El Islote,
therefore, provided a considerable gradient in human population
density to investigate the effect of artisanal fisheries on reef-

associated fish.

23 |
(BRUVS)

Baited remote underwater video systems

BRUVS consisted of a video camera (GoPro-Hero 2) mounted on a
metal frame. A small, pre-weighed bait source (1 kg of crushed

Atlantic red herring, Opisthonema oglinum) was attached on a 1-m

pole in the camera's field of view. A rope, that terminated in a buoy,
was attached to the frame.

Between 24 September and 30 October 2016, BRUVS were
deployed during daylight hours at sampling locations (Figure 1)
identified by a random number generator that produced latitude and
longitude points along the forereefs of the four sample reefs. All
deployments occured in water depths of 8-40 m. The BRUVS were
deployed from a boat and, once at the sea bed, divers oriented the
BRUVS to face down current. The BRUVS were allowed to film
continuously for approximately 90 minutes after settling to the
bottom. Each day, four units were deployed simultaneously, retrieved,
rebaited, moved to new locations, and deployed for a second time. No
BRUVS were simultaneously deployed within 500 m of one another.

Four islands with at least 2 km? of surrounding coral reefs were
sampled inside the park: two in the north (Grande and Tesoro in
Rosario Archipelago) and two in the south (Tintipan and Mangle in
San Bernardo archipelago) (Figure 1). The BRUVS were deployed at
262 locations on forereef habitats (Figure 1). Only deployments that
had at least 90 minutes of continuous filming, where the water
column was at least 50% of the screen image, and where the visibility
was >3 m were used. All videos were watched at a resolution of
1,080 pixels (1,080 p) at 30 frames per second (30 fps) for 90 minutes
from the start time, at normal speed, and were annotated
independently by at least two observers. Data recorded by observers
included species identification and the maximum number of
individuals of each species (MaxN) within a single frame (Bond
et al, 2012), as well as the time of first arrival for elasmobranch
species. Videos were watched for sharks, rays, and teleosts that are
important in artisanal fisheries, particularly groupers (Serranidae),
snappers (Lutjanidae), jacks (Carangidae), grunts (Haemulidae),
mackerel (Scombridae), and barracudas (Sphyraenidae).

2.4 | Data analysis
For surveys, the proportions of the fisher population interviewed
were calculated based on the total number of fishers who answered
the question or to whom the question was applicable to. For BRUVS,
no video had more than one individual of a particular elasmobranch
species and all video durations were virtually identical. Therefore,
logistic regression with the logit link function was used to investigate
the influence of environmental parameters (dissolved oxygen, depth,
temperature, and salinity) and island identity and protection type on
probability of observing a shark or a ray. Assumptions of normality
and homogeneity of variances were tested using Shapiro and Bartlett
tests. A one-way analysis of variance (ANOVA) tested for differences
in elasmobranch time of first arrival across islands and across species,
followed by a Tukey's post-hoc test.

A generalized linear model (GLM) with logit link and one-way
ANOVAs was used to investigate differences in fish family sum of
MaxN

Carangidae) across islands, followed by Tukey's post-hoc test. We

(Serranidae, Lutjanidae, Haemulidae, Scombridae, and
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hypothesized that if the protection status results in greater fish
abundance, then Tesoro and Mangle would have significantly higher
elasmobranch presence and teleost sum of MaxN. Alternatively, if
enforcement is required to protect marine resources, then relative
abundances should be higher at Tesoro than at other islands.
R 1.1.463 was used with the MASS4 library (R Core Team, 2016). All

values reported are means + SDs, unless otherwise noted.

3 | RESULTS

3.1 | Interview survey data

A total of 188 interview surveys were conducted across seven
different islands or towns in and around the NNP Corales del Rosario
and San Bernardo MPAs, including Isla Grande (n = 12), Santa Cruz
del Islote (n = 25), and Mucura (n = 32), which are inside the park,
and Baru (n = 26), Rincon (h = 3), Tierra Bomba (n = 48), and
Cartagena (n = 42) (Figure 1).

The fishers interviewed were mostly males (90%), with an
average age of 46.5 + 15.1 years (range: 18-86 years), and with an
average fishing experience of 30.1 + 16.8 years (range: 4-55 years).
The average boat size was 5.2 + 3.5 m in length, with an average crew
size of 3.37 £ 2.1 members. The most common type of boat used by
the fishers interviewed was a fibre glass canoe (67%, n = 188), with
an average size of 5.25 * 3.6 m, followed by a wooden canoe
(‘panga’, 22.8%), with an average size of 3.8 + 3.6 m, and then by a
large wooden canoe (‘chalupa’, 7.4%), with or without sails, used for
longer trips, with an average size of 18.5 + 5.6 m. Most fishers
(58.5%) fished on a boat with a motor, with an average of
27.7 £ 16.5 HP. The majority of the interviewees (97.8%) depended
upon fishing as their only occupation.

The most common primary fishing practices reported were
handlining with between one and three hooks (51%, n = 96), followed
by spearfishing (12.2%, n = 23), and beach seining (12.2%, n = 23).
Fishers reported using nine different fishing techniques, including

Proportion of Fishers

FIGURE 2 Top 11 taxa reported as targeted -Q;b
by fishers in this study

nooses (3.2%, n = 6), traps (1.6%, n = 3), and cast nets (0.5%, n = 1), as
well as prohibited gears, such as longlines (4.8%, n = 9) and dynamite
(0.5%, n = 1). Some fishers did not report a gear (6.9%, n = 13), and
fished simply by free diving and collecting conchs, octopus, and crabs
by hand. These fishers were excluded from the analyses because they
are not catching elasmobranchs or teleosts. In total, 33.5% (n = 63) of
fishers reported using only one gear, 42.5% (n = 80) of fishers reported
using two gears, and 17.0% (n = 32) reported using three gears; in all,
35 different gear combinations were reported.

Snappers (Lutjanidae) were reported as the primary target catch
by 75% (n = 141), jacks (Carangidae) were reported by 37.7%
(n = 71), and barracuda (Sphyraena barracuda) were reported by 25%
(n = 47) of the fishers (Figure 2). Seven out of the ten most commonly
sought-after taxa were reef associated, with bonito (Scombridae)
being the only pelagic taxa listed. Fishers identified 13 elasmobranch
in their catches,

taxa comprising eight sharks and five rays.

Hammerhead sharks (Sphyrnidae spp.), bull sharks (Carcharhinus
leucas), and tiger sharks (Galeocerdo cuvier) were reported most
frequently (Table 1). Southern stingray (Hypanus americanus), spotted
eagle ray (Aetobatus narinari), and southern eagle ray (Myliobatis
goodei) were the most commonly reported rays (Table 2).

When fishers were asked whether they targeted sharks, 99.3%
indicated that they did not. Regardless of whether fishers targeted
sharks, 82.7% (n = 134 of 162) of them reported keeping the catches
to sell, eat, or both. Of the fishers that chose to keep shark catches,
28.4% (n = 46 of 162) sold both the meat and fins, 17.9% (n = 29 of
162) kept the catch for sustenance, and the remaining 53.7% (n = 87
of 162) both sold and kept part of their catch for sustenance,
depending on the market and what else they had caught that day.

A total of 80.8% (n = 131 of 162) of fishers said they did not
target rays, but 90.1% (n = 146 of 162) reported retaining catches. Of
the fishers that chose to keep ray catches, 28.4% (n = 46 of 162) sold
them, 41.3% (n = 67 of 162) kept the catch for sustenance, and the
remaining 30.2% (n = 49 of 162) both sold and kept the ray catch for
sustenance, depending on the market and what else they had caught
that day.
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TABLE 1
Proportion of 188 fishers  Proportion of BRUVS in
Taxa reporting (n) protected areas
Hammerhead shark 0.52 (98) 0
(Sphyrna spp.)
Bull shark 0.44 (84) 0
(Carcharhinus leucas)
Tiger shark 0.38(72) 0
(Galeocerdo cuvier)
Nurse shark 0.26 (50) 0.11
(Ginglymostoma cirratum)
Caribbean reef shark 0.11 (21) 0.01
(Carcharhinus perezi)
Lemon shark 0.09 (18) 0.02
(Negaprion brevirosttris)
Blacktip shark 0.05 (10) 0
(Carcharhinus limbatus)
Sharpnose shark 0.04 (8) 0.01
(Rhizoprionodon spp.)
TABLE 2

Proportion of 188 fishers

Taxa reporting (n) protected areas
Southern stingray 0.84 (158) 0.08
(Hypanus americanus)
Spotted eagle ray 0.83 (156) 0
(Aetobatus narinari)
Southern eagle ray 0.03 (6) 0
(Myliobatis goodei)
Mobula 0.02 (3) 0
(Mobula spp.)
Spotted yellow ray 0.0 (0) 0

(Urobatis jamaicensis)

The majority of fishers, 83.5% (n = 157 of 188), perceived a
decline of sharks in the coastal waters since they started fishing,
compared with 40.9% (n = 77 of 188) reporting a decline in batoids.

3.2 | BRUVSdata

A total of 35 teleost species (commonly found in artisanal fisheries)
from 16 different families were recorded on BRUVS, but most families
had a MaxN of 1. Although a large variety of teleost taxa were
observed in the videos, there was no significant difference in large
and commercially important teleost presence on BRUVS between the
protected and unprotected sites (z = —0.72, df = 199, P = 0.47).
There was a significant effect of temperature (z = —9.40, df = 199,
P < 0.001), salinity (z = —3.72, df = 199, P < 0.001), and dissolved
oxygen (z = —2.31, df = 199, P < 0.001) on teleost presence. There
was no significant difference in temperature (z = —0.88, df = 199,

Proportion of BRUVS in

Shark taxa reported in artisanal catches and their occurrence on BRUVS in protected (n = 100) and unprotected (n = 100) reefs

Mean * SD time of first
arrival(minutes)

Proportion of BRUVS in
unprotected areas

0 NA

0 NA

(0] NA

0.03 54.5+0.9
0.01 425+0.8
0 4343 +1.0
0 NA

0 42.24

Ray taxa reported in artisanal catches and their occurrence on BRUVs in protected (n = 100) and unprotected (n = 100) reefs

Mean * SD time of first
arrival(minutes)

Proportion of BRUVS in
unprotected areas

0.11 50.33+£1.0
0.01 37.63

0 NA

0 NA

0 NA

P = 0.38) and dissolved oxygen (z = 1.64, df = 199, P = 0.10) across
islands, but all islands significantly differed in salinity (z = 2.33,
df = 199, P = 0.02). Only the families Serranidae, Lutjanidae,
Haemulidae, Scombridae, and Carangidae had a MaxN > 1
consistently across islands (Figure 3).

There were significant differences in abundances of teleosts
across islands (ANOVA: F = 7.82, df = 3, P < 0.001), and a post-hoc
Tukey's honestly significant difference (HSD) test revealed Tesoro
Island had a higher teleost MaxN than the other islands (Table 3). At
the species level, the MaxN values for Lutjanidae (ANOVA: F = 18.11,
df = 3, P < 0.0001) and Haemulidae (ANOVA: F = 3.07, df = 3,
P < 0.05) were highest at Tesoro Island (Table 3). Serranidae MaxN
was significantly greater at Mangle and Tesoro than at Grande Island
(ANOVA: F = 4.55, df = 3, P < 0.01; Table 3). There was no significant
difference in the MaxN values for Carangidae (ANOVA: F = 1.59,
df = 3, P > 0.05) or Scombridae (ANOVA: F = 1.06, df = 3, P > 0.05)

across islands.
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FIGURE 3 Box plots of MaxN for fish families observed on BRUVS in Tesoro Island (a), Grande Island (b), Tintipan Island (c), and Mangle
Island (d). Boxes show the lower (Q1) and upper (Q3) quartiles, as well as the median observation. Open circles are outliers

For sharks, 17 out of the 200 BRUVS deployed (8.5%) had at
least one shark, and 19 out of the 200 BRUVS deployed (9.5%) had at
least one ray. Overall, 35 of the 200 BRUVS deployed (17.5%)
recorded at least one elasmobranch. Only four shark taxa - Negaprion
brevirostris, spp.,
Carcharhinus perezi - and two ray taxa - H. americanus and A. narinari
- were recorded on BRUVS. Individuals from Rhizoprionodon were not
distinguishable at the species level, but Rhizoprionodon porosus,
Rhizoprionodon lalandii, and Rhizoprionodon terraenovae can be found

Ginglymostoma  cirratum, Rhizoprionodon and

along Colombia's Caribbean coast.

Time of first arrival was calculated for all elasmobranch species,
with an average time of arrival of 51.3 + 22.2 minutes (range: 11.4-
87.4 minutes) for all species (Tables 1, 2). There were no significant
differences in times of first arrival across the four reefs (ANOVA:
F =197, df = 3, P > 0.05). Low sample sizes precluded comparing
arrival timing across species. One of two C. perezi arrived after
60 minutes, whereas seven of 13 (53.8%) G. cirratum, seven of
17 (41.1%) H. americanus, and one of two N. brevirostris individuals
arrived after 60 minutes.

There was a significantly greater shark presence in the heavily
patrolled MPA at Tesoro Island (GLM: z —2.96, df = 199,
P = 0.003) than at the other islands, with 13 shark sightings at
Tesoro, compared with two at Grande, two at Tintipan, and zero at
Mangle Reef. There was no significant difference in ray presence
among locations (GLM: z = —0.392, df = 199, P = 0.69). There was
no significant difference in shark (GLM: z -1.74, df = 199,

P = 0.08) or ray (GLM: z = —0.573, df = 199, P = 0.57) presence

between the protected and unprotected areas.

4 | DISCUSSION
Interviews revealed that most fishers do not preferentially target
elasmobranchs. Indeed, 99.3% of fishers declared that they did not
target sharks, and 80.8% mentioned that they did not target rays.
Although they were not targeted, more than 80% and 90% of fishers
caught and retained sharks and rays, respectively, to consume or sell.
Wielgus et al. (2010) calculated that 50.6% of the total annual catch
(for all fish excluding tunas) was retained, rather than sold, by small-
scale fishers in the Colombian Caribbean; for elasmobranchs,
however, the proportion being kept rather than sold was much
smaller for both sharks (14.6%) and rays (35.6%). These results
highlight the need to better understand what proportion, and how
important, elasmobranch catches are for fishers’ overall income and
personal food consumption. Given the need for conservation and
protection of elasmobranchs (MacNeil et al., 2020; Pacoureau
et al, 2021), as well as their prevalence in fisheries, understanding
what fishers need and how they depend on elasmobranch catches is
critical for creating sustainable solutions.

Nonetheless, fishers reported eight shark and five ray taxa as
being part of their catches and commonly caught in and around NNP
Corales del Rosario and San Bernardo. Out of the eight reported shark
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TABLE 3

Post-hoc comparisons among islands using Tukey's test (alpha = 0.05) for sum of teleost MaxN, Lutjanidae MaxN, Haemulidae
MaxN, and Serranidae MaxN. Significant results are highlighted in bold

Comparison set 95% CI
Group MaxN Island A Island B Mean difference P Upper bound Lower bound
All teleosts Mangle Grande -0.66 0.30 -1.62 0.31
All teleosts Tesoro Grande 0.97 0.01 0.18 1.78
All teleosts Tintipan Grande 0.03 0.99 -0.88 0.95
All teleosts Tesoro Mangle 1.63 <0.0001 0.71 2.56
All teleosts Tintipan Mangle 0.69 0.32 -0.34 1.72
All teleosts Tintipan Tesoro -0.94 0.03 —-1.83 -0.07
Lutjanidae Mangle Grande -0.67 0.86 -2.89 1.54
Lutjanidae Tesoro Grande 3.71 <0.0001 1.98 5.44
Lutjanidae Tintipan Grande -1.19 0.51 —3.42 1.03
Lutjanidae Tesoro Mangle 4.38 <0.0001 2.22 6.55
Lutjanidae Tintipan Mangle -0.52 0.95 -3.10 2.06
Lutjanidae Tintipan Tesoro —4.90 <0.0001 —7.08 —-2.72
Haemulidae Mangle Grande -1.06 0.67 -3.47 1.45
Haemulidae Tesoro Grande 0.96 0.49 —0.78 2.70
Haemulidae Tintipan Grande 1.09 0.65 —-1.32 3.51
Haemulidae Tesoro Mangle 2.02 0.03 0.14 3.91
Haemulidae Tintipan Mangle 2.15 0.12 -0.37 4.67
Haemulidae Tintipan Tesoro 0.13 0.99 —-1.76 2.02
Serranidae Mangle Grande -0.66 0.03 -1.27 -0.05
Serranidae Tesoro Grande -0.52 0.02 —0.96 —0.07
Serranidae Tintipan Grande -0.11 0.95 -0.62 0.41
Serranidae Tesoro Mangle 0.14 0.93 -0.46 0.74
Serranidae Tintipan Mangle 0.55 0.13 -0.10 1.20
Serranidae Tintipan Tesoro 041 0.15 -0.09 0.91

species, the three most reported species were large-bodied sharks
habitats
(Compagno, 2005; Pikitch et al., 2005) and were not recorded on

that are relatively rare in shallow coral reef
BRUVS in this study. This discrepancy is likely because large-bodied
sharks are more memorable and easily identified by fishers (Bunce
et al,, 2008; Daw, Robinson & Graham, 2011). Additionally, during
interview surveys fishers may misidentify species because of visual
similarities, regional differences in the common names of species,
misremembering catches, or the changing distributions of species
(Reed, 2011; Sowards, Hullinger & Steffen, 2019).

In 2014 Sistema del Servicio Estadistico Pesquero Colombiano
(SEPEC) conducted a market survey to record shark landings by the
artisanal sector. They recorded 19 shark species and eight ray species
in a 6-month period (SEPEC, 2014), compared with eight shark and
four ray taxa reported by fishers in the current study. Shark species
that they observed in markets, but are not identified in this study,
include Carcharhinus porosus, which is commonly found in muddy or
habitats,

Echinorhinus brucus, Centrophorus spp., Alopias superciliosus, and Isurus

estuarine Carcharhinus  falciformis,  Prionace glauca,

oxyrinchus, found in pelagic and/or deep water habitats, and Mustelus

canis and Mustelus norrisi, which are common on sandy or muddy
bottoms (fishbase.de; Froese & Pauly, 2010). They were also able to
identify four Sphyrna species, Sphyrna lewini, Sphyrna mokarran,
Sphyrna tiburo, and Sphyrna tudes, and two Rhizoprionodon species,
R. porosus and R. lalandii, which were not possible to identify at
species level in the current study. Ray species not identified in this
study include Hypanus guttatus and Dasyatis sabina, which are found
in brackish and estuarine waters, Rhinoptera bonasus, found in bays
and estuarine waters, and Styracura schmardae, Pseudobatos percellens,
and Rhinoptera brasiliensis, which are occasionally found on coral reefs
(Froese & Pauly, 2010).

Most elasmobranch species not identified in this study live in
habitats not sampled with BRUVS and are too rare or pelagic to
be caught by the coral reef artisanal fishers interviewed. It is likely
that market surveys gather species that occur in habitats that were
not sampled with BRUVS in this study and are caught by a
much broader fishing community than those interviewed in
this study. Market surveys can also potentially capture species
present during seasons outside of the 1-month BRUVS sampling

period.
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This study builds on the identified species that were not recorded
in previous market surveys, but were still retained and utilized by
fishers. Such shark species include C. perezi and N. brevirostris, and ray
species include M. goodei and Urobatis jamaicensis. Interviewed fishers
reported that when N. brevirostris are caught they are sold to a nearby
aquarium, and that U. jamaicensis are considered too small and
without enough meat to sell in the market. Carcharhinus perezi and
M. goodei were likely to have been misidentified because of their
similarity to other species caught by fishers. These additional species
bring the total to 21 shark species and 10 ray species identified in
fisheries of the region. Additionally, from the information gathered on
the species preferred to catch it was estimated that around 15% of
shark and 35% of ray catch may never enter the market. Thus, market
surveys may not capture the full extent, diversity, and importance of
elasmobranch catches in artisanal fisheries.

The BRUVS data from this study, which featured recording times
(90 minutes) that are 50% longer than those included in MacNeil et al.
(2020) further support the degraded status of reef-associated sharks
in the continental waters of Colombia. Caribbean reef sharks
(C. perezi) appeared in 17.5% of BRUVS off Belize (Bond et al., 2012),
a variety of shark species were present on 70% of BRUVS off Cape
Eleuthera in The Bahamas (Brooks et al., 2011), and off Turks and
Caicos a variety of elasmobranch species appeared in 61.5% of
deployments (Bruns & Henderson, 2020). In comparison, during this
study Caribbean reef sharks appeared in 1% of BRUVS, only 8.5% of
BRUVS recorded at least one shark, and 17.5% of BRUVS contained
images of at least one shark or ray.

Sharks are protected within some MPAs in Belize and Turks and
Caicos, and within all the waters of The Bahamas, but along the
continental Caribbean coast of Colombia they were not protected at
the time of sampling. Although the NNP Corales del Rosario and San
Bernardo includes protected areas where industrial fisheries are
prohibited and areas where all fishing is prohibited, the size of this
area is small compared with the home range sizes of reef-associated
sharks (Chapman et al, 2005) and the large-bodied wide-ranging
species reported by fishers (e.g. tiger sharks). Large MPAs appear to
be critical for the effective conservation of reef-associated sharks,
especially given that some reef-associated shark species can travel
long distances (White et al., 2017; MacNeil et al., 2020). Therefore,
despite the protection of NNP Corales del Rosario and San Bernardo
from industrial fisheries, the size of the MPAs combined with
permitted artisanal fishing (present during this study) is not likely to
be adequate for reef shark conservation. Strict no-take rules for reef-
associated elasmobranchs, combined with larger MPAs, should be
considered to help rebuild depleted populations (Dwyer et al., 2020).

Given the recent studies (MacNeil et al., 2020; Pacoureau
et al., 2021) showing a global decline of shark populations and the
urgent need for management, on 26 November 2020 Colombia's
President, Ivan Duque Marquez, and the Ministry of the Environment
announced that all types of shark fishing (including artisanal and
sustenance fishing) would be banned with immediate effect. Although
the announcement of making Colombia a shark sanctuary received a

generally positive media response and international support, it had a

divided response amongst Colombian fishers, researchers, and
citizens.

Despite the announcement in November 2020, the official decree
was released by the government in March 2021. Although
Decree 281 of 2021 protects all sharks, rays, and chimeras in
Colombia, it does not outline the details, process, and timeline for the
implementation of this new protection. The details and
implementation of this new protection are to be elaborated in the
Environmental Plan for the Protection and Conservation of Sharks,
Marine Rays and Chimeras, which is still being developed while the
decree is already in place. During the original announcement the
President noted that artisanal, afro-Colombian, and indigenous
communities would receive payment or subsidy for their loss of an
economic and food source; as of June 2022, no legal document has
been released on how, when, and which communities will be
compensated. Given that fisheries subsidies can have negative
unintended consequences on the community and the ecosystem
2019; 2020),

transparency by the governing bodies and community input on the

(Sumaila et al., Cisneros-Montemayor et al,
compensation is important.

Interviews revealed that in 2016 artisanal fishers continued to
exploit coral reef resources inside areas where all fishing is prohibited.
In addition, fishers reported fishing with prohibited gears and fishing
in the MPAs at night. Therefore, current conservation policies are
unlikely to have the desired outcomes without effective enforcement
or greater community acceptance. This explains, at least in part, why
there was no significant difference in elasmobranch and teleost
abundance between protected and unprotected areas. For sharks and
teleosts included in this study, Tesoro had significantly higher relative
abundances than the other islands. Tesoro is the only island where
fishing restrictions are enforced, suggesting that conservation goals
are much more likely to be met if there is enforcement when fishing
pressure is high (Abernethy et al, 2007). The challenges of
enforcement and building fishing community support for the
conservation of elasmobranchs appears to be widespread. Indeed,
despite the announcement to protect all elasmobranch resources in
2019, on 24 September 2021 almost 3,500 shark fins were
confiscated by the authorities at EI Dorado Airport in Bogota,
Colombia. The majority of fishers in this study perceived that there
had been a decline of sharks in the coastal waters since they started
fishing, suggesting that there might be a general understanding of the
management challenges regarding sharks and rays.

Further involvement of stakeholders, as called for by the National
Plan of Action for Sharks (Caldas-Aristizabal et al., 2010), as well as
stricter enforcement of policies in place (given that some fishers
disregard them) is almost certainly needed. Enforcement can be
difficult in nations with limited resources (Linnell, Swenson &
Anderson, 2001; Keane et al., 2008) and therefore community-based
conservation methods (Hrbek, Crossa & Farias, 2007; Keane
et al., 2008; Stacey et al., 2012) may be more effective. For example,
in July 2018 a group of fishers in NNP Corales del Rosario and San
Bernardo attacked the Park Headquarters in Mdcura in retaliation for

two fishers being arrested for cutting down protected mangroves.
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Engagement with the local fishing community may help to reduce
existing tensions and improve compliance.

This study highlights the challenges that remain in estimating the
full extent and nature of artisanal catch and the role it plays in the
livelihood and socio-economics of Colombian fishers, as well as the
importance of interview surveys as a cost- and time-effective method
that engages local stakeholders. Interview surveys provide a local
point of view, and therefore can facilitate the collection of data on a
wide range of socio-economic and cultural issues that can aid in
conservation. Interviewing fishers can also help alleviate the
frustration that fisheries stakeholders experience when their
perspective is not considered in policymaking (Islam, Nahiduzzama &
Wahab, 2020; Yates, 2014). Without including local stakeholders in
fisheries co-management and research, conservation measures are
unlikely to be effective for elasmobranchs of coastal Colombian
waters.
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APPENDIX

Cuestionario para la evaluacion de la captura de elasmobranquios.
Para el entrevistador:
Entrevista Nro:

Fecha: __________

Horadeldia: ____

Informacion sobre la ubicacién:

Estado: __________ Comunidad: __________
Pueblo

Si en el muelle, ;cual es el nimero de barcos en ese momento?
Circunstancia de la entrevista: saliendo al mar regresando de pesca
Género del entrevistado: Hombre Mujer.

Se uso un traductor o persona intermedia para ayudar a realizar esta
entrevista? S N.
Declaracién inicial:

Me llamo

. Yo trabajo en un proyecto llevado a cabo por la
Universidad Internacional de la Florida. Esta organizacién lleva a cabo
una investigacion de la pesca y el mar. El objetivo de este proyecto es
simplemente aprender mas sobre la pesca costera y sus relacion con
los tiburones y rayas. Su participacién es voluntaria y confidencial. No
vamos a grabar su nombre o cualquier informacién personal o
compartir sus respuestas individuales con nadie fuera del equipo de

investigacion. Sus respuestas honestas no tendran consecuencias para
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usted; esto es estrictamente para la investigacion académica. Nuestra
investigacion podria, sin embargo, ser utilizado para ayudar a mejorar
el medio ambiente marino y la sostenibilidad de la pesqueria a largo
plazo. Usted no tiene que responder a cualquier pregunta que no
desee, y puede terminar esta entrevista en cualquier momento. La
entrevista completa tardara unos 15-30 minutos. Nos damos cuenta
de que usted estd muy ocupado y apreciamos mucho su voluntad por

tomar tiempo con nosotros.

Descripcion del barco y pescador.
(Qué tipo de barco tiene usted o usa usted para la pesca?
(Qué tan grande (en metros) es el barco que usted usa para la pesca?

(Esta motorizado el barco? Si no.

(Cual es la potencia del motor? __________
(Cuantos pescadores, incluyendo a usted mismo, estan en el barco
cuando salen a pescar?

(cuantos afos lleva pescando?

(Cuantos afos tiene?

Pesca y captura:

Responder a estas preguntas para describir su experiencia
individual, no la de su comunidad.

(Cudles son los tres tipos de artes de pesca principales que utiliza
con mayor frecuencia en el transcurso de un afo? (ilustraciones de
uso).

Arte 1:

Arte 2:

Arte 3:

Para las tres artes mencionadas anteriormente, llenar detalles de:

Tamafo de la

Tamaio de la

Palangre: tamano del anzuelo: Numero de ganchos

Anzuelo y sedal (1 o pocos ganchos): Redes de arrastre (a lo largo del
barco) Fija Otro.

Red de cerco o cerco envolvente. Tamafo de malla ______
Longituddelared _____________
Cerco de playa (jabega). Tamafiodemalla ________
trampas.

Otro (describa):
(Durante qué meses del ano utiliza cada arte?
Arte 1:

Arte 2:

Arte 3:

Durante los meses mencionados anteriormente, ;cuantos dias por

semana pesca con cada arte?

Arte 1:

Arte 2:

Arte 3:

En un dia promedio, ;cuantas horas esta en el barco de pesca?

Durante el pico de la temporada de pesca, ;cuantas horas esta en el
barco de pesca?

(Qué esta tratando de capturar con cada arte (en orden)?

Arte 1:

Arte 2:

Arte 3:

(Cudntos dias al ano pesca en el arrecife? ;Y cuantos en el mar
abierto?

Rayas.

(Alguna vez ha atrapado rayas al utilizar estas artes? Escribe: Si No No
recuerdo.

Arte 1:

Arte 2:

Arte 3:

Cuando capturo una raya, fue:

Captura dirigida capturada incidental subproducto (captura de forma
incidental pero se uso).

(Qué hiciste con las rayas capturadas en los Gltimos 12 meses?
Descartar muerta Liberar vivas Vender sélo aletas Vender todo el
cuerpo Consumo propio.

(Por qué?

Si contesto si a un arte o mas, complete lo siguiente:
Artel: ;Qué especies se han capturado con esta arte (usar
ilustraciones), y que tan seguro esta?
Lista de especies, en orden de mas a menos cominmente atrapados.
Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

__________________ Muy seguro bastante seguro no estoy seguro.

Durante qué meses del afio atrapan rayas con esta arte?:

Especies 1:

Especies 2:

Especies 3:

(Cuantas rayas en total atrapo este Ultimo afio, con esta arte?

marcar con un circulo: 0 1-10 11-20 21-50 50 no sabe.

(En que profundidad del agua y qué tan lejos de la costa estaba
pescando cuando los atrapo?

Arte 2: ;Qué especies se han capturado con esta arte (usar
ilustraciones), y que tan seguro esta?

Lista de especies, en orden de mas a menos cominmente atrapados.
Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

__________________ Muy seguro bastante seguro no estoy seguro.

Durante qué meses del afio atrapan rayas con esta arte?:
Especies 1:

Especies 2:

Especies 3:

(Cuantas rayas en total atrapo este ultimo afio, con esta arte?
marcar con un circulo: 0 1-10 11-20 21-50 50 no sabe.
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(En qué profundidad del agua y qué tan lejos de la costa estaba
pescando cuando los atrapo?

Arte 3: ;Qué especies se han capturado con esta arte (usar
ilustraciones), y que tan seguro esta?

Lista de especies, en orden de mas a menos cominmente atrapados.

Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.
Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.
(Durante qué meses del afio atrapan rayas con esta arte?:
Especies 1:

Especies 2:

Especies 3:

(Cuantas rayas en total atrapo este ultimo afo, con esta arte?

marcar con un circulo: 0 1-10 11-20 21-50 50 no sabe.

(En qué profundidad del agua y qué tan lejos de la costa estaba
pescando cuando los atrapo?

Tiburones.

(Alguna vez ha atrapado tiburones al utilizar estas artes? Escribe: Si
No No recuerdo.

Arte 1:

Arte 2:

Arte 3:

Cuando capturo un tiburdn, fue:

Captura dirigida capturada incidental subproducto (captura de forma
incidental pero se uso).

(Qué hiciste con los tiburones capturados en los Ultimos 12 meses?
Descartar muerto Liberar vivos Vender sélo aletas Vender todo el
cuerpo Consumo propio.

(Por qué?

Si contesto si a un arte o mas, complete lo siguiente:
Artel: ;Qué especies se han capturado con esta arte (usar
ilustraciones), y que tan seguro esta?
Lista de especies, en orden de mas a menos cominmente atrapados.
__________________ Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

Durante qué meses del afo atrapan tiburones con esta arte?:
Especies 1:

Especies 2:

Especies 3:

(Cudntos tiburones en total atrapo este ultimo afio, con esta arte?
marcar con un circulo: 0 1-10 11-20 21-50 50 no sabe.

(En que profundidad del agua y qué tan lejos de la costa estaba
pescando cuando los atrapo?

Arte 2: ;Qué especies se han capturado con esta arte (usar
ilustraciones), y que tan seguro esta?

Lista de especies, en orden de mas a menos cominmente atrapados.

Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

__________________ Muy seguro bastante seguro no estoy seguro.

Durante qué meses del afio atrapan tiburones con esta arte?:
Especies 1:

Especies 2:

Especies 3:

(Cuantos tiburones en total atrapo este ultimo afo, con esta arte?
marcar con un circulo: 0 1-10 11-20 21-50 50 no sabe.

(En qué profundidad del agua y qué tan lejos de la costa estaba
pescando cuando los atrapo?

Arte 3: ;Qué especies se han capturado con esta arte (usar
ilustraciones), y que tan seguro esta?

Lista de especies, en orden de mas a menos comunmente atrapados.
Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

Muy seguro bastante seguro no estoy seguro.

__________________ Muy seguro bastante seguro no estoy seguro.

(Durante qué meses del afo atrapan tiburones con esta arte?:
Especies 1:

Especies 2:

Especies 3:

(Cudntos tiburones en total atrapo este Gltimo afio, con esta arte?
marcar con un circulo: 0 1-10 11-20 21-50 50 no sabe.

(En qué profundidad del agua y qué tan lejos de la costa estaba
pescando cuando los atrapo?

El riesgo para los pescadores.

(Los tiburones dafan su equipo de pesca? Swe no.

danan?

En caso afirmativo, qué tipos de artes se

(Con qué frecuencia ha sido su equipo dafiado por los tiburones en el
Ultimo afo?
marcar con un circulo: 0 1-2 3-5 6-10 > 10 no sabe.

(Los tiburones dafnan lo que capturan? Si no.

(Con qué frecuencia ha sido comida/danada su captura por un
tiburdn en el dltimo afio?
marcar con un circulo: 0 1-2 3-5 6-10 > 10 no sabe.

En su vida, ;alguna vez has sido herido por un tiburén? Si no.

Si contesto que si, que tan grave fue su lesion? Muy grave
ligeramente grave no fue grave.

Si contesto que no, ;qué tan probable cree usted que sea herido
por un tiburén?
Muy probable poco probable no es probable.
El Pasado.
A comparacién de cuando empezé a pescar:

(hay mas, menos o la misma cantidad de tiburones/rayas en las
areas que usted pesca?

(La captura accidental de rayas/tiburones es mayor, menor, igual,
0 no saben?
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(La captura accidental de rayas/tiburones es mayor, menor, igual, ENTREVISTADOR PARA SOLAMENTE.
0 no saben? (Qué tan abierto y honesto parecio el pescador al responder a las
Preocupaciones. preguntas acerca de sus capturas?
;Tiene alglin comentario general con respecto a sus actividades de Muy abierto/ honesto Algo abierto/honesto no fue honesto.
pesca que usted piensa que es necesario tener como prioridad? (Qué tan interesado y comprometido parecia el pescador durante la
(Rango en orden). entrevista?

1. Muy interesado moderadamente interesado No le interesa.
2. (Qué tan seguro parecia el pescador respecto a sus respuestas?
3.

Muy seguro razonablemente seguro Inseguro.
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