Baited Remote Underwater Video Surveys (BRUVS)

Baited cameras have been used to study predatory fish in a variety of habitats,
including coral reefs (Brooks et al., 2011; Bond et al. 2012, Wraith et al. 2013, Harvey et
al., 2018). I used BRUVs that 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 1m pole in the camera’s field of view, with a

rope attached to the frame that terminated in a buoy.

Between 24 Sep- 30 Oct 2016, BRUVs were deployed during daylight hours at
sampling locations identified by a random number generator that produced latitude and
longitude points along the forereefs of the four sample reefs at a depth of 8-40 m. The
BRUVs were deployed from the boat using a rope and in-water personnel to orient the
BRUV facing down current. The BRUV was allowed to film continuously for ~ 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 500m of one another. At both the start and end of
each deployment environmental variables were measured including bottom depth with a
handheld depth Vexilar Handheld Digitial Sonar, and water temperature, salinity, and

dissolved oxygen with a YSI Pro 2030.

The BRUVS were deployed at 262 points on the forereefs. | used 50 videos at
each site for analyses. I only used deployments that had at least 90 minutes of continuous
filming, the water column was at least 50% of the screen image, and visibility >3m. All

videos were watched for 90 min from the start time, at normal speed and annotated
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independently by at least two observers. Data recorded by observers included species
identification and the maximum number of individuals from each species (MaxN) within
a single frame (Bond et al., 2012). Videos were watched for sharks, rays, and teleost fish
that are important in artisanal fisheries, particularly groupers (Serranidae), snappers
(Lutjanidae), jacks (Carangidae), grunts (Haemulidae), mackerel (Scombridae) and

barracudas (Sphyraenidae).

Data analysis

Since no BRUV had more than one individual of a particular elasmobranch
species, and all video durations were virtually identical, | used logistic regression to test
the hypothesis that environmental parameters and island would affect the probability of

observing a shark or a ray with link logit:

Elasmo.prescence ~ Island + Temperature + Dissolved Oxygen + Salinity + Depth
(Egn. 2)

where elasmobranch presence is the occurrence of sharks and rays (separately), island is

a fixed effect and temperature, DO, Salinity and Depth are random effects.

Since only five teleost families had MaxN>1, a Generalized Linear Model (GLM)
and one-way ANOVAs were run to test for differences in fish family sum of MaxN
(Serranidae, Lutjanidae, Haemulidae, Scombridae and Carangidae) across islands,
followed by a Tukey Post-hoc test. The R software version 1.1.463 was used with the
MASS4 library (R Core Team, 2016). All values reported are mean + SD unless

otherwise noted.
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Results

Interview survey data

Interviewed fishers were mostly males (90%), on average 46.5 £15.1 years old
(range: 18 - 86) and had an average fishing experience of 30.1 £16.8 years (range: 4 to 55
years). Average boat size was 5.2 +3.5 meters in length, with an average crew size of
3.37m £3.1 members. The most common type of boat used by interviewed fishers was a
fiberglass canoe (n= 126 of 188; 67%) with an average size of 5.25m +3.6, followed by a
wooden canoe (“panga”, n=43 of 188; 22.8%) with an average size of 3.8m £3.6, and the
third most common was a large wooden canoe called a (“chalupa”, n= 14 of 188; 7.4%)
that may or may not have sails and is used for longer trips, with an average size of 18.5m
+5.6. Most fishers (n= 110 of 188, 58.5%) fished on a boat with a motor, with an average
of 27.7 £16.5 HP. The majority of interviewees (n=184 of 188; 97.8%) depended on

fishing as their only occupation.

The most common primary fishing practices reported were handlining with one to
three hooks (n= 96 of 188; 51%), followed by spearfishing (n= 23 of 188; 12.2%), and
beach seining (n= 23 of 188; 12.2%). Fishers reported using nine different fishing
techniques, including nooses (n= 6 of 188, 3.3%), traps (n=3 of 188, 1.6%), cast nets (n=
1 of 188, 0.5%), and prohibited gears, such as longlines (n=9 of 188; 4.8%), and
dynamite (n=1 of 188, 0.5%). Some fishers did not report a gear (n= 26 of 188, 13.8%),
and fished simply by free diving and grabbing conchs and crabs by hand (Figure 2). The
majority of fishers only used two gears (n=80 of 188; 42.5%), but 35 different gear

combinations were reported.
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Snappers (Lutjanidae) were reported as the primary target catch by 64.9% of
fishers reported as the primary target catch, jacks (Carangidae) by 32.5% and barracuda
(Sphyraena spp.) by 22% (Figure 3). Seven out of the ten most commonly sought-after
taxa were reef-associated, with bonito (Scombridae) being the only pelagic taxa listed.
Fishers identified thirteen elasmobranch taxa in their catches, including eight shark taxa
and four ray taxa. Hammerhead sharks (Sphyrnidae spp.), bull sharks (Carcharhinus
leucas), and tiger sharks (Galeocerdo cuvier) were reported most frequently (Table 1).
Hypanus americana, Aetobatus narinari, and Myliobatis goodei were the most commonly

reported rays (Table 2).

When fishers were asked whether they targeted sharks, 85.6% (n= 161 of 188)
indicated they did not. Regardless of whether fishers targeted sharks, 71.3% (n=134 of
188) of them reported keeping the catches to sell, eat, or both. A total of 69.7% (n= 131
of 188) of fishers said they did not target rays, but 77.6% (n= 146 of 188) reported
retaining catches. The majority of fishers 83.8% perceived a decline of sharks in the
coastal waters since they started fishing, compared to 40.8% of them for batoids. Based
on answers by fishers, | estimate landing an average of 5.6-228 metric tons of sharks and

4.07-26.2 rays a year (Table 3).

BRUV data

Although a large variety of teleost taxa were observed on the videos, there was no
significant difference in large and commercially important teleost presence between the
protected and unprotected sites (GLM: z=-.72; P =.472), and there was no significant

effect of any of the environmental variables on teleost presence. Only the families
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Serranidae, Lutjanidae, Haemulidae, Scombridae and Carangidae, had a MaxN > 1
consistently across islands (Figures 4-7). There were significant differences in
abundances across islands (ANOVA: F=7.82, P<.001), with Tesoro Island having higher

MaxN than the other islands (Table 4).

Lutjanidae MaxN was significantly different across islands (ANOVA: F=18.11,
P<.0001), with the highest values at Tesoro Island (Table 4). Abundances of Haemulidae
were also significantly different across islands (ANOVA: F=3.07, P<.05), with MaxN at

Tesoro Island greater than at Mangle (Table 4).

Abundance of Serranidae MaxN varied spatially (ANOVA: F=4.55, P<.01), with
Mangle and Tesoro having greater MaxN than Grande Island (Table 4). There was no
significant difference in Carangidae (ANOVA: F=1.59, P>.05) or Scombridae (ANOVA:

F=1.06, P>.05) MaxN across islands.

Only three shark species and two stingray species were observed: Negaprion
brevirostris, Ginglymostoma cirratum, Rhizoprionodon spp., Dasyatis americana and
Urobatis jamaicensis. For sharks, 17 out of the 200 BRUV deployments (8.5%) had at
least one shark, and 26 out of the 200 BRUV deployments (13%) had at least one batoid.
Overall, 40 of the 200 BRUV deployments (20%) recorded at least one elasmobranch.
There was no significant difference in shark (GLM: z = -0.684; P = 0.49) or ray (GLM: z
= 1.03; P = 0.32) presence between the protected and unprotected islands and there was
no significant effect of any of the environmental variables on shark and ray

presence/absence, except for salinity (GLM: z = 2.21; P = 0.03).

21



Discussion

Interview survey data revealed that most fishers do not preferentially target
elasmobranchs. Indeed, 84.3% of fishers declared they did not target sharks, and 68.6%
mentioned they did not target rays. Although they were not targeted, more than 70% and
75% of fishers caught and retained sharks and rays, respectively, to consume or sell.
Wielgus et al. (2010) calculated that 50.6% of total annual catch was retained (for all fish
excluding tunas), rather than sold, by small-scale fishers in the Caribbean. | found that for
elasmobranchs, the proportion being kept rather than sold was much smaller for both
sharks (14.6%) and rays (35.6%). Fishers reported eight shark and four ray taxa as being
part of their catches and commonly found in and around the Natural National Park
Corales del Rosario and San Bernardo. Out of the eight reported taxa, the most
commonly reported three species were large-bodied sharks, despite these sharks being
rare in shallow water coral reef habitats and none were recorded on BRUVS. This
discrepancy likely is due to large-bodied sharks being more memorable and easily

identified.

In other places in the Caribbean where sharks are protected, such as Abaco in the
Bahamas, sharks appeared in 70% of BRUV sets (Whitman 2018). Along the continental
Caribbean coast of Colombia, sharks are not protected. Although the Natural National
Park Corales del Rosario and San Bernardo includes protected areas where industrial
fisheries are prohibited and areas were all fishing is prohibited, the size of this area is
small compared to the home range sizes of reef sharks (Chapman et al., 2005) and the

large-bodied roving taxa reported by fishers. Also, interview survey data revealed that
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artisanal fishers continue to exploit coral reef resources inside areas were all fishing is
prohibited, retain almost all of the animals they catch, and perceive fewer elasmobranchs
than they did when they started fishing. Data from BRUVs are consistent with the
interview survey data, showing relatively low species richness and relative abundances of

elasmobranchs in the sampled area.

Given the nature of the boats and gears used by artisanal fishers in Colombia,
most fishers cannot access remote reefs, thus the limited area accessible to most fishers
can lead to overexploitation regardless of conservation policies (Abernethy et al., 2007).
Fishers self-reported fishing with prohibited gear and fishing in the protected areas at
night to avoid being caught by Park personnel, which demonstrates that fishers
knowingly ignore conservation policies and explains, at least in part, why | observed no

significant difference in elasmobranch in protected and unprotected areas.

Although fishers reported eight shark taxa in their interviews, only four shark taxa
(in order of occurrence) Negaprion brevirostris, Ginglymostoma cirratum,
Rhizoprionodon spp., and Carcharhinus perezii appeared on BRUVS. Fishers reported
four main batoids, including Hypanus americana, Aetobatus narinari, Myliobatis goodei
and Mobula spp. in interviews. However, only Hypanus americana and Aetobatus

narinari were recorded on the BRUVS.

Large predatory teleosts were reported to be targeted by fishers and appeared in
BRUVs at relatively low abundances. A total of 35 teleost species from 16 different
families were recorded on BRUVSs, but most families had MaxN of 1. Lutjanidae,

Carangidae, Haemulidae, Scombridae and Serranidae were the only predatory fish
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families that were detected across all islands, and Tesoro had significantly higher relative
abundances than the rest of the islands. This difference may be the results of Tesoro
being the only island where fishing restrictions are enforced, since it is protected and

regularly patrolled.

The flexible and informal nature of artisanal fisheries make them very difficult to
monitor, particularly in developing countries where these fisheries are most common. At
the national level, in 2012, a government agency, the Servicio Estadistico Pesquero
Colombiano (SEPEC, Colombian Fisheries Statistical Service) interviewed 4,026 fishers
across the country, including the Caribbean and Pacific coasts as well as inland
communities near rivers. Most questions asked about their socio-economic status and
general census information. No species-specific catch or ecological data were collected
(SEPEC 2013). In 2014, SEPEC gathered species-specific data at landing sites across the
nation. In a six-month period (January-June), they estimated 21.42 metric tons of sharks
and 15.29 metric tons of rays landed along the continental Caribbean coast for artisanal
fisheries. They recorded 19 different shark species and eight ray species in the landings,
with Rhizoprionodon porosus making up the majority, 44.63%, of shark catches and
Dasyatis americana making up the majority, 42.9%, of ray catches (De La Hoz et al.,
2014). For teleosts, Scombridae made up the largest proportion of Caribbean artisanal
catches, at 36.6% with an estimated 393.2 tons. The next largest proportion of catches
was of Carangidae , which made up 24.6% of the catches with 271.2 tons landed, and
Lutjanidae, at 5.3% of landings and 58.1 tons. No data were collected during other
months, and no information was gathered on whether the catch was directed, the fate of

the catch, the gears used, or fisher’s perceptions of stock fluctuations.
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The Sea Around Us project has reconstructed undocumented catches in many
countries, including Colombia, by observing landings, bycatch ratios, what enters the
commercial market, population estimates and, in certain regions, by having on-site
scientists recording the catches they observe being brought in by fishers. In Colombia,
Sea Around Us estimated that in 2014 small-scale fisheries contributed 98% of the
reconstructed officially-reported landings. They estimated unreported catches by
assuming 49.6% of total catches (all catches that were not tuna) were consumed by
fishers and their families (subsistence), while the rest of the catch entered the economic

sector (Lindop et al., 2015).

The year 2014 was the only year with landings data reported by the government to
FAO, and estimates developed by Sea Around Us and SEPEC. Reported in 2014 to the
FAO were 5,263 metric tons for all marine taxa landings along the Colombian Caribbean
coast for both industrial and artisanal fisheries, out of which elasmobranchs had no
captures reported. In comparison, Sea Around Us calculated that landings for both
industrial and artisanal fisheries totaled 22,890 metric tons for all marine taxa in the
Colombian Caribbean, out of which elasmobranchs were not reported nor mentioned. For
that same year, SEPEC estimated 21, 427 metric tons of landings in a six-month period
for all marine taxa in the Caribbean coast for both industrial and artisanal fisheries, which
included 36.71 metric tons of elasmobranchs landed by artisanal fishers. | estimated total
elasmobranch biomass landed per year was between 9.7 — 254.2 metric tons, from
Caribbean artisanal fisheries only. Given that | am using the average weight of the most
common shark and ray species for the upper end of my estimates, and using the number

of registered boats instead of the number of fishers as a metric of fishing units, it is likely
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my upper estimate is overestimating the total elasmobranch catch since all the
assumptions used were on the higher end of the spectrum. Similarly, the lower end and
best estimate catch reconstructions likely are underestimates since number of registered

boats and fishers are probably higher.

On the basis of the intensity of fishing reported by fishers, population trends
reported by fishers, elasmobranch catch estimates and BRUV data, it appears that
elasmobranch and teleost populations have low relative abundances both inside and
outside protected areas. Further involvement of stakeholders, as called by the National
Plan of Action for Sharks (Caldas et al., 2010), as well as stricter enforcement of policies
in place (given that some fishers disregard them) is needed. However, enforcement can
be difficult in developing nations with limited resources (Linnell et al., 2001; Keane et
al., 2008;) and therefore community-based conservation methods (Hrbek et al., 2007;
Keane et al., 2008; Stacey et al., 2012) may be more effective. My study highlights the
challenges that remain in estimating the full extent and nature of artisanal catch and the
role it plays in Colombian fisher’s livelihood and socio-economics, 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 fisheries
stakeholders experience when their perspective is not considered in policy making.

Without including local stakeholders in fisheries management and research, conservation
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measures are unlikely to be effective without community-based regulations if fishers do
not cooperate and willingly abide rules. The tension between fishers and enforcement in
my study area is highlighted an incident in July 2018 when a group of fishers in Corales
del Rosario and San Bernardo attacked the Park Headquarters in Mucura as retaliation for

two fishers being arrested for cutting down protected mangroves.

Despite the history of violence and political unrest in Colombia, Colombia
currently ranks as the fifth wealthiest country in Latin America in Gross Domestic
Product (GPD) per capita (CIA factbook). Colombia was also the seventh country in
Latin America, after Chile, Costa Rica, Ecuador, Guatemala Mexico and Uruguay to
implement a National Plan of Action for the management of shark and ray resources
(NPOA-CO). Colombia’s NPOA, alongside Brazil’s, is unique in Latina America in
providing proposed management strategies. Given that in Colombia elasmobranch
catches in artisanal fisheries are likely still being underestimated there remains a need for
improved record keeping and stakeholder inclusion in developing countries to ensure

successful conservation and management strategies.

27



Figures

Figure 1. The study occurred along the Caribbean coast of continental Colombia (a,b,c).
The outer reef is outlined in white, while dots represent individual BRUV drops, and the
numbered black stars denote the number of interview surveys collects at a site. Sampling
occurred at Isla Grande (a) in Corales del Rosario, Tesoro (b) in Corales del Rosario,
Tintipan Reef (c) in San Bernardo and Mangle Reef (d) in San Bernardo.

28



Gears used in Colombia

0.25 F

0.2

0.15 F

01

Proportion of Fishers

0.05 r

IIIII_L

Handline SpearfishingBeach Seine Longline Traps Cast Net Gillnet Dynamite

Figure 2. Top eight fishing practices reported by fishers.
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Figure 3. Top eleven taxa reported as targeted by fishers.
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Figure 4. Boxplots of MaxN for fish families observed on BRUVs in Tesoro Island.

Boxes show the lower (Q1) and upper (Q3) quartiles, as well as the median observation.

Open circles are outliers.
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Figure 5. Boxplots of MaxN for fish families observed on BRUVs in Grande Island.

Boxes show the lower (Q1) and upper (Q3) quartiles, as well as the median observation.

Open circles are outliers.
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Figure 6. Boxplots of MaxN for fish families observed on BRUVs in Tesoro Island.
Boxes show the lower (Q1) and upper (Q3) quartiles, as well as the median observation.
Open circles are outliers.
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Isla Mangle MaxN

30
25
o}
*
20
<
m 15 o
= o
10
o}
o}
-
— I =] o
5 | ] i
o T —
:OO,__I__‘:
0 -
11 1T 17 17T 17T 1T 17 17 "7 ""T "T" 1]
w9 W o 9 @ L @ » @ w o @ @ L @
m @ @®»® W o @©o W @™ @ W @ m W @
c v v v O v O ©w T T T T T T
5 8 9 2 5 ®8 3 £ S £ 5 £ ¢ ¢
T = @ c = E Z c g £
H{Ummom = O 3 - W
= = m ©° I = o o 5 =
m o O > o =
w O DmJEmUmE“—'
g T e o £ ©
[=] w
o

Figure 7. Boxplots of MaxN for fish families observed on BRUVs in Mangle Island.
Boxes show the lower (Q1) and upper (Q3) quartiles, as well as the median observation.
Open circles are outliers.

34



Table 1. Shark taxa fishers reported catching, and the proportion of BRUVs where they
were observed in protected (n=100) and unprotected reefs (n=100).

Taxa Proportion of 189 Proportion  Proportion of
fishers reporting (n) of BRUVsin BRUVSin
Protected Unprotected
Areas Areas

1) Hammerhead 0.52 (98) 0 0
Shark,

Sphyrna spp.
2) Bull Shark, 0.44 (84) 0 0

Carcharhinus
leucas

3) Tiger Shark, 0.38 (72) 0 0
Galeocerdo cuvier
4) Nurse Shark, 0.26 (50) 0.11 0.03

Ginglymostoma
cirratum

5) Caribbean Reef 0.11 (21) 0.01 0.01
Shark,

Carcharhinus
perezi

6) Lemon Shark, 0.09 (18) 0.02 0

Negaprion
brevirostris

7) Blacktip Shark, 0.05 (10) 0 0

Carcharhinus
limbatus

8) Sharpnose Shark, 0.04 (8) 0.01 0

Rhizoprionodon
Spp
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Table 2. Ray taxa fishers reported catching, and the proportion of BRUVS where they
were observed in protected (n=100) and unprotected (n=100) areas.

Taxa Proportion of 189  Proportion of Proportion of
fishers reporting BRUVs in Protected BRUVS in
(n) Areas Unprotected
Areas

1) Southern 0.84 (158) 0.08 0.11
Stingray

Hypanus
americanus

2) Spotted Eagle 0.83 (156) 0 0.01
Ray

Aetobatus
narinari

3) Southern Eagle 0.03 (6) 0 0
Ray

Myliobatis
goodei

4) Mobula 0.02 (3) 0 0
Mobula spp.

5) Spotted Yellow 0.0 (0) 0.04 0.06
Ray

Urobatis
jamaicensis
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Table 3. Reconstruction of elasmobranch landings by artisanal sector, compared to other
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estimates.
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Table 4. Post-hoc comparisons among islands using the Tukey’s test (alpha = 0.05) for sum
of teleost MaxN, Lutjanidae MaxN, Haemulidae MaxN and Serranidae MaxN.

Dependent (Dlslands | (J) Island | Mean Sig. 95% Confidence
variable Difference (I- interval

J) Lower Bound

Upper Bound

Sum of teleost Mangle Grande -0.66 0.30 -1.62 0.31
MaxN
Sum of teleost Tesoro Grande 0.97 0.01 0.18 1.78
MaxN
Sum of teleost Tintipan  Grande 0.03 0.99 -0.88 0.95
MaxN
Sum of teleost Tesoro Mangle 1.63 <0.0001 0.71 2.56
MaxN
Sum of teleost Tintipan  Mangle 0.69 0.32 -0.34 1.72
MaxN
Sum of teleost Tintipan  Tesoro -0.94 0.03 -1.83 -0.07
MaxN
Lutjanidae MaxN Mangle Grande -0.67 0.86 -2.89 1.54
Lutjanidae MaxN Tesoro Grande 3.71 <0.0001 1.98 5.44
Lutjanidae MaxN Tintipan ~ Grande -1.19 0.51 -3.42 1.03
Lutjanidae MaxN Tesoro Mangle  4.38 <0.0001 2.22 6.55
Lutjanidae MaxN Tintipan  Mangle -0.52 0.95 -3.10 2.06
Lutjanidae MaxN Tintipan  Tesoro -4.90 <0.0001 -7.08 -2.72
Haemulidae Mangle Grande -1.06 0.67 -3.47 1.45
MaxN
Haemulidae Tesoro Grande 0.96 0.49 -0.78 2.70
MaxN
Haemulidae Tintipan  Grande 1.09 0.65 -1.32 3.51
MaxN
Haemulidae Tesoro Mangle 2.02 0.03 0.14 3.91
MaxN
Haemulidae Tintipan  Mangle 2.15 0.12 -0.37 4.67
MaxN
Haemulidae Tintipan  Tesoro 0.13 0.99 -1.76 2.02
MaxN
Serranidae MaxN Mangle Grande -0.66 0.03 -1.27 -0.05
Serranidae MaxN Tesoro Grande -0.52 0.02 -0.96 -0.07
Serranidae MaxN Tintipan  Grande -0.11 0.95 -0.62 0.41
Serranidae MaxN  Tesoro Mangle 0.14 0.93 -0.46 0.74
Serranidae MaxN Tintipan  Mangle 0.55 0.13 -0.10 1.20
Serranidae MaxN Tintipan  Tesoro 0.41 0.15 -0.09 0.91
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Table 6. Hurdle results for elasmobranch occurrence (binomial) and MaxN (poisson)
across islands.

Count model coefficients (truncated poisson with log link):
Estimate Std. Error zvalue Pr(>|z|)
(Intercept) -11.574 08.318 -0.118 0.906
Martinique -2.423 499.557 -0.005 0.996
Tobago 10.468 98.319 0.106  0.915
Zero hurdle model coefficients (binomial with logit link):
Estimate Std. Error zvalue  Pr(>|z|)
(Intercept) -3.0786 0.2181  -14.119 <2e-16 ***
Martinique -0.8133 0.3868  -2.103  0.0355*
Tobago 0.5584 0.2452 2278  0.0227 *

Signif. codes: 0 '™***' 0.01 "™
Number of iterations in BFGS optimization: 39
Log-likelihood: -488.6 on 6 Df

Table 7. Hurdle results for elasmobranch occurrence (binomial) and MaxN (poisson)
across Guadeloupe reefs.

Count model coefficients (truncated poisson with log link):

Estimate Std. Error  z value Pr(>|z|)
(Intercept) -16.050 2161.113 -0.007  0.994
Reef GPT -3.771 7052.898  -0.001 1.000

Zero hurdle model coefficients (binomial with logit link):

Estimate Std. Error  z value Pr(>z|)
(Intercept) -4.1312 0.504 -8.197 2.47e-16 ***
Reef GPT 1.5878 0.5603 2.83 0.0046 **

Signif. codes: 0 "***' 0.001 "**
Number of iterations in BFGS optimization: 27
Log-likelihood: -85.03 on 4 Df
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Appendix I.

Annexe 1: questionnaire utilisé pour I'évaluation rapide des prises accessoires
POUR INTERVIEWEUR SEULEMENT

Interview #:
Date: Nom d’Interviewer:
L’heure:
Information sur le lieu:
Etat: Communauté:
Village Landing site (dans la communauté):
Lieu de I'entrevue: Landing site a la maison du pécheur autres:

Si au site d'atterrissage, le nombre de bateaux a ce moment?
Interview circonstance:

pécheur sort en mer pécheur retour de voyage de péche autres:
Sexe de la personne interrogée: Homme  Femme

Est un traducteur ou d'une personne intermédiaire étant utilisés pour aider a mener cette
interview? Oui Non

POUR PECHEUR

Déclaration d’ouverture:

Mon nom est . Je travaille sur un projet mené par

. Cette organisation méne des recherches et de la gestion sur
la péche et I'océan. Le but de ce projet est simplement de savoir plus sur la péche cotiere
et de leurs relations avec les requins et les raies, car il est de plus en plus l'intérét sur ces
especes. Votre participation est volontaire et confidentiel. Nous n’allons pas enregistrer
votre nom ou toute information personnelle, ou partager vos réponses individuelles avec
quiconque en dehors de 1'équipe de recherche. Vos réponses honnétes n’auront pas de
conséquences pour vous; c’est strictement pour la recherche universitaire. Notre
recherche pourrait, cependant, étre utilisée pour aider a améliorer I'environnement marin
et la durabilité de la péche a long terme. Par exemple, elle pourrait conduire a
I'élaboration de programmes éducatifs ou de conservation dans certains domaines. \Vous
n’avez pas a répondre a toutes les questions que vous ne voulez pas, et vous pouvez
choisir de mettre fin a cette interview a tout moment. L'interview compléte prendra
environ 15 a 30 minutes. Nous sommes conscients que vous étes trés occupé et nous
apprécions grandement votre volonté de prendre le temps avec nous.

Information de fond:

Avez-vous déja participé a la recherche / enquéte liée a (cercle):
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requins? la péche? mammiferes marins?  tortues de mer?  aucun d'entre eux

Si oui, décrivez:

Quel age avez-vous?

Pour combien d'années a éte la péche votre profession?
Est la péche votre profession principale? Oui Non

Est la péche votre seule occupation? Oui  Non

(Si non): Quels sont vos autres occupations?

Au cours des 12 derniers mois, quels mois avez-vous péché?

Possédez-vous votre propre bateau de péche? Oui  Non

Menez-vous les voyages de péche ou vous étes un membre d'équipage sur les voyages
que quelqu'un d'autre leads?

Il'y a combien de membres dans votre ménage?

Est-ce qu’il y a personnes dans votre ménage qui fait de la péche avec vous ? Oui  Non
Si oui, combien de membres et quelles sont leur rapport a vous?

Est-ce la génération précédente fait de la péche pour leur profession?

Description du bateau

Quel type de bateau avez-vous ou travaillez-vous sur?

Quel longueur a cet bateau?

Est le bateau motorisé? Oui Non

Qu’est que c’est la puissance du moteur?

Questions sur la péche et les captures:

Répondez a ces questions pour décrire votre expérience personnelle, pas celle de votre
communaute.

Quelles sont les trois principaux types des matériels de péche que vous utilisez le plus
souvent au cours d'une année? (utilisation illustrations)

Matériel 1:

Matériel 2:
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Matériel 3:

Pour les trois types des matériels énumérés au-dessus, remplissez les détails dans:

filets maillants de fond Longueur Maillage

filets dérivants (drift) Longueur Maillage

long line (nombreux crochets): taille d” hamegon Nombre d’hamecons
Hamecon (1 ou peu), cercle: chalut (avec bateau) fixé autres

Seine tournante ou senne surround. Maillage longueur

Senne Beach (la bilonche ?) Maillage longueur -

Nasses ou casiers

Autre (précisez):

Combien des pécheurs, y compris vous-méme, sont sur le bateau?
Pendant quels mois de I'année utilisez-vous chaque matériel?

Matériel 1:

Matériel 2:

Matériel 3:

Pendant les mois énumerés ci-dessus, combien de jours par semaine péchent vous avec
chaque matériel ? Ecrit dessous

1 23 45 6-7
Matériel 1:

Matériel 2:

Matériel 3:

Sur une journée moyenne, combien d'heures travaillez-vous sur le bateau de péche?
Au plus fort de la saison de péche, combien d'heures restez-vous sur le bateau de péche?
Qu'est-ce que vous essayez d'attraper avec chaque matériel ?

Matériel 1:

Matériel 2:
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Matériel 3:

e Raies

Avez-vous déja pris raies avec ces matériels ? Ecrire: - Oui ~ Non  ne me souviens
pas

Matériel 1:

Matériel 2:

Matériel 3:

Si vous écrivez oui dans un ou plus au-dessus, remplissez détails ci-dessous.

Matériel 1: Quelles especes avez-vous pris avec cet matériel (utilisation illustrations), et
comment étes-vous certain de cela?
Liste des especes dans I'ordre du plus souvent pour moins couramment pris.

Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Pendant quels mois de I'année avez-vous pris raies avec cet matériel ?:

Espéeces 1:

Espéces 2:

Espéces 3:

Combien de raies totale avez-vous attraper dans la derniere année, avec cet matériel?
Encerclerun: 0 1-10 11-20 21-50 > 50 ne sais pas

Dans quelle profondeur d'eau ou comment loin de la c6te étiez-vous quand vous les
prendre?

Matériel 2: Quelles especes avez-vous pris avec cet matériel (utilisation illustrations), et
comment étes-vous certain de cela?
Liste des especes dans I'ordre du plus souvent pour moins couramment pris.

Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Pendant quels mois de I'année avez-vous pris raies avec cet matériel ?:

Espéces 1:

Espéces 2:

Especes 3:
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Combien de raies totale avez-vous attraper dans la derniere année, avec cet matériel?
Encerclerun: 0 1-10 11-20 21-50 > 50 ne sais pas

Dans quelle profondeur d'eau ou comment loin de la cbte étiez-vous quand vous les
prendre?

Matériel 3: Quelles especes avez-vous pris avec cet matériel (utilisation illustrations), et
comment étes-vous certain de cela?
Liste des especes dans I'ordre du plus souvent pour moins couramment pris.

Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Pendant quels mois de I'année avez-vous pris raies avec cet matériel ?:

Especes 1:

Especes 2:

Espéces 3:

Combien de raies totale avez-vous attraper dans la derniére année, avec cet matériel?
Encerclerun: 0 1-10 11-20 21-50 > 50 ne sais pas

Dans quelle profondeur d'eau ou comment loin de la cote étiez-vous quand vous les
prendre?

e Requins

Avez-vous déja pris requins avec ces matériels ? Ecrire;  Oui ~ Non  ne me souviens
pas

Matériel 1:

Matériel 2:

Matériel 3:

Si vous écrivez oui dans un ou plus au-dessus, remplissez details ci-dessous.

Matériel 1: Quelles especes avez-vous pris avec cet matériel (utilisation illustrations), et
comment étes-vous certain de cela?

Liste des especes dans I'ordre du plus souvent pour moins couramment pris.

Tres sOr assez sdr ne sais pas
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Tres sOr assez sdr ne sais pas

Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Pendant quels mois de I'année avez-vous pris raies avec cet matériel ?:
Espéeces 1:
Especes 2:
Espéces 3:

Combien de requins totale avez-vous attraper dans la derniere année, avec cet matériel?
Encerclerun: 0 1-10 11-20 21-50 > 50 ne sais pas

Dans quelle profondeur d'eau ou comment loin de la cote étiez-vous quand vous les
prendre?

Matériel 2: Quelles especes avez-vous pris avec cet matériel (utilisation illustrations), et
comment étes-vous certain de cela?
Liste des especes dans I'ordre du plus souvent pour moins couramment pris.

Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Tres sOr assez sdr ne sais pas
Pendant quels mois de I'année avez-vous pris raies avec cet matériel ?:

Especes 1:

Especes 2:

Espéces 3:

Combien de requins totale avez-vous attraper dans la derniere année, avec cet matériel?
Encerclerun: 0 1-10 11-20 21-50 > 50 ne sais pas

Dans quelle profondeur d'eau ou comment loin de la c6te étiez-vous quand vous les
prendre?

Matériel 3: Quelles especes avez-vous pris avec cet matériel (utilisation illustrations), et
comment étes-vous certain de cela?
Liste des especes dans I'ordre du plus souvent pour moins couramment pris.

Tres shr assez sdr ne sais pas
Tres sar assez sdr ne sais pas
Tres sar assez sdr ne sais pas
Tres sar assez sdr ne sais pas
Tres sar assez sdr ne sais pas
Pendant quels mois de I'année avez-vous pris raies avec cet matériel ?:
Espéces 1:
Espéces 2:
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Especes 3:
Combien de requins totale avez-vous attraper dans la derniére année, avec cet materiel?
Encerclerun: 0 1-10 11-20 21-50 > 50 ne sais pas
Dans quelle profondeur d'eau ou comment loin de la cbte étiez-vous quand vous les
prendre?

Autres Matériels

Quels autres matériels de péche utilisez-vous au cours d'une année? (utilisation
illustrations)

Cercle toutes les cases appropriées:

filets maillants de fond Longueur Maillage

filets dérivants (drift) Longueur Maillage

long line (nombreux crochets): taille d” hamegon Nombre d’hamecons
Hamecon (1 ou peu), cercle: chalut (avec bateau) fixé autres

Seine tournante ou senne surround. Maillage longueur

Senne Beach (la bilonche ?) Maillage longueur -

Nasses ou casiers

Autre (précisez):

Avez-vous déja pris requins / rayons dans aucun de ces autres matériels? Oui  Non
Ne me souvient pas

Si oui:

Avec quels autres matériels ont vous les capturés (liste tout ce qui se applique):

Liste des especes dans I'ordre du plus souvent pour moins couramment pris.

Tresslr  assez sOr ne sais pas
Tréssr  assez sOr ne sais pas
Tréesslr  assez sr ne sais pas
Tréesslr  assez sOr ne sais pas
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Tresslr  assez sOr ne sais pas

Combien de requins / raies avez-vous attraper dans la derniere année, dans ces matériels?
encerclerun:0 1-2 3-5 6-10 > 10 ne sais pas

En moyenne, combien de requins / raies avez-vous attraper par mois dans la derniére
année, dans ces matériels ?

encerclerun:01-2 3-5 6-10 > 10 ne sais pas

Quand vous avez attrape un raie, était-il:

Prises pour cible  par les prises accessoires (capturés accidentellement)
by-product (capturées accidentellement mais a garde)

Qu'avez-vous fait avec les raies vous pris au cours des derniers mois?
Relacher vivants

Jeter morte

Vendre seulement ailettes

Vendre tout le corps

Mangent

d'autres:

Pourquoi?

Lorsque vous avez attrapé un requin, était-il:

Prises pour cible  par les prises accessoires (capturés accidentellement)
by-product (capturées accidentellement mais a gardé)

Qu'avez-vous fait avec les raies vous pris au cours des derniers mois?
Relacher vivants

Jeter morte

Vendre seulement ailettes

Vendre tout le corps

Mangent
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area. The relative abundance of elasmobranchs was significantly different across
all three regions of the study. These data revealed that there was a lower proportion
of BRUVS with Sphyrna tiburo and Urobatis jamaicensiss in the northern portion
of the study area, that surface and underwater users agree on the need for protected
areas and user groups do not have a conflicting opinions with regards to

elasmobranch conservation policies.

Introduction

There is a growing need to understand the economic, social and cultural activity
associated with the use of ocean resources (Colgan 2013). Currently, one of the main
problems with understanding and managing ocean resources is the conflict between the
need to preserve these resources while continuing to reap economic benefit from them
(Colgan 2013). A variety of communities use ocean resources for recreational purposes,
but still derive economic benefits in varying degrees; most notably the recreational
fishing and diving industries. Recreational fisheries are fisheries that are driven by the
fisher’s need for sport, awards or public recognition, and not necessarily for commercial
or sustenance purposes (Schramm et al., 1991). However recreational fisheries such as
charter fishing, are an industry that provides the community with employment and
revenue. Similarly, diving is often considered a recreational hobby associated with
tourism, yet dive owners and employees are part of an industry that rely on ocean
resources for their livelihood. While workers in these industries spend considerable time
on or in the ocean and potentially possess important information on the status and recent

changes in the ocean, there are gaps in understanding how these different communities
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wish to manage resources, perceive changes in resources, and how their opinions

compare to one another and to field data.

Recreational fisheries account for 10% of the total global catch, and an estimated
47 million fish are landed every year (Cooke and Cowx 2004). It is likely that the
economic revenue generated by recreational fishing on a global scale is similar to the
value generated by commercial fisheries (Cooley et al., 2008). In the United States,
recreational fishing generates $50 billion in revenue, and has a total $125 billion impact
on the economy, including employment for more than 800,000 people (2016 NSFHWR).
Although commonly considered a leisure activity, recreational fishing has numerous
socioeconomic benefits (Arlinghaus and Cooke, 2009; Tufts et al. 2015) that can also
negatively impact fish populations and aquatic environments (Lewin et al. 2006; Cooke
et al. 2014). In fact, some recreational catches can surpass commercial catches in certain
regions (McPhee et al. 2002; Schroeder and Love 2002), and even the complete collapse
of some fisheries have been attributed to recreational fishing (Post et al. 2002). It is
estimated that in 2015 in the United States, the annual shark landings in recreational
fishing (3,377 Metric Tons) were more than twice the landings by the commercial sector

when excluding dogfish (1,673 Metric Tons; NOAA Fisheries of the United States 2015).

Because of their low fecundity and late age at maturity, sharks are particularly
vulnerable to overfishing (Musick et al., 2000; Baum et al., 2003) and populations of
some species appear to have declined markedly (Ferreti et al., 2010). Given their

potentially important role in ecosystem dynamics (e.g Heithaus et al., 2010) these may
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have serious cascading consequences. The effects of decreasing shark populations on

coral reefs, however, remain largely unclear (Roff et al., 2016).

Many efforts have been made in the United States to protect sharks from fisheries
pressures (Momigliano and Harcourt, 2014). Unlike many developing nations that do not
have the resources to develop and enforce catch limits or other policies, the U.S has
implemented many requirements including needing a fishing permit to catch and sell
sharks (whether its directed or incidental catch; NMFS, 2006), setting maximum quotas
and minimum size limits for certain species, restricting damaging gears, banning shark

finning and creating protected areas (Shiffman and Hammerschlag, 2016).

Recreational fishing is not the only watersport that depends on ocean resources
and has a major economic value for tourism. Recently, dive-based tourism has become
increasingly used as an alternative to extracting resources, especially large bodied animal
taxa like sharks (Walters and Samways 2001; Heyman et al., 2010). Recreational scuba
diving and snorkeling contributed about $11 billion to the US gross domestic product

between 2017-2018 (DEMA 2019).

Florida is a recreational fishing and diving destination. Florida reported over $8
billion in sales for saltwater fishing in 2011 (NMFS 2017 report). Recreational shark
fishing makes up an important component of recreational saltwater fishing. Indeed,
Florida has one of the largest recreational shark fisheries in the world (Schmied and
Burgess 1987; Fisher and Ditton 1993; Figueira and Coleman 2010). In addition, Florida
is one of the top destinations for scuba divers and snorkelers in the United States. Scuba

diving and snorkeling supported around 26,000 full-time equivalent tourism-related jobs,
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contributing around USD $904.4 million to the Florida economy between 2017 and 2018
(DEMA 2019). In the Florida Keys more than 33,000 jobs are supported by ocean
sources and recreation, accounting for 58% of the local economy and totaling over USD
$2.3 billion annually. Between 2007-2008, it was estimated that recreational surface
users spent USD $274 million just in the Florida Keys (FKNMS Socioeconomics

Factsheet).

Extensive fishing can change ecosystem structure (Pauly et al., 1998; Pauly and
Palomares, 2005; Branch 2015; Gilarranz et al., 2016) even in well-managed regions of a
developed country. Although the Florida Keys are known as a fishing destination, the
average size of trophy fish in Key West declined by 90% (McClenachan 2009) between
1956 to 2007, and 75% of coral reef fish in the Florida Keys are overfished (Chiappone et

al., 2000; Ault et al., 2005; McClenachan 2009).

One study in the Florida Keys evaluated reef fish and benthic assemblage
structure in protected and unprotected reefs and found that although biomass and mean
body lengths for predatory and herbivorous fish species were larger within the protected
area, there was no difference in benthic cover (Kramer and Heck, 2007). A similar study
looked at fish community structure and invertebrate predation potential in no-take zones
and fished sites in the Florida Keys, and found that although there were more piscivores
in no-take sites, most of them (~95%) were species that are moderately unexploited

(\Valentine et al., 2008).

While indications of overfishing remain in the Florida Keys, there have bee

management successes leading to stock recovery, including for the Goliath grouper
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(Epinephelus itajara). In 1990 the Atlantic goliath grouper spawning stock biomass
dropped to about 5% of historical levels and a moratorium was created (Porch et al.,
2006). By 2006, adult goliath grouper abundance had increased to about 30% of
historical levels (Shiedeler et al., 2014) and was removed from the NMFS species of
concern list (NMFS 2006). Currently there are multiple large-bodied teleost taxa that are
completely protected in the state of Florida including the Goliath grouper and Nassau
grouper, as well as 27 different species of sharks (including Carcharhinus falciformis,
Galeocerdo cuvier, and Sphyrna mokarran ) and ray species (Pristidae spp., Mobula
spp., and Aetobatus narinaris) (Florida Rule Chapter 68B- 44). It is unlawful to land,

harvest, possess, purchase, sell or exchange these taxa.

The number of recreational dives on coral reefs in Florida are some of the highest
globally (Krieger and Chadwick, 2013) and in 1998 the Florida Park system increased the
number of mooring buoys. This resulted in an increase in the number of boats on reefs
(Causey 2002). A study in 2019 estimated that snorkeling in Florida accounts for about
4.24 million visitor-days per year while scuba diving in Florida accounts for about 4.56
million visitor-days per year (DEMA 2019).Given the number of tourists and visitor-days
and their economic importance, local fishing charters and diving business employees are
a potential scientific resource and it is important to understand their views and attitudes

towards current management efforts.

| used a socio-ecological approach to quantify the impressions of underwater
users and recreational fishing industry workers to provide insights into elasmobranch

catches/sightings, stakeholder perceptions and opinions on conservation policies, and to
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compare these impressions to data collected via traditional sampling methods.
Specifically, 1 aimed to 1) characterize perceptions of elasmobranchs held by recreational
surface and underwater users in the Upper Florida Keys 2) investigate whether these two
stakeholder groups have conflicting perceptions with respect to elasmobranch and ocean
management and 3) compare data perceptions of surface users and underwater users to

data collected using baited remote underwater video systems (BRUVS).
Methods

Study Site

This study occurred in the Upper Florida Keys. The Florida Keys is an
archipelago in southern Florida that extends 250km southwest from mainland Florida to
Key West. The Upper Keys start in Biscayne Bay where some keys are uninhabited and
inaccessible by car. Moving southwest away from mainland Florida, the inhabited Upper

Keys extends from Key Largo to Lower Matecumbe Key.

The Upper Keys reef track was divided into three main sample blocks, the
northern (NSB), central (CSB) and southern blocks (SSB). Each block had at least 4 km?
of coral reef area. BRUVs (n=200) were deployed between 25 May- 8 August, 2016, at
locations along the forereefs at a depth of 8-40m that were determined using a random
number generator. The Northern Sampling Block covered the reef tract area between
Rattlesnake Key and Key Largo, which contains three Sanctuary Preservation Area
(SPA) zones, including The Elbow, Key Largo Dry Rocks and Grecian Rocks for a total
of ~1.6 km? protected areas. Diving is allowed at these SPA zones, but all fishing is

prohibited. The Central Sampling Block covered the reef tract area between Key Largo
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and Tavernier Key, which contains three SPA zones, including French Reef, Conch Reef
(which has a research only area and as well as a regular SPA) and the Spiegel Grove for a
total of ~2.5 km? protected areas. Fishing is prohibited in all these areas, and recreational
diving is prohibited in part of Conch Reef. The Southern Sampling Block covered the
reef tract area between Kalteux Key and Upper Matecumbe Key, which contains one
SPA zones, Davis Reef, for a total of ~0.3 km? protected areas. Fishing is prohibited in

all these SPAs, and recreational diving is prohibited only in part of the Conch Reef SPA.

The Upper Keys are mostly constituted of fossil coral reefs, while the lower keys
are formed of cemented sandbars, and curve west as a results of Gulf Stream currents
(Peck and Howden, 1985). The first national marine sanctuary in the Florida Keys was
established in 1975 in Key Largo. In 1990, the Florida Keys National Marine Sanctuary
was established, which extended the existing sanctuaries to protect 2,800 square nautical
miles and North America’s most extensive coral reef system (Seeteram, et al., 2019). The
Florida Keys National Marine Sanctuary (FKNMS) established spatial management and
policies (such as Sanctuary Preservation Areas, Ecological Reserves and fishing and
diving regulations) to ensure that activities such as fishing, diving and snorkeling occur
have relatively little impact on marine resources while providing economic benefits to the

community.

The Florida Keys National Marine Sanctuary is administered by NOAA, but since
60% of the protected area falls in state waters, the sanctuary is also managed by the state
of Florida in conjunction with the Florida Fish and Wildlife Commission (FWC). The

FKNMS has different zones with varying degrees of restrictions to protect coral reefs and
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“to avoid conflict by user groups such as underwater users and anglers.” In the Upper
Keys, there are two Sanctuary Preservation Areas (SPA) where surface users are allowed,
seven SPAs that allow underwater users but not surface users, and two areas that are
designated research-only. The FKNMS does not have any additionally elasmobranch-
specific regulations beyond those of the state of Florida. As of 1998, anglers are allowed
to catch and retain a maximum of two sharks of a certain length per vessel from the list of

approved sharks species (Rule: 68B-44.003).
Interview Surveys

A total of 67 interview surveys were conducted in the Upper Florida Keys, across
Key Largo, Tavernier, Islamorada, and Marathon (Figure 1). Questionnaire surveys were
conducted in person during June 2016. Since some elasmobranch species are rare and can
be difficult to identify, the FAO Identification Guide to Common Sharks and Rays of the
Caribbean was used (FAO & Bonfil, 2016). Certain taxa, such as Rhizoprionodon spp.,
Sphyrna spp. (except for Sphyrna tiburo) and Mobula spp., are problematic to identify at
the species level without specimens to examine, so | recorded these taxa at the genus

level.

My questionnaire (Appendix 1) focused on elasmobranch catches and sightings
for surface users, and sightings for divers and snorkelers. Background questions were
asked about the interviewee’s characteristics: age, gender, occupation and fishing or
diving background, monthly days at sea and hours per day, and targeted species. For both

ocean-user groups, questions were asked about sharks and rays, including
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catch/observation frequency and seasonality, perception of changes in shark and ray

abundance, and their opinions on management policies.

Baited Remote Underwater Video Surveys (BRUVS)

Baited cameras have been used to study predatory fish in a variety of habitats
(Brooks et al., 2011; Bond et al. 2012, Wraith et al. 2013, Harvey et al., 2018), including
coral reefs. | used BRUVs that consisted of a video camera (GoPro-Hero) mounted on a
metal frame that has a small, pre-weighed bait source (1 kg of crushed Atlantic menhaden
Brevoortia tyrannus) attached to the end of a Im pole in the camera’s field of view. A

rope that terminated in a buoy was attached to the frame.

BRUVs were deployed from the boat during daylight hours using a rope and in-
water personnel to orient the BRUV facing down current. The BRUV filmed
continuously for ~ 90 minutes after settling to the bottom. Each day, six units were
deployed simultaneously, retrieved, rebaited, moved to new locations and deployed for a
second time. On days with good weather conditions, BRUVs were deployed for a third
time in the same day. No BRUVs were deployed within 500m of one another (Figure 1).
At the start and end of each deployment environmental variables were measured
including bottom depth with a handheld depth Vexilar Handheld Digitial Sonar, and

water temperature, salinity, and dissolved oxygen with a YSI Pro 2030.

| used 50 videos at each sample block for analyses, using those that had at least 90

minutes of continuous filming, the water column was at least 50% of the screen image,
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and had at least three meters of visibility. All videos were watched for 90 minutes from
the start time, at normal speed (1x) and annotated independently by at least two observers
using the Global FinPrint Annotator software (www.globalfinprint.org). Data recorded by
observers included elasmobranch species identification, and the maximum number from
each species within a single frame (MaxN) (Bond et al., 2012). The software captures a

still image of all annotations, so I could verify species identifications and count data.

Data analysis

| used Logistic regressions to test the hypothesis that type of ocean-user, age,
years of experience and whether they stated if this occupation was their sole source of
income had an effect on which sampling blocks they frequented, and whether they
supported protecting certain elasmobranch species, setting a minimal catch length for
elasmobranchs, or setting up MPA'’s that are research-only. | used a generalized linear
model (GLM) to test the effects of sampling block on occurrence (i.e., presence/absence)

and MaxN for each species with a MaxN > 1.

Using relative abundance, species-specific GLMs were only possible for Sphyrna
tiburo, Ginglymostoma cirratum, and Urobatis jamaicensis since these were the only
species with a MaxN > 1. | also used GLMs to test for spatial differences in the number
of elasmobranch species observed per BRUV deployment. Finally, 1 used Chi Square
tests to test whether user groups differed in how they perceived changes in the
abundances of elasmobranchs and their potential importance in the environment as well

as their opinions on management measures. Statistical tests were conducted in R software
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version 1.1.463 with the MASS4 library (R Core Team, 2016). Results are reported as

mean = SD unless otherwise noted.

Results

Interview survey data

Surface users

Interviewed surface users were mostly males (78%), were on average 48.8 years *
23.0 years old (range: 18 - 80), and reported having an average fishing experience of
26.6 years +13.1 (range: 4 to 50 years). Surface users reported spending an average of 97
hrs £ 12 hrs a month fishing, and reported that each fishing trip lasted on average 5 hrs
2 hrs. The majority of interviewees (n=19 of 27; 70.4%) considered recreational fishing
their profession and not a hobby, and 51.8% (n=14 of 27) depended on fishing as their
only occupation. A total of 7.4% (n=2 of 27) reported fishing only in NSB, 18.5% (n=5
of 27) reported fishing only in CSB, and 18.5% (n=5 of 27) reported fishing only in SSB.
Almost half of surface users reported fishing in two study zones with 44.4% (n=12 of 27)
fishing in the NSB and CSB and one respondent fished in both NSB and SSB. No surface
users reported fishing in all locations or in both CSB and SSB. Finally, one person

reported fishing in an area outside the Upper Keys, and one did not answer this question.

Surface users identified ten elasmobranch taxa as part of their catches and
observations (n = 7 shark taxa; n = 3 ray taxa). Nurse sharks (Ginglymostoma cirratum),

Caribbean reef sharks (Carcharhinus perezii), and bull sharks (Carcharhinus leucas)
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were reported most frequently (Table 1). Southern stingrays (Hypanus americanus) and
spotted eagle rays (Aetobatus narinari), were the most commonly reported ray species

(Table 1).

When asked to rank the importance of sharks to the health of the oceans, all (n=27
of 27) surface users answered that they believe sharks are very important. When asked to
rank the importance of sharks to the economy, 40.7% (n= 11 of 27) of surface users
considered sharks very important to the economy, 29.6% (n=8 of 27) considered sharks
somewhat important, 14.8% (n= 4 of 27) considered sharks a little important, 11.1% (n=
3 of 27) considered sharks not important at all to the economy and one surface user
declined to answer. Only two surface users were willing to answer whether they target

sharks and what they do with hooked sharks.

The majority of surface users (59.3%; n= 16 of 27) also ranked rays as very
important to the health of the oceans, but only 18.5% (n=5 of 27) considered rays
somewhat important to the health of the oceans, no surface users reported rays being a
little important, 18.5% (n=5 of 27) reported rays not being important at all, and one
surface user declined to answer. Most surface users thought that rays were either very
important (25.9%; n=7 of 27) or important (25.9%; n= 7 of 27) to the economy, while
33.3% believed rays being a little important (n=9 of 27) and 11.1% (n= 3 of 27) thought
that rays were not important to the economy and one surface user declined to answer

(3.7%, n=1 of 27).

Most surface ocean-users, 44% (n=12 of 27) perceived a dramatic decline in coral

reef resources, while 29.6% (n=8 of 27) perceived them as a little worse and 11.1% (n=3
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of 27) reported that they stayed the same. Only one surface user (3.7%, n=1) believed
there was an improvement in coral reef resources. Two surface users (7.4%, n=2) were

unsure and one declined to answer.

More surface users (81.5%; n=22 of 27) believed that protecting shark species
from fishing is a good conservation policy than a bad policy (14.8%, n=4 of 27). Those
not supporting protections gave reasons such as “there are too many sharks” and “sharks
are overpopulated.” One surface user declined to answer. More surface users (81.4%; n=
22 of 27) believed setting minimum catch lengths for certain shark species was a good
policy than a bad policy (14.8%, n=4 of 27). Those not supporting catch limits gave
reasons such as “catch lengths don’t matter” and “there is no data to back up [the need for
minimum catch lengths]”. More surface users (88.8%; n= 24 of 27) believed Marine
Protected Areas where there is no fishing and diving allowed was a good policy than a
bad policy ( 11.1%; n=3 of 29) believed it was a bad policy and gave reasons such as

“enforcement of such policies won’t work™ and “MPAs have too much political power”.

Underwater users

Interviewed underwater users were mostly males (75.6%, n=28 of 37), on average
35.6 years + 15. 5 years old (range: 18 - 70), and had an average experience of 15.5 years
+10.1 (range: 4 to 51 years). Underwater users spent an average of 43.6 hrs = 9.8 a month
underwater, with each trip lasting on average 2.3 hrs £1.1 at sea. The majority of
interviewees (n=27 of 37; 72.9%) considered diving/snorkeling their profession and not a

hobby, and 62.2% (n=23 of 37) depended on diving/snorkeling as their only occupation.
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For underwater users, 8.1% (n=3 of 37) reported only visiting NSB, 5.4% (n=2 of
37) only visited in CSB, and 18.9% (n=7 of 37) only visited in SSB. Most underwater
users, 35.1% (n=13 of 37) responded to diving/snorkeling in both NSB and CSB,
compared to 21.6% (n=8 of 37) reported diving/snorkeling in both CSB and SSB, and
zero underwater users that reported diving/snorkeling in NSB and SSB. Two underwater
users (5.4%) reported diving/snorkeling in all three reef blocks, two underwater users
(5.4%) reported diving/snorkeling in an area outside of Reefs Upper Keys, and one

underwater user did not answer the question.

Underwater users reported observing seven elasmobranch taxa during their dives
including four shark taxa and three ray taxa. Nurse sharks (Ginglymostoma cirratum),
caribbean reef sharks (Carcharhinus perezii), and bonnetheads (Sphyrna tiburo) were
reported the most frequently (Table 1). Southern stingrays (Hypanus americanus),
Jamaican rays (Urobatis jamaicensis) and spotted eagle rays (Aetobatus narinari) were

the most commonly reported ray species (Table 1).

When asked to rank the importance of sharks to the health of the oceans, the
overwhelming majority 94.5% (n=35 of 37) of underwater users thought that sharks are
very important to the health of the oceans, with only one underwater user (2.7%)
responding that sharks are slightly important and one (2.7%) reporting sharks are not
important at all. When asked to rank the importance of sharks to the local economy, 70%
(n=26 of 37) of underwater users considered sharks very important to the economy, while

13.5% (n=5 of 37) thought sharks were somewhat important to the economy, 16.2% (n=
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6 of 37) reported sharks being a little important and no underwater users responded that

sharks are not important to the local economy.

The majority of underwater users 81% (n= 30 of 37) thought that rays are very
important to the health of the oceans compared to 5.4% (n= 2 of 37) that thought they
were somewhat important. No underwater users thought rays were a little important and
13.5% (n=5 of 37) thought rays are not important to ocean health. A total of 51.4%
(n=19 of 37) of underwater users thought that rays were very important to the economy,
29.7% (n= 11 of 37) indicated that they considered rays somewhat important, 10.8% only
thought that rays were a little important (n=4 of 37), and 8.1% (n= 3 of 37) considered

rays not important to the economy.

Of the underwater users interviewed, 21.6% (n=8 of 37) reported coral reef
resources as dramatically worse, 48.6% (n=18 of 37) perceived them to be a little worse,
one underwater users (n=1, 2.7%) reported them as staying the same, while 16.2% (n=6
of 37) believed there was a little improvement, one underwater users (n=1, 2.7%)
believed there was a dramatic improvement, and 8.1% (n=3 of 37) reporting being

unsure.

More underwater users (97.3%, n=36 of 37) believe that protecting shark species
from fishing is a good conservation policy, while 2.7% (n=1) believe protecting certain
shark species was a bad policy and gave the reason that “not sure protecting them would
do anything”. More underwater users (91.9%, n= 34 of 37) believed setting minimum
catch lengths for sharks was a good policy, than a bad policy (8.1%, n=3). More

underwater users (91.9%; n=34 of 37) believed Marine Protected Areas where there is no
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fishing and diving allowed of underwater users is a good policy than a bad policy (8.1%,
n=3). Those not supporting MPAs gave reasons such as “protected arecas get more

pressure” and “[there is] more support if you don’t restrict access”.

Comparison of surface vs. underwater ocean users

Surface and underwater users differed in their use of the three sampling blocks,
with underwater user visiting SSB significantly more than surface users (GLM, z=2.322,
P=0.02). Where ocean users spent their time was also influenced by years of experience
(Table 10). There was no variation between ocean user groups or user characteristics (e.g
age, years of experience) in whether they supported protecting certain elasmobranch
species, setting a minimal catch length for elasmobranchs, or setting up MPA’s that are

research-only, but there were not any significant results.

Chi Square test was used to test whether being a surface or underwater user was
correlated with how they ranked different perceptions about elasmobranchs, the
environment, and management measures. With respect to the importance of sharks and
rays to the health of the oceans and local economy, the only significant result was
underwater users ranking sharks as being important to the economy significantly higher
than surface users (¥2 ,(8, N = 63), 5.92, p =0.015). There was no significant difference
between surface and underwater users’ perceptions of the health of coral reefs and reef
fish, with the majority of all users (67%, n= 46 of 67) reporting that the health of reefs
have declined in the last thirty years or since they have been working in the Upper

Florida Keys.
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BRUYV data

Six species of sharks and three ray species were observed on the 150 BRUVs
deployments (Table 2). Sharks were present on 46% (n= 23 of 50) of drops in NSB and
64% (n= 32 of 50) of drops in both CSB and SSB. Rays occurred on 16% (n=8 of 50 )
of videos in NSB, 32% (n= 16 of 50) of videos in CSB, and 44% (n= 22 of 50) of videos
in SSB. The number of elasmobranch species of observed per BRUV video varied
among sampling blocks (GLM, z=-3.06, P=.002; Table 9) and increased from north to
south with 0.74 £ 0.89 SD species in the north, 0.94 + 0.89 species in the central block,
and 1.43 = 0.99 species in the south. All six species of sharks and three species of rays

were observed on BRUVs deployed in SSB.

Species-specific analyses for relative abundance were only possible for Sphyrna
tiburo, Ginglymostoma cirratum, and Urobatis jamaicensis, since these were the only
species that had MaxN >1 on BRUVs. There was no significant difference in occurrence
amongst these three species (GLM: z=-0.818, P=0.413), and there was no significant
difference in Ginglymostoma cirratum MaxN across reefs (GLM: z=-.085; P =0.4), but
there were significantly fewer Sphyrna tiburo (GLM: z=-5.1; p-value<.0001) and fewer

Urobatis jamaicensiss in NSB (GLM: z=-5.2; p-value<.0001) (Figure 2).

Discussion

Populations of sharks have been declining worldwide, primarily driven by the

intensive exploitation from fisheries (Worm et al., 2013; Oliver et al., 2015; Dulvy et al.,
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2017). Mitigating or slowing down the rate of shark population declines is important
because of the potential role sharks pay in ecosystem dynamics (Heithaus et al., 2008;
Estes et al., 2011; Ruppert et al., 2013). Even though the Florida Keys are a marine
sanctuary with a wide range of habitats suitable for sharks in all life history stages, shark
communities in the Keys are known to be dominated by nurse sharks, and have a
relatively low abundance of large sharks compared to what might be expected (Heithaus

et al., 2007; Ward-Paige et al., 2010).

Despite records from the 1930°s to1950’s from fishers that show a large variety
of shark species and size ranges being caught in the waters around the Florida Keys
(Heithaus et al., 2007; McClenachan 2009), the abundance and species composition of
sharks in the Florida Keys appears to be greatly reduced (Hueter et al., 2005; Heithaus et
al., 2007; Ward-Paige et al., 2010; Graham et al., 2016). Given that sharks are a popular
target of recreational fisheries and recreational diving in the Keys, understanding recent
populations trends from the perception of local stakeholders is an important source of
knowledge. Additionally, successful implementation of conservation management
strategies requires communicating with the local community and understanding their

perspectives.

Using an interdisciplinary approach of interview surveys and BRUVS, | set out to
characterize elasmobranch underwater diversity and relative abundance, as well as
perceptions held by recreational industry surface and underwater users in the Upper
Florida Keys. The largest proportion of surface users, almost half, reported fishing in

both NSB and CSB while the largest proportion of underwater users, over a third,
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responded to also diving/snorkeling in both NSB and CSB. I expected to observe higher
elasmobranch relative abundance and species diversity in SSB since both ocean-user
groups reported using SSB the least. This is based on the assumption that ocean-users are
not selecting locations based on the probability of encountering elasmobranchs.
Consistent with this hypothesis, | found that there are significantly more elasmobranch

species captured on camera in SSB compared to NSB and CSB.

The sample design did not allow for a direst test of the effects of effects of human
population density on elasmobranchs, but it is likely that NSB experiences more
anthropogenic pressure than the other sampling blocks because of its proximity to urban
areas and a greater number of tourists. A previous study showed that dive operators in the
Upper Keys made the greatest number of trips and attracted the highest total number of
divers, while dive operators in the Middle Keys, which SSB borders, had fewer trips
(Shivlani & Suman, 2000). A connection between human population density and the
absence of sharks and other larger predatory fish on coral reefs has been shown in a
variety of locations and contexts (Robbins et al., 2006; Stallings 2009; Ferreti et al.,
2010, Ward-Paige et al., 2010) and is likely as a result of the direct and indirect effects of

various anthropogenic stressors.

BRUV data suggest that the numbers of sharks and rays increase as you move
away from Miami, and the relative abundance of Sphyrna tiburo and Urobatis
jamaicensis in NSB was significantly lower than CSB and SSB. Sphyrna tiburo and
Urobatis jamaicensiss are small-bodied species that usually inhabit shallow water

habitats (Spieler et al., 2013; Ward-Paige et al., 2011; Smith and Curran, 2017),
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potentially making them more susceptible to fishing, disturbances rom boating, diving

and snorkeling activities that are common near shore (Knip et al., 2010).

Of the species captured on BRUVS, one is threatened (Sphyrna mokarran), two
are near threatened (Carcharhinus perezii and Carcharhinus acronotus), two listed as
Least Concern (Sphyrna tiburo and Rhizoprionodon spp.) and one is data deficient
(Ginglymostoma cirratum) at the global scale (ICUN 2019). For these species, fishing has
been identified by ICUN as the main threat, and diver interviews in the greater-Caribbean
region suggest that besides Ginglymostoma cirratums many reef-associated sharks are
uncommon (Ward-Paige et al., 2010). All species captured on camera were reported by
surface users as being part of their fishery, except for the Sphyrna mokarran which is
endangered and protected by state law. This is somewhat surprising since catches of, and
encounters with, Sphyrna mokarran are relatively common in southern Florida, including
the Keys and are often posted on social media. It is plausible that surface users did not
report catching this species because they are aware of their protection status. This may
also explain why the majority of surface users did not answer questions of whether they
targeted sharks and the fate of the shark catch (released alive, dead, or kept). Still,
declines in sharks in the Upper Florida Keys are unlikely caused solely by mortality in
recreational fisheries. Indeed, most elasmobranch species move large distances and have
been historically subjected to commercial fisheries (McClenachan 2009; McClenachan et
al., 2012) in the Keys and throughout their ranges which appear to have resulted in

population declines (e.g Heithaus et al. 2007).
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Underwater users also did not report Sphyrna mokarran. It is likely that
underwater users may not have encountered this species, and although previous studies
have used recreational underwater users to study contemporary distribution and sighting
frequencies of sharks on reefs in the greater Caribbean (Ward-Paige et al., 2010), there
are drawbacks of diving as a scientific tool to study sharks. Sharks may change their
behavior if underwater users are in a habitat (Dickens et al., 2011), diving transects
consistently yielded the lowest shark densities at the Palmyra Atoll in comparison to
other survey methods (McCauley et al., 2012). Furthermore, attraction or repulsion of
sharks by underwater users can be species and context-dependent (Heuter et al., 2004;

Rizzari et al., 2014).

Surface users identified two shark species, Carcharhinus leucas and Galeocerdo
cuvier, that were not captured on camera. This discrepancy is likely due to their relatively
low abundance (e.g Heithaus et al., 2007) and that 225 total hours of footage likely was
not enough to ensure detection of rare species. Carcharhinus leucas, Galeocerdo cuvier
and Sphyrna mokarran seasonal variance in abundance (Hueter et al., 1995; Heithaus et
al., 2007; Guttridge et al., 2017) could explain the results, because BRUVs in the Upper
Keys were deployed in the summer. Carcharhinus leucas inhabit Florida waters year-
round but abundances in some parts of southern Florida peak in the winter
(Hammerschlag et al., 2012), and Sphyrna mokarran was more common in the lower
Florida Keys during colder months (Heithaus et al., 2007). There is not published
information available on the seasonality of Galeocerdo cuvier in Florida waters, but they
were very rare in a study conducted in the lower Florida Keys in the early 2000s

(Heithaus et al., 2007).
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Surface users, underwater users and BRUVs all identified the same three ray
species. All three ray species frequently inhabit shallow coral reef habitats were
underwater users prefer to dive and where BRUVs were deployed. There has not been
extensive research on the efficiency of diving surveys at identifying ray species diversity
and relative abundance (Ward-Paige et al., 2011; Corcoran et al., 2013). This study
suggests that all three methods successfully identified small-scale occurrence in a region

where these rays are not targeted by fisheries.

In many parts of the world, underwater users and surface users are in conflict over
how to manage ocean resources (de Andrade and de Oliveira Soares, 2017; Lopes and
Villasante, 2018) and blame each other as the main source of anthropogenic effects
(Johnson and Jackson, 2015). In the Upper Florida Keys, however, | found that surface
and underwater users in the Upper Keys have similar views on the ecological importance
of sharks, and that they agreed on the need for conservation policies. All surface users
agreed that sharks are important to the health of the oceans and 81.5% support
conservation policies that would protect certain shark species. In comparison, 94.5% of
underwater users agreed that sharks are important to the health of the oceans and the vast
majority 97.3% support conservation policies that would protect certain shark species
from all fishing. Although there was no significant difference in opinion regarding
conservation policies between surface and underwater users, most people interviewed in
these groups agreed that protecting sharks and having SPA zones with no human

interactions is a good conservation policy.
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The only difference between surface and underwater users’ perceptions was
regarding the important of sharks in the local economy, with underwater users ranking
sharks significantly higher than surface users. The lack of knowledge on the
socioeconomic importance of elasmobranchs by ocean users and scientists alike
highlights the need for increased economic impact studies followed by disseminations of
results. Although in recent years there has been an increasing awareness by stakeholders
on the potential importance of elasmobranchs to ocean ecosystems (Lewis and Newsome,
2003; Simpfendorfer et al., 2011; Shiffman and Hammerschlag 2014) the present chapter
echoes the results from my previous studies that show the general lack of awareness on
the socioeconomic benefits elasmobranchs have for ocean-users (MacKeracher et al.

2019; Mizrahi et al., 2019).

Given that elasmobranchs are perceived as socio-economically important to many
stakeholders and local communities, additional detailed economic studies would be
beneficial. Recent literature focuses on the value of sharks for tourism aimed at shark-
specific dives (Brunnshweiler 2010; Gallagher and Hammerschlag, 2011; Vianna et al.,
2012; Gallagher et al., 2015) and shark-specific fishing trips (Cisneros-Montemayor et
al., 2013; Shiffman and Hammerschlag 2014), yet more studies are needed on the
valuation of elasmobranch sources and the economic ecosystem benefits they provide,
including the economic benefits that general recreational snorkeling, diving and fishing
(not specifically geared to sharks) provide. For future studies, interview surveys should
include questions that ask local dive shop owners and recreational fishing charter owners
what species clients prefer to see/catch (that may be linked trophically to elasmobranchs),

what species are the willing to pay to see/catch, what influences their decisions on how to
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spend their time and money, what days or seasons provide them with the largest earnings,
what proportions of their clients are tourists vs. locals, and how many clients request
specifically to dive/catch sharks even if their business is not targeted towards sharks.
Additional questions should also ask why surface users/underwater users frequent the
reefs they prefer to use, what proportion of their time they spend at each reef, and if there

is a seasonality component to fishing and diving activities.

My study shows how in-person interview surveys, of two different stakeholder
groups, can provide insights into ocean-users’ impressions of elasmobranch trends and
importance, that can be ground-truthed when paired with an established field method

such as BRUVs .

Most importantly, my study found that there does not seem to be a conflict in
opinions with regards to elasmobranch resources between ocean-users. Surface users and
underwater users agree on the need to protect certain shark species, to set minimal catch
lengths, and to have research-only protected areas in the Florida Keys. Surface users and
underwater users agreeing with conservation policies stands in stark contrast to what was
found by Suman et al., (1999) where fishers in the keys believed they would suffer from
the establishment of no-take zones and that there are “plenty of laws and fishing
regulations” that already restrict fishers. Stakeholder opinions appear to have changed as
policies have been implemented. Likely, perceived negative impacts of declining catches
locally and globally (Heithaus et al., 2007; McClenachan 2009, Ferreti et al., 2010;
Harnik et al., 2012; Worm et al., 2013, Dulvy et al., 2014), and number of extreme-

weather events like hurricanes and temperature fluctuations (Matich and Heithaus 2012;
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Boucek et al., 2017; Strickland et al., 2019) in Florida may change stakeholder opinions.
Therefore, interview surveys and socio-economic data should be continuously collected
over long periods of time to track changes in perceptions and opinions held by the local

communities, in order to create realistic and effective management strategies.
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Figures

Figure 1. Map of the Florida Upper Keys. Northern, Central and Southern Sampling
Blocks are outlined in orange, while Sanctuary Preservation Areas (SPA) are outlined in
yellow. Red dots represent BRUV drops, Dive flags show diving locations reported by
interviewed underwater users, and white stars show fishing locations reported by
interviewed surface users.
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Figure 2. Average MaxN from each species that had MaxN>1. Bars with different letters
are significantly different at p < 0.05.
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Table 1. Elasmobranch species reported by surface users and underwater users, and
observed on BRUVs.

Reported  N=27 Reported by N=37 Appeared N=150
by Surface Underwater in
users users BRUVs

Sharks 1.G. 0.66(n=18) G.cirratum  0.92(n=34) G. 0.28(n=42)
cirratum cirratum
2.C.perezii  0.07(n=2) C. perezii 0.03(n=1) S. tiburo 0.19(n= 28)
3.C.leucas 0.07(n=2) S.tiburo 0.03(n=1) C. perezii  0.08(n=12)

4.Rhizoprio  0.07(n=2)  No Answer 0.03(n=1) Rhizoprio  0.07(n=10)

nodon spp. nodon
spp.
5.S. tiburo 0.04(n=1) C. 0.07(n=10)
acronotus
6.C. 0.04(n=1) S. 0.03(n=5)
plumbeus mokarran
7.G. cuvier  0.04(n=1)
Rays 1.H. 0.48(n=13) H. 0.65(n=24) U. 0.2(n=30)
americanus americanus jamaicens
is
2.A. 0.37(n=10) U. 0.22(n=8) H. 0.06(n=9)
narinari jamaicensis american
us
3.U. 0.04(n=1) A. narinari 0.11(n=4) A 0.03(n=4)
jamaicensis narinari

No Answer  0.11(n=3) No Answer 0.03(n=1)
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Table 2. Chi-square post-hoc Bonferroni comparisons of user’s opinion on the
importance of sharks to the local economy

Catch Fate G-value Df p-value
Very important 5.92 3 0.015
Somewhat important  0.60 3 0437
A little important 0.33 3 0.563
Not importantatall ~ 1.93 3 0.165

Table 3. Results of GLM testing for differences in elasmobranch species diversity across
sampling blocks

Sampling Block  z- value P-value
NSB -1.832 0.067
CSB -0.420 0.674
SSB 3.064 0.002

Table 4. Results of Linear Regressions done to test what variables influenced which
sampling block ocean-users frequented; shaded Ps denote significant effects.

NSB CSB SSB
Variable z- value P-value z-value P-value z-value P-value
Ocean-user type -0.240 0.8100 -1.596 0.11046 2.322 0.0202
Age -0.006 0.9950 -0.003 0.99793 0.004 0.9969
Experience -2.25 0.0245 -2.895 0.00379 2.046 0.0408
Only 0.618 0.5363 0.543 0.58700 0.905 0.3653

Occupation

144



References

Adams, A. J., Horodysky, A. Z., McBride, R. S., Guindon, K., Shenker, J., MacDonald,
T. C., ... & Carpenter, K. (2014). Global conservation status and research needs for
tarpons (Megalopidae), ladyfishes (Elopidae) and bonefishes (Albulidae). Fish and
Fisheries, 15(2), 280-311.

Arlinghaus, R., & Cooke, S. J. (2009). Recreational fisheries: socioeconomic importance,
conservation issues and management challenges. Recreational hunting, conservation
and rural livelihoods: science and practice, 39-58.

Ault, J. S., Bohnsack, J. A., Smith, S. G., & Luo, J. (2005). Towards sustainable
multispecies fisheries in the Florida, USA, coral reef ecosystem. Bulletin of Marine
Science, 76(2), 595-622.

Baum, J. K., Myers, R. A., Kehler, D. G., Worm, B., Harley, S. J., & Doherty, P. A.
(2003). Collapse and conservation of shark populations in the Northwest
Atlantic. Science, 299(5605), 389-392.

Bond, M. E., Babcock, E. A., Pikitch, E. K., Abercrombie, D. L., Lamb, N. F., &
Chapman, D. D. (2012). Reef sharks exhibit site-fidelity and higher relative abundance
in marine reserves on the Mesoamerican Barrier Reef. PloS one, 7(3), e32983.

Boucek, R. E., Heithaus, M. R., Santos, R., Stevens, P., & Rehage, J. S. (2017). Can
animal habitat use patterns influence their vulnerability to extreme climate events? An
estuarine sportfish case study. Global change biology, 23(10), 4045-4057.

Branch, T. A. (2015). Fishing impacts on food webs: multiple working
hypotheses. Fisheries, 40(8), 373-375.

Brunnschweiler, J. M. (2010). The Shark Reef Marine Reserve: a marine tourism project
in Fiji involving local communities. Journal of Sustainable Tourism, 18(1), 29-42.

Casey, J. M., Baird, A. H., Brandl, S. J., Hoogenboom, M. O., Rizzari, J. R., Frisch, A. J.,
... & Connolly, S. R. (2017). A test of trophic cascade theory: fish and benthic
assemblages across a predator density gradient on coral reefs. Oecologia, 183(1), 161-
175.

Causey, B. D. (2002). The role of the Florida Keys National Marine Sanctuary in the
South Florida ecosystem restoration initiative. The Everglades, Florida Bay, and coral
reefs of the Florida Keys: an ecosystem sourcebook, 883-894.

Chiappone, M., Sluka, R., & Sealey, K. S. (2000). Groupers (Pisces: Serranidae) in fished
and protected areas of the Florida Keys, Bahamas and northern Caribbean. Marine
Ecology Progress Series, 198, 261-272.

145



Chin, A., Heupel, M. R., Simpfendorfer, C. A., & Tobin, A. J. (2016). Population
organisation in reef sharks: new variations in coastal habitat use by mobile marine
predators. Marine Ecology Progress Series, 544, 197-211.

Cisneros-Montemayor, A. M., Barnes-Mauthe, M., Al-Abdulrazzak, D., Navarro-Holm,
E., & Sumaila, U. R. (2013). Global economic value of shark ecotourism: implications
for conservation. Oryx, 47(3), 381-388.

Colgan, C. S. (2013). The ocean economy of the United States: Measurement,
distribution, & trends. Ocean & coastal management, 71, 334-343.

Cooke, S. J., & Cowx, I. G. (2004). The role of recreational fishing in global fish
crises. BioScience, 54(9), 857-859.

Cooke, S. J., Arlinghaus, R., Bartley, D. M., Beard, T. D., Cowx, I. G., Essington, T. E.,
... & Watson, R. (2014). Where the waters meet: sharing ideas and experiences
between inland and marine realms to promote sustainable fisheries
management. Canadian Journal of Fisheries and Aquatic Sciences, 71(10), 1593-
1601.

Corcoran, M. J., Wetherbee, B. M., Shivji, M. S., Potenski, M. D., Chapman, D. D., &
Harvey, G. M. (2013). Supplemental feeding for ecotourism reverses diel activity and
alters movement patterns and spatial distribution of the southern stingray, Dasyatis
americana. PLoS One, 8(3), €59235.

de Andrade, A. B., & de Oliveira Soares, M. (2017). Offshore marine protected areas:
Divergent perceptions of divers and artisanal fishers. Marine Policy, 76, 107-113.

Dickens, L. C., Goatley, C. H., Tanner, J. K., & Bellwood, D. R. (2011). Quantifying
relative diver effects in underwater visual censuses. PloS one, 6(4), e18965.

Dulvy, N. K., Fowler, S. L., Musick, J. A., Cavanagh, R. D., Kyne, P. M., Harrison, L.
R., ... & Pollock, C. M. (2014). Extinction risk and conservation of the world’s sharks
and rays. elife, 3, €00590.

Dulvy, N. K., Simpfendorfer, C. A., Davidson, L. N., Fordham, S. V., Brautigam, A.,
Sant, G., & Welch, D. J. (2017). Challenges and priorities in shark and ray
conservation. Current Biology, 27(11), R565-R572.

FAO. 2016. Identification guide to common sharks and rays of the Caribbean, by Ramon
Bonfil. FishFinder Programme. Rome, Italy.

Ferretti, F., Worm, B., Britten, G. L., Heithaus, M. R., & Lotze, H. K. (2010). Patterns
and ecosystem consequences of shark declines in the ocean. Ecology letters, 13(8),
1055-1071.

146



Figueira, W. F., & Coleman, F. C. (2010). Comparing landings of United States
recreational fishery sectors. Bulletin of Marine Science, 86(3), 499-514.

Fisher, M. R., & Ditton, R. B. (1993). A social and economic characterization of the US
Gulf of Mexico recreational shark fishery. Marine Fisheries Review, 55(3), 21-27.

Frisch, A. J., Ireland, M., Rizzari, J. R., Lonnstedt, O. M., Magnenat, K. A., Mirbach, C.
E., & Hobbs, J. P. A. (2016). Reassessing the trophic role of reef sharks as apex
predators on coral reefs. Coral Reefs, 35(2), 459-472.

Gallagher, A. J., & Hammerschlag, N. (2011). Global shark currency: the distribution,
frequency, and economic value of shark ecotourism. Current Issues in Tourism, 14(8),
797-812.

Gallagher, A. J., Vianna, G. M., Papastamatiou, Y. P., Macdonald, C., Guttridge, T. L., &
Hammerschlag, N. (2015). Biological effects, conservation potential, and research
priorities of shark diving tourism. Biological Conservation, 184, 365-379.

Gilarranz, L. J., Mora, C., & Bascompte, J. (2016). Anthropogenic effects are associated
with a lower persistence of marine food webs. Nature communications, 7, 10737.

Graham, F., Rynne, P., Estevanez, M., Luo, J., Ault, J. S., & Hammerschlag, N. (2016).
Use of marine protected areas and exclusive economic zones in the subtropical
western North Atlantic Ocean by large highly mobile sharks. Diversity and
Distributions, 22(5), 534-546.

Guttridge, T. L., Van Zinnicq Bergmann, M. P., Bolte, C., Howey, L. A., Finger, J. S.,
Kessel, S. T., ... & Cashman, R. C. (2017). Philopatry and regional connectivity of the
great hammerhead shark, Sphyrna mokarran in the US and Bahamas. Frontiers in
Marine Science, 4, 3.

Hammerschlag, N., Luo, J., Irschick, D. J., & Ault, J. S. (2012). A comparison of spatial
and movement patterns between sympatric predators: bull sharks (Carcharhinus
leucas) and Atlantic tarpon (Megalops atlanticus). PLoS One, 7(9), e45958.

Harnik, P. G., Lotze, H. K., Anderson, S. C., Finkel, Z. V., Finnegan, S., Lindberg, D. R.,
... & O’Dea, A. (2012). Extinctions in ancient and modern seas. Trends in Ecology &
Evolution, 27(11), 608-617.

Harvey, E., Santana Garcon, J., Goetze, J., Saunders, B., & Cappo, M. (2018). The use of
stationary underwater video for sampling sharks. Shark Research: Emerging
Technologies and Applications for the Field and Laboratory, 111-132.

Haswell, P. M., Kusak, J., & Hayward, M. W. (2017). Large carnivore impacts are
context-dependent. Food Webs, 12, 3-13.

147



Hueter, R. E., Fong, W. G., Henderson, G., French, M. F., & Manire, C. A. (1995).
Methylmercury concentration in shark muscle by species, size and distribution of
sharks in Florida coastal waters. Water, Air, and Soil Pollution, 80(1-4), 893-899.

Hueter, R. E., Heupel, M. R., Heist, E. J., & Keeney, D. B. (2004). The implications of
philopatry in sharks for the management of shark fisheries. Journal of Northwest
Atlantic Fishery Science, 35, 239-247.

Hueter, R. E., Heupel, M. R., Heist, E. J., & Keeney, D. B. (2005). Evidence of
philopatry in sharks and implications for the management of shark fisheries. Journal of
northwest atlantic fishery Science, 35, 239-247.

Heithaus, M. R., Burkholder, D., Hueter, R. E., Heithaus, L. I., Pratt, Jr, H. L., & Carrier,
J. C. (2007). Spatial and temporal variation in shark communities of the lower Florida
Keys and evidence for historical population declines. Canadian Journal of Fisheries
and Aquatic Sciences, 64(10), 1302-1313.

Heithaus, M. R, Frid, A., Wirsing, A. J., & Worm, B. (2008). Predicting ecological
consequences of marine top predator declines. Trends in Ecology & Evolution, 23(4),
202-210.

Heithaus, M. R., Wirsing, A. J., Burkholder, D., Thomson, J., & Dill, L. M. (2009).
Towards a predictive framework for predator risk effects: the interaction of landscape
features and prey escape tactics. Journal of Animal Ecology, 78(3), 556-562.

Heyman, W. D., Carr, L. M., & Lobel, P. S. (2010). Diver ecotourism and disturbance to
reef fish spawning aggregations: it is better to be disturbed than to be dead. Marine
Ecology Progress Series, 419, 201-210.

IUCN 2019. The IUCN Red List of Threatened Species. Version 2019-2.
http://www.iucnredlist.org. Downloaded on 18 July 2019.

Johnson, A. E., & Jackson, J. B. (2015). Fisher and diver perceptions of coral reef
degradation and implications for sustainable management. Global Ecology and
Conservation, 3, 890-899.

Knip DM, Heupel MR, Simpfendorfer CA. 2010. Sharks in nearshore environments:
models, importance, and consequences. Marine Ecology Progress Series 402:1-11.

Kramer, K. L., & Heck Jr, K. L. (2007). Top-down trophic shifts in Florida Keys patch
reef marine protected areas. Marine Ecology Progress Series, 349, 111-123.

Krieger, J. R., & Chadwick, N. E. (2013). Recreational diving impacts and the use of pre-
dive briefings as a management strategy on Florida coral reefs. Journal of coastal
conservation, 17(1), 179-189.

148



LeCraw, R. M., & Srivastava, D. S. (2019). Biogeographic context dependence of trophic
cascade strength in bromeliad food webs. Ecology, e02692.

Lewin, W. C., Arlinghaus, R., & Mehner, T. (2006). Documented and potential biological
impacts of recreational fishing: insights for management and conservation. Reviews in
Fisheries Science, 14(4), 305-367.

Lopes, P. F., & Villasante, S. (2018). Paying the price to solve fisheries conflicts in
Brazil's Marine Protected Areas. Marine Policy, 93, 1-8.

MacKeracher, T., Diedrich, A., & Simpfendorfer, C. A. (2019). Sharks, rays and marine
protected areas: A critical evaluation of current perspectives. Fish and
Fisheries, 20(2), 255-267.

Matich, P., & Heithaus, M. R. (2012). Effects of an extreme temperature event on the
behavior and age structure of an estuarine top predator, Carcharhinus leucas. Marine
Ecology Progress Series, 447, 165-178.

McCauley, D. J., McLean, K. A., Bauer, J., Young, H. S., & Micheli, F. (2012).
Evaluating the performance of methods for estimating the abundance of rapidly
declining coastal shark populations. Ecological Applications, 22(2), 385-392.

McClenachan, L. (2009). Documenting loss of large trophy fish from the Florida Keys
with historical photographs. Conservation Biology, 23(3), 636-643.

McClenachan, L., Ferretti, F., & Baum, J. K. (2012). From archives to conservation: why
historical data are needed to set baselines for marine animals and
ecosystems. Conservation Letters, 5(5), 349-359.

McPhee, D. P., Leadbitter, D., & Skilleter, G. A. (2002). Swallowing the bait: is
recreational fishing in Australia ecologically sustainable?. Pacific Conservation
Biology, 8(1), 40-51.

Mizrahi, M. 1., Diedrich, A., Weeks, R., & Pressey, R. L. (2019). A systematic review of
the socioeconomic factors that influence how marine protected areas impact on
ecosystems and livelihoods. Society & natural resources, 32(1), 4-20.

Momigliano, P., & Harcourt, R. (2014). Shark conservation, governance and
management: the science—law disconnect. In Sharks: conservation, governance and
management (pp. 109-126). Routledge.

Musick, J. A., Burgess, G., Cailliet, G., Camhi, M., & Fordham, S. (2000). Management
of sharks and their relatives (Elasmobranchii). Fisheries, 25(3), 9-13.

Oliver, S., Braccini, M., Newman, S.J. & Harvey, E.S. (2015) Global patterns in the
bycatch of sharks and rays. Marine Policy, 54, 86-97.

149



Pauly, D., Christensen, V., Dalsgaard, J., Froese, R., & Torres, F. (1998). Fishing down
marine food webs. Science, 279(5352), 860-863.

Pauly, D., & Palomares, M. L. (2005). Fishing down marine food web: it is far more
pervasive than we thought. Bulletin of Marine Science, 76(2), 197-212.

Peck, S. B., & Howden, H. F. (1985). Biogeography of scavenging scarab beetles in the
Florida Keys: post-Pleistocene land-bridge islands. Canadian Journal of
Zoology, 63(12), 2730-2737.

Porch, C.E., Barbieri, L.R., 2007. A preliminary discussion of acceptable harvest levels
for scientific sampling of goliath grouper in the US South Atlantic and Gulf of
Mexico.

Post, John R., Michael Sullivan, Sean Cox, Nigel P. Lester, Carl J. Walters, Eric A.
Parkinson, Andrew J. Paul, Leyland Jackson, and Brian J. Shuter. "Canada's
recreational fisheries: the invisible collapse?.”" Fisheries 27, no. 1 (2002): 6-17.

R Core Team (2016) R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria. https://www.R-project.org/

Ripple, W.J. et al. (2014) Status and ecological effects of the world's largest carnivores.
Science 343, 151

Rizzari, J. R., Frisch, A. J., & Connolly, S. R. (2014). How robust are estimates of coral
reef shark depletion?. Biological Conservation, 176, 39-47.

Robbins, W. D., Hisano, M., Connolly, S. R., & Choat, J. H. (2006). Ongoing collapse of
coral-reef shark populations. Current Biology, 16(23), 2314-2319.

Santos, R. O., Rehage, J. S., Kroloff, E. K. N., Heinen, J. E., & Adams, A. J. (2019).
Combining data sources to elucidate spatial patterns in recreational catch and effort:
fisheries-dependent data and local ecological knowledge applied to the South Florida
bonefish fishery. Environmental biology of fishes, 102(2), 299-317.

Schmied, R. L., & Burgess, E. E. (1987). Marine recreational fisheries in the southeastern
United States: an overview. Marine Fisheries Review, 49(2).

Schmitz, O. J., Hawlena, D., & Trussell, G. C. (2010). Predator control of ecosystem
nutrient dynamics. Ecology letters, 13(10), 1199-1209.

Schramm Jr, H. L., Armstrong, M. L., Funicelli, N. A., Green, D. M., Lee, D. P., Manns
Jr,R.E., ... & Waters, S. J. (1991). The status of competitive sport fishing in North
America. Fisheries, 16(3), 4-12.

Schroeder, D. M., & Love, M. S. (2002). Recreational fishing and marine fish
populations in California. California Cooperative Oceanic Fisheries Investigations
Report, 182-190.

150



Shiffman, D. S., & Hammerschlag, N. (2014). An assessment of the scale, practices, and
conservation implications of Florida's charter boat—based recreational shark
fishery. Fisheries, 39(9), 395-407.

Shiffman, D. S., & Hammerschlag, N. (2016). Shark conservation and management
policy: a review and primer for non-specialists. Animal Conservation, 19(5), 401-412.

Shivlani, M. P., & Suman, D. O. (2000). Dive operator use patterns in the designated no-
take zones of the Florida Keys National Marine Sanctuary (FKNMS). Environmental
Management, 25(6), 647-659.

Smith, D. T., & Curran, M. C. (2017). Movement Patterns of Sphyrna tiburo
(Bonnethead Shark) in a Shallow Tidal Creek System. Southeastern naturalist, 16(2),
297-317.

Spieler, R. E., Fahy, D. P., Sherman, R. L., Sulikowski, J. A., & Quinn, T. P. (2013). The
yellow stingray, Urobatis jamaicensis (Chondrichthyes: Urotrygonidae): a synoptic
review. Caribbean Journal of Science, 47(1), 67-97.

Stallings, C. D. (2009). Fishery-independent data reveal negative effect of human
population density on Caribbean predatory fish communities. PLoS One, 4(5), e5333.

Strickland, B. A., Massie, J. A., Viadero, N., Santos, R., Gastrich, K. R., Paz, V., ... &
Heithaus, M. R. (2019). Movements of juvenile bull sharks in response to a major
hurricane within a tropical estuarine nursery area. Estuaries and Coasts, 1-14.

Suman, D., Shivlani, M., & Milon, J. W. (1999). Perceptions and attitudes regarding
marine reserves: a comparison of stakeholder groups in the Florida Keys National
Marine Sanctuary. Ocean & Coastal Management, 42(12), 1019-1040.

Tufts, B. L., Holden, J., & DeMille, M. (2015). Benefits arising from sustainable use of
North America’s fishery resources: economic and conservation impacts of recreational
angling. International Journal of Environmental Studies, 72(5), 850-868.

Valentine, J. F., Heck Jr, K. L., Blackmon, D., Goecker, M. E., Christian, J., Kroutil, R.
M., ... & Beck, M. (2008). Exploited species impacts on trophic linkages along reef—
seagrass interfaces in the Florida Keys. Ecological Applications, 18(6), 1501-1515.

Vianna, G. M. S., Meekan, M. G., Pannell, D. J., Marsh, S. P., & Meeuwig, J. J. (2012).
Socio-economic value and community benefits from shark-diving tourism in Palau: a
sustainable use of reef shark populations. Biological Conservation, 145(1), 267-277.

Wallach, A.D. et al. (2015) Novel trophic cascades: apex predators enable coexistence.
Trends Ecol. Evol. 30, 146-153

Walters, R. D. M., and M. J. Samways. Sustainable dive ecotourism on a South African
coral reef. Biodiversity & Conservation 10, no. 12 (2001): 2167-2179.

151



Ward-Paige, C. A., Mora, C., Lotze, H. K., Pattengill-Semmens, C., McClenachan, L.,
Arias-Castro, E., & Myers, R. A. (2010). Large-scale absence of sharks on reefs in the
greater-Caribbean: a footprint of human pressures. PloS one, 5(8), e11968.

Ward-Paige, C. A., Pattengill-Semmens, C., Myers, R. A., & Lotze, H. K. (2011). Spatial
and temporal trends in yellow stingray abundance: evidence from diver
surveys. Environmental Biology of Fishes, 90(3), 263-276.

Wilson, E.E. and Wolkovich, E.M. (2011) Scavenging: how carnivores and carrion
structure communities. Trends Ecol. Evol. 26,129-135

Worm, B., Davis, B., Kettemer, L., Ward-Paige, C. A., Chapman, D., Heithaus, M. R, ...
& Gruber, S. H. (2013). Global catches, exploitation rates, and rebuilding options for
sharks. Marine Policy, 40, 194-204.

Wraith, J., Lynch, T., Minchinton, T. E., Broad, A., & Davis, A. R. (2013). Bait type
affects fish assemblages and feeding guilds observed at baited remote underwater
video stations. Marine Ecology Progress Series, 477, 189-199.

152



Appendix 1: Questionnaire used for ocean users in FinPrint locations
FOR INTERVIEWER ONLY

Interview #:

Date: Interviewer name:

Time of day:

Location Information:

State: Community:

Village:

Interview location:

Gender of interviewee: Male Female

Is a translator or intermediate person being used to help conduct this interview? Y N

Opening Statement:

My name is . I work on a project conducted by Florida International University. We
conduct research about fishing and the ocean. The goal of this project is simply to learn more
about sharks and rays, because there are major conservation concerns about these species in
the world, including the Caribbean region. Your participation is voluntary and confidential. We will
not record your name or any personal contact information or share your individual answers with
anyone outside of the research team. Your honest answers will not have any consequences for
you; this is strictly for academic research. For example, it could lead to the development of
educational or conservation programs in certain areas. You do not have to answer any questions
that you do not want to, and you can choose to end this interview at any time. The full interview
will take about 15 - 30 minutes. We realize that you are very busy and we greatly appreciate your
willingness to take time with us.

Background questions:
When in the ocean, what activity do you spend the most time doing?

Recreational fisher/angler Diver Boat captain/boat crew  Spear fishing
other:
Is this a job occupation or a hobby?  Job Hobby

If an occupation, is this your only occupation? Yes  No

If you have other occupations, is this your primary occupation? Yes No

(If No): What are your other occupations?
In the past 12 months, which months were you out on the water?

For how many years have you been fishing/diving/working in this area of water?
How familiar do you consider yourself to be with this area of water?
Not familiar at all A little familiar Very familiar Unsure
For how many years have you been in this occupation/hobby?
Anybody from your household have the same occupation/hobby? Yes No
If yes, how many members and what are their relation to you?
Did your previous generation have the same occupation/hobby?
How old are you?

For Divers/spear fishers

How many hours do you spend diving a month?

What is the average duration of your dive? (in hours)

How many sharks do you see per trip, on average?

What are the top species of sharks that are most common in this area?
Species :
Species :
Species :
Species :
Species :
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For boat crew/recreational anglers

How many hours do you spend fishing a month?

What is the average duration of a single fishing trip?

How many sharks do you see on average, per fishing trip?

What are the top species of sharks that are most common in this area?
Species :
Species :
Species :
Species :
Species :

Sharks

When you caught a shark, was it:
Targeted catch by-catch (caught incidentally) by-product (caught incidentally but
kept)

What did you do with the sharks you caught in?
Release alive Discard dead  Sell only fins  Sell the whole body Eat Other:

For Shark Species 1:

Point out in the map where you see this species most often.

What months do you see/catch this species most often?

What times of day do you see/catch this species most often?

Do you perceive any other temporal trends for this species? (i.e weather, currents, seasons, etc.)

What depths do you see/catch this species in most often?

What habitat do you see/catch this species in most often? Coral reefs seagrass beds

mangroves open water other:

In the past five years what trend have you perceived for the population of this species?
Decreasing population Stable population Increasing population  Not Sure

How many individuals of this species have you seen/caught in the past year?
0 1-10 11-20 21-50 >50 don'tknow

For Shark Species 2:

Point out in the map where you see this species most often.

What months do you see/catch this species most often?

What times of day do you see/catch this species most often?

Do you perceive any other temporal trends for this species? (i.e weather, currents, seasons, etc.)
What depths do you see/catch this species in most often?

What habitat do you see/catch this species in most often? Coral reefs seagrass beds
mangroves open water other:

In the past five years what trend have you perceived for the population of this species?
Decreasing population Stable population Increasing population  Not Sure

How many individuals of this species have you seen/caught in the past year?
0 1-10 11-20 21-50 >50 don'tknow

For Shark Species 3:

Point out in the map where you see this species most often.
What months do you see/catch this species most often?
What times of day do you see/catch this species most often?
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Do you perceive any other temporal trends for this species? (i.e weather, currents, seasons, etc.)

What depths do you see/catch this species in most often?

What habitat do you see/catch this species in most often? Coral reefs seagrass beds

mangroves open water other:

In the past five years what trend have you perceived for the population of this species?
Decreasing population Stable population Increasing population  Not Sure

How many individuals of this species have you seen/caught in the past year?
0 1-10 11-20 21-50 >50 don'tknow

Ray Species

What are the top species of rays that are most common in this area?
Species :
Species :
Species :
Species :
Species :

For Ray Species 1:

Point out in the map where you see this species most often.

What months do you see/catch this species most often?

What times of day do you see/catch this species most often?

Do you perceive any other temporal trends for this species? (i.e weather, currents, seasons, etc.)

What depths do you see/catch this species in most often?

What habitat do you see/catch this species in most often? Coral reefs seagrass beds

mangroves open water other:

In the past five years what trend have you perceived for the population of this species?
Decreasing population Stable population Increasing population  Not Sure

How many individuals of this species have you seen/caught in the past year?
0 1-10 11-20 21-50 >50 don'tknow

For Ray Species 2:

Point out in the map where you see this species most often.

What months do you see/catch this species most often?

What times of day do you see/catch this species most often?

Do you perceive any other temporal trends for this species? (i.e weather, currents, seasons, etc.)

What depths do you see/catch this species in most often?

What habitat do you see/catch this species in most often? Coral reefs seagrass beds

mangroves open water other:

In the past five years what trend have you perceived for the population of this species?
Decreasing population Stable population Increasing population  Not Sure

How many individuals of this species have you seen/caught in the past year?
0 1-10 11-20 21-50 >50 don'tknow

For Ray Species 3:

Point out in the map where you see this species most often.

What months do you see/catch this species most often?

What times of day do you see/catch this species most often?

Do you perceive any other temporal trends for this species? (i.e weather, currents, seasons, etc.)
What depths do you see/catch this species in most often?
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What habitat do you see/catch this species in most often? Coral reefs seagrass beds

mangroves open water other:

In the past five years what trend have you perceived for the population of this species?
Decreasing population  Stable population Increasing population ~ Not Sure

How many individuals of this species have you seen/caught in the past year?
0 1-10 11-20 21-50 >50 don'tknow

Perceived Ecological Roles
How important do you think sharks are for the health of the oceans?
Not Important at all A little important ~ Very important ~ Not sure
How important do you think sharks are for the economy of the region?
Not Important at all A little important ~ Very important ~ Not sure
Do you perceive any trends in other organisms in relation to shark populations?
(i.e morelless fish, more/less algae, etc.)

How important do you think rays are for the health of the oceans?
Not Important at all A little important ~ Very important ~ Not sure
How important do you think rays are for the economy of the region?
Not Important at all A little important ~ Very important ~ Not sure
Do you perceive any trends in other organisms in relation to ray populations?
(i.e morelless fish, more/less algae, etc.)

Policy
How do you think the reefs and associated animals have changed since the implementation of
the Florida keys sanctuary in 19907?

Dramatically worse A little worse Stayed the same Improved a little Improved
dramatically

Do you think protecting certain shark species from fishing is a good or bad conservation policy?
Good Bad Why:

Do you think setting minimum catch lengths for some shark and ray species is a good or bad
conservation policy?

Good Bad Why:

Do you think having protected areas where people are not allowed to fish and/or dive is a good or
bad conservation policy?

Good Bad Why:

Shark encounters

Do sharks damage your fishing/diving gear? Yes No
If yes, which types of gear do they damage?
How often has your gear been damaged by sharks in the past year?
circleone:0 1-2 3-5 6-10 >10 don'tknow

Do sharks damage any of your other catch? Yes No

How often has your catch been eaten or damaged by a shark in the past year?
circleone:0 1-2 3-5 6-10 >10 don'tknow

In your life, have you ever been injured by a shark? Yes No

If yes, how grave was your injury? Very grave fairly grave not grave
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If not, how likely do you think you are to be injured by a shark? Very likely fairly likely not likely

Do you have any other comments/information on sharks or rays?
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V. GENERAL CONCLUSIONS
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As in most of the world, artisanal fisheries in the Caribbean are poorly known
since they are highly dispersed, and target multiple species using a diversity of gears;
including gillnets, beach and seine nets, hand- and longlines (FAO 2011). However,
elasmobranchs have typically not been targeted by artisanal fisheries, but instead are
caught incidentally, and are retained as a by-product (valuable bycatch) from longline

fisheries focused on more profitable species of teleosts (Diaz et al., 2005).

Population trends and conservation status are not sufficiently understood for many
elasmobranch species in the Caribbean (Kyne et al., 2012), and even less is known about
the intensity and type of artisanal fisheries that exploit, or incidentally catch, these
species. | was able to identify the species most commonly captured and landed, | gained
insights into the gears that were most commonly used and | gathered information on their
opinions and perceptions of populations trends. From my work | was able to provide a
rough estimate of elasmobranch biomass catches by the artisanal fleet and compare to

FAO official reports and reconstructions by Sea Around Us.

In Colombia, fishers reported capturing eight shark and four ray taxa; 51%
reported Sphyrnidae spp., 43.9% Carcharhinus leucas, 37.7% Galeocerdo cuvier, 82.7%
Dasyatis americana, 81.6% Aetobatus narinari, and 3.1% Myliobatis goodei. From
BRUVs, only three shark species and two stingray species were detected: Negaprion
brevirostris, Ginglymostoma cirratum, Rhizoprionodon spp., Dasyatis americana and
Urobatis jamaicensis. Fewer species appearing on BRUVSs than reported by fishers is
likely due to BRUV sampling not detecting low density species, and sampling being

restricted to coral reef habitats while fishing occurs across a diversity of habitats. Overall,
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elasmobranch abundances were very low and | detected no differences between the
protected and unprotected reefs. Fishers reported Lutjanidae, Carangidae and barracuda
as the main taxa they target, and although teleost abundances were also very low, Tesoro
Island (which is uninhabited) had significantly higher relative abundance of Lutjanidae,

Carangidae and barracuda than the other islands.

This difference may be the results of Tesoro being the only island that is regularly
patrolled and protected. On the basis of fisher surveys, | estimated 9.7-254.2 metric tons
of elasmobranchs landings from artisanal fisheries off the Caribbean coast of Colombia
annually, compared to the zero metric tons reported by the government to FAO (FAO
2014) and the six metric tons reconstructed by Sea Around Us. My data revealed that
artisanal fishers continue to exploit coral reef resources inside MPAs, retain almost all of
the species they catch, perceive less elasmobranchs than when they started fishing and the

only island that enforced protection had a significantly higher teleost relative abundance.

In my second chapter, | explored how the quantity of sharks fishers catch and sell,
and what they do with their catches (throw away, eat or sell) varies across countries in the
context of island nations with limited agricultural and food sources. My project revealed
that artisanal fishers retain almost all animals caught, but whether they sell or keep their
elasmobranch catch for personal use varies by island. Across all islands, most fishers
perceived less elasmobranchs than when they started fishing. Fishers reported catching
far more species of sharks (n= 22) and rays (n = 4) than were observed on BRUVs (n =5
and 2, respectively). Additionally, my reconstruction of artisanal catches was larger than

that reported to the FAO, and upper and lower estimated ranges encompassed what was
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estimated by Sea Around Us. The upper estimated ranges using my method, however,
were two to fives times larger than what SAU estimated. While these estimated may be
higher than actual landings, they do raise the possibility that elasmobranch landings may
be larger than what is being reported or reconstructed. Combined with relatively low
abundances on BRUVS, relative to less heavily exploited regions, my results reinforce
concerns that shark and ray populations have declined considerably and remain under

threat in many locations in the Caribbean.

Finally, in Chapter 4, | explored how attitudes and perceptions of elasmobranchs
by recreational fishers in a developed nation compare to those of another group of
stakeholders that also depend on the ocean for their livelihood, recreational divers and
snorkelers (underwater users). Fishers reported capturing seven sharks species, while
underwater users reported four shark species and BRUVSs captured six sharks species.
Species identified by all three methods were Ginglymostoma cirratum, Carcharhinus
perezii, and Sphyrna tiburo. Carcharhinus leucas, Galeocerdo cuvier, while
Carcharhinus plumbeus was reported only by fishers, Carcharhinus acronotus and
Sphyrna mokarran appeared only on BRUVS, and Rhizoprionodon spp. was reported by

surface users and appeared also on BRUVS, but were not reported by underwater users.

Three ray species Hypanus americana, Aetobatus narinari, and Urobatis
jamaicensis were identified by all three methods. From BRUVS, | found that there are
significantly more elasmobranch species captured on camera on the southern Upper
Florida Keys, even though the relative abundance of elasmobranchs was significantly

different across all three sampling blocks. These data revealed that fishers and divers
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agree on the need for protected areas and do not have a conflicting opinions with regards

to elasmobranch conservation policies.

The long-term sustainability of many marine ecosystems is threatened and
traditional efforts to manage these systems, either species-specific or by fishing sector,
have proven to be insufficient (Mascia 2003). Nonetheless, government entities around
the world have taken measures to manage marine resources, such as creating Marine
Protected Areas, sanctuaries, issuing fishing permits, and instituting fishing regulations.
Specific to elasmobranch resources, countries that agreed to the International Plan of
Action for the management of shark resources (IPOA-sharks) created by FAO are

expected to create and implement their own National Plan of Action (NPOA-sharks).

All the countries sampled in this dissertation have agreed to IPOA-sharks, and
except for Trinidad and Tobago, they have all released their NPOAs. However, creating a
NPOA is only the first step towards the management and conservation of elasmobranchs.
Further management policies are necessary, as is their implementation. Listed below are

some of the management measures each territory has implemented:

Decreasing elasmobranch species diversity and relative abundance (from BRUVS)

Florida Tobago Colombia Guadeloupe | Martinique
Keys (Trinidad (France) (France)
(U.S) and Tobago)
IPOA v v v v/ v/
NPOA v v v v
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MPAs v v v v
Permits v

Enforcement v

It is interesting to note that the two territories with the highest species diversity
and relative abundance (from BRUVS) of elasmobranchs, the Florida Keys and Tobago,
differ considerably with the implementation of their management strategies. The high
diversity and abundance of elasmobranchs in Trinidad and Tobago warrants further
studies of its marine environment and productivity. Nonetheless, for Colombia,
Martinique and Guadeloupe the enactment of conservation policies might be prompted by
the urgency to protect increasingly diminishing resources, which may not the case for
Trinidad and Tobago. The need to implement conservation management policies before
overexploitation becomes apparent must be considered in countries where small-scale

fisheries are an important source for livelihood.

For my dissertation, | compiled base line data of artisanal fisheries in the
Caribbean in a broad context across four nations (Colombia, Tobago, Guadeloupe and
Martinique) and their potential impacts on coral-reef associated elasmobranchs. From
800 BRUV samples, | found low levels of elasmobranch occurrence and species
diversity across all of these sites. From 660 interview surveys, | discovered that fishers
have perceived a decline in elasmobranchs since they started fishing, and determined that
their estimated elasmobranch landings are likely higher than what is being reported to the
FAO and encompasses the estimates reconstructed from Sea Around Us. Further research

is needed to elucidate the social, economic and cultural drivers behind the demand for
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shark catches, as well as what proportion of their protein intake is derived from
elasmobranchs in order to understand the full extent of their reliance on elasmobranchs
for their livelihood. Future research should include interview surveys as a method to
complement established field data collection, and future studies should have an inherent
component of capacity building and stakeholder inclusion in order to improve
transparency in data collection and increase support from local communities for

conservation policies.
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