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Abstract: The Mexican Caribbean is in one of the regions with the greatest diversity of elasmobranchs
in the world. However, the population status of most of the shark and ray species in this region is
unknown. We used a citizen science program based on divers to collect data about the diversity,
abundance, and distribution of elasmobranchs in this region. We visited dive centers in six locations
and performed structured interviews with divemasters, instructors, and owners of the diving centers.
In total, 79 divers were interviewed, of which 69% had more than five years’ experience diving in
the Mexican Caribbean. Divers could identify 24 elasmobranch species for this region. Most of the
divers (82%) reported a decrease in sightings of sharks and rays. Rays were the most frequently
sighted species by divers (89%), and the spotted eagle ray (A. narinari) was the most common
elasmobranch species reported in the region. Citizen science was a useful approach gathering for
baseline information about sharks and rays in the Mexican Caribbean, increasing our knowledge of
the abundance and distribution of some species in this region. Citizen science affords the opportunity
to obtain long-term data that can be useful for management and conservation.

Keywords: sharks; rays; monitoring; coral reef; scuba diving

1. Introduction

Elasmobranchs constitute a diverse group that occupies a wide range of aquatic
habitats around the world. Some species spend their lives in the same habitat, but the
majority are often mobile and move between different habitats during their lifetime. Shark
and ray populations have decreased dramatically due to climate change, overfishing, and
habitat degradation, and in some regions, the status of their populations is unknown,
impeding the creation and application of management strategies [1]. The last global IUCN
Red List of Threatened Species assessment of elasmobranchs (2013 to 2021) revealed a
critical reduction in their populations, estimating that over one-third of the shark and ray
species are globally threatened with extinction and more than 75% of species are threatened
throughout tropical and sub-tropical coastal and pelagic waters [1].

The Western Central Atlantic Region including the Caribbean Sea is considered one of
the hotspots of shark and ray biodiversity in the world, showing the highest diversity and
regional endemism of elasmobranchs in tropical America [2,3]. In the Mexican Caribbean,
85 elasmobranch species (49 sharks and 36 rays) are reported that represent 41% of the
country’s biodiversity [4], but the population status of most of these species is unknown.
Information about the elasmobranch population in this region is only available for the
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most charismatic species, such as the whale shark (Rhincodon typus), oceanic manta ray
(Mobula birrostris), and whitespotted eagle ray (Aetobatus narinari) [5–7].

Sharks and rays represent an important resource for the local fisheries and the tourism
industry in the Mexican Caribbean, contributing significantly to the local economy [8].
Multiple species are targeted or caught as bycatch in coastal and artisanal fisheries in this
region and rays are an important component of the bycatch in the shrimp fishery [9,10].
Regionally, several management strategies have been implemented, such as temporal bans,
net regulations, and no fishing areas for sharks and rays, but the lack of enforcement is
evident and consistent in the Mexican Caribbean, decreasing the impact of these tools for
shark and ray conservation. The lack of long-term monitoring of elasmobranch populations
as well as data concerning ecological and biological aspects of these species complicate the
evaluation and implementation of regional management tools.

Elasmobranch population status is often estimated using data from fisheries (depen-
dent or independent). In most cases, only the commercially important species are included,
and extractive sampling is sometimes used, which can affect the population and is not rec-
ommended for rare or threatened species, as is the case for many elasmobranch species [11].
More suitable alternatives to extractive methods for describing and monitoring elasmo-
branch populations include underwater visual censuses (UVC) conducted by scientific
divers and the baited remote under water video stations (BRUVS). However, the imple-
mentation of these methods can require significant effort and financial investment, limiting
their potential use for long-term monitoring [12].

To improve elasmobranch conservation, ecological and biological data are needed
around the world [1], which necessitates a large logistical effort and high financial invest-
ment. This is the main concern for low, lower-middle, and middle-income countries where
governmental investment in research is very poor and biodiversity conservation is not a
priority. In those countries with limited data availability, it is important to implement other
cost-effective methods to collect ecological and biological data, which can enable long-term
monitoring to increase knowledge of the status of elasmobranch populations [1].

Citizen science programs to collect data about the environment and species have been
widely used and represent a cost-effective tool to collect data in marine environments [13].
Citizen science is a method that integrates public outreach and scientific data collection,
which allows amateur participation in scientific research and monitoring [13,14]. These
programs are valuable for conservation and promote the reconnection between people and
nature [14]. However, while citizen science programs are now popular and increasingly
used in several countries, they are lacking in many others. Citizen science programs have
improved our understanding of the abundance, diversity, presence, and distribution of
different elasmobranch species [15]. Most of the citizen science projects on sharks and
rays have involved non-scientific divers in the collection of ecological and biological data,
demonstrating the method’s success in compiling observations for the determination of
long-term population trends [11,16–18].

The Mexican Caribbean has a large tourism industry and is considered one of the
best diving destinations in the world. Therefore, in the present study, our goal was to
explore the utility of a citizen science program based on divers to collect baseline data on
the diversity and distribution of elasmobranch species in the Mexican Caribbean.

2. Materials and Methods
2.1. Study Area

The Mexican Caribbean Region is comprised of the coastal zone of the State of
Quintana Roo, delimited between Cape Catoche in the north of the state (21◦36′18′′ N;
87◦06′13′′ W) to the border with Belize in the South (18◦09′45”N; 87◦48′50′′ W), with ap-
proximately 865 km of coastline (Figure 1). This region is part of the northern portion of
the Mesoamerican Barrier Reef System (MBRS), the second-largest coral reef system in the
world, and the Atlantic Ocean. This system extends to the coastal waters of Mexico, Belize,
Guatemala, and Honduras and has high marine biodiversity.
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2.2. Data Collection

We used two citizen science approaches [13,14] to collect information about sharks and
rays in the Mexican Caribbean. We conducted surveys to collect data using local ecological
knowledge (LEK) and collected data from the diver’s direct observations (sighting reports)
of sharks and rays in this region.

In August 2018, we performed an online data search looking for the contact informa-
tion of the main dive centers in Cancun, Isla Mujeres, Puerto Morelos, Cozumel, Mahahual,
and Xcalak to create a database. Between September 2018 and December 2020, we visited
dive centers and performed structured interviews with divemasters, diving instructors,
and when possible, the owners of each dive center to collect information about the shark
and ray species. The interview consisted of four sections: (i) diver personal data; (ii) scuba
diving experience in years of each diver internationally and in the Mexican Caribbean;
(iii) knowledge of shark and ray species identification, where an image of elasmobranch
species was shown to ask what species divers could identify, and the main sites of shark
and ray sightings in the Mexican Caribbean; and (iv) information concerning the perception
of the status of shark and ray populations, the trends of the populations, and the main
factors that influence those trends. We also asked each diver about their interest in being
part of a monitoring program for sharks and rays in the Mexican Caribbean. An identifi-
cation guide (ID guide) for coastal shark and ray species in the Mexican Caribbean was
designed to present to the divers during the interview to accurately identify individuals to
the species level.

We created a sighting report on paper and online in Google forms (Google Inc.,
Mountain View, CA, USA) to share with the divers who wanted to be part of the monitoring.
Divers contributed their data by filling out this form every time they observed a shark or
ray during their diving activities. In the sighting report, we asked for information about the
dive site (name and coordinates if possible), dive characteristics (date, time, duration, depth,
water temperature, visibility, current), and the species observed by the diver (common or
scientific name, behavior, estimated size and if possible, sex, and a photograph). Finally,
we left a space to add any comments divers wanted to share with us. We gave the ID guide
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to each diver involved in the monitoring to help in the identification of future sightings.
Additionally, we gave three IDs regarding sharks and rays in the Mexican Caribbean,
including characteristics of the coastal species likely observed during a recreational dive,
to improve the identification and quality of the reports to divers, rangers, and personnel
working in the marine protected areas in this region. A database with all the sighting
reports and associated data was created and summary analyses were performed.

3. Results

We visited in total 31 dive centers in the Mexican Caribbean, namely 22 in the north
(Cancún, I. Mujeres, Puerto Morelos, and Cozumel) and nine in the south (Mahahual and
Xcalak). During our visits, we performed 79 surveys with divers, and between August 2018
and December 2020 we received 499 sighting reports from 14 divers (four from Isla Mujeres,
three from Cancún, four from Puerto Morelos, one for Cozumel, two from Mahahual).

3.1. Local Ecological Knowledge

In total, 79 divers (divemasters and instructors) were interviewed, of which 69% had
more than five years of diving in the Mexican Caribbean. The mean number of years of
diving experience in the region was 17 years. Mahahual and Xcalak were the locations in
which we found the higher percentage of divers with less than five years of experience
diving in the Mexican Caribbean.

During the interviews, divers identified 24 elasmobranches (10 rays and 14 sharks)
species for this region. The locality in which divers identified a higher number of species
was Cancún (22 species, 12 sharks, and 10 rays), followed by Puerto Morelos (19 species,
12 sharks, and seven rays) and Isla Mujeres (18 species, 11 sharks, and seven rays) (Table 1).
The most common species reported by the divers were southern stingray (Hypanus americanus),
yellow stingray (Urobatis jamaisensis), nurse shark (Ginglymostoma cirratum), blacktip shark
(Carcharhinus limbatus), Caribbean reef shark (Carcharhinus perezi), and bull shark
(Carcharhinus leucas) (Table 1).

Table 1. Sharks and rays species identified by divers in the Mexican Caribbean. (*) Presence of
the specie.

Species Cancun Puerto Morelos Cozumel Isla Mujeres Mahahual-Xcalak

Pseudobatos lentiginosus *
Narcine brasiliensis * *

Hypanus americanus * * * * *
Hypanus guttatus * * * * *
Aetobatus narinari * * * * *

Urobatis jamaicensis * * * * *
Styracura schmardae *
Mobula hypostoma * * *
Mobula birostris * * * *
Rhinoptera sp. * * * *

Isurus oxyrinchus * * *
Rhincodon typus * *

Ginglymostoma cirratum * * * * *
Rhizoprionodon sp. * * *

Negaprion brevirostris * * * *
Galeocerdo cuvier * * * * *

Carcharhinus leucas * * * * *
Carcharhinus limbatus * * * * *

Carcharhinus perezi * * * * *
Carcharhinus plumbeus *

Carcharhinus longimanus *
Sphyrna tiburo * * *

Sphyrna mokarran * * * * *
Sphyrna lewini * * *

Total 22 19 11 18 15
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Most of the divers interviewed (73.4% n = 58) perceived a change in the abundance of
sharks and rays in the Mexican Caribbean, and 81% of those divers reported a decrease
in shark and ray population, attributing this change mainly to fisheries (41%), climate
changes (38%, change in water temperature and natural events like hurricanes), and coastal
development (24%). Other threats to sharks and rays that divers mentioned in this region
are the increase of sargassum (10%), tourism, and pollution (14%). Only 26.6% of the divers
interviewed reported no changes in shark and ray populations or an increase particularly
reported for offshore areas near Cozumel (Table 2).

Table 2. Number of divers with a perception of elasmobranch populations changes and the perceived
causes of population decrease.

Causes of Population Decrease

Location No Changes
or Increase

Population
Decrease

Climate
Change

Coastal
Development Fisheries Tourism

and Pollution Sargassum

Cancún 7 19 5 4 11 4 0
Cozumel 1 1 0 0 0 0 0
I. Mujeres 4 14 6 3 7 1 2
Mahahual 4 10 6 2 3
P. Morelos 5 14 5 7 4 3 1

Total 21 58 22 14 24 8 6

A high percentage of divers (85%) reported that sharks and rays were not their objec-
tives in the diving activity and they did not sell special packages that guaranteed the obser-
vation of these species, except in the case of the whale shark (Rhincodon typus), mako shark
(Isurus oxyrinchus), bull shark (C. leucas), the whitespotted eagle ray (Aetobatus narinari),
and oceanic manta ray (Mobula birostris), which do have defined observation seasons in
which sighting these species are the objective in snorkeling and diving activities.

3.2. Sightings Report Program

Of the interviewed divers (n = 79), 90% manifested interest in participating in the shark
and ray monitoring but only 20% were active in sending their sighting reports. Therefore,
we had at least one diver participating in the monitoring in each location. Between August
2018 and December 2020, we receive 499 sighting reports of elasmobranchs in the Mexican
Caribbean, 51% from Isla Mujeres, 31% from Mahahual, 16% from Puerto Morelos, and
2% from Cancún. Rays were more frequently sighted by divers (89%) than sharks (11%),
and the whitespotted eagle ray (A. narinari) was the most common elasmobranch species
reported in the region. The oceanic manta ray and the Atlantic devil ray were the second
and third ray species in terms of number of sightings but were reported as incidental
sightings by divers in Isla Mujeres as they were not observed during the dive. Otherwise,
the southern stingray (H. americanus) and the yellow stingray (U. jamaisensis) had more
sighting reports in the region overall. For sharks, the species most frequently sighted was
the nurse shark (G. cirratum), followed by the Caribbean reef shark (C. perezi) and the great
hammerhead shark (S. mokarran) (Figure 2).

In cases where behavior of the individuals was reported by divers (n = 80), they re-
ported mostly individuals resting on the bottom (51%), and 21% reported feeding behaviors.
Regarding the reaction that the animals had in the presence of the divers, most of them
moved away from the divers (58%) while a smaller percentage did not react (29%).
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Figure 2. Number of sighting reports by specie in the Mexican Caribbean in 29 months.

4. Discussion

The integration of multiple knowledge sources for assessing species abundance, diver-
sity, and distribution have increased over the past years as various studies have combined
local ecological knowledge and scientific data to understand population trends. Although
the Mexican Caribbean is in a hot spot of elasmobranch biodiversity, the scarcity of infor-
mation concerning the abundance, diversity, distribution, and population status is evident.
We took advantage of the high volume of diving activities in this region to collect data
about sharks and rays by performing interviews with divemasters and instructors. Most of
the divers interviewed have been diving for more than five years and were very knowl-
edgeable about the shark and ray species distributed in the region. They could identify at
least 24 elasmobranches (10 rays and 14 sharks) that they have seen in this region. The elas-
mobranch species reported by divers are mainly coastal species due to the depth limitation
for this activity. In the Mexican Caribbean, other authors using fisheries monitoring and
direct sampling reported a similar diversity of coastal sharks and rays in this region [19,20].

We observed that less experienced divers cannot identify the same number of species
because they have spent less time diving in this region. A diver’s experience is a key
component to obtain accurate data about shark and ray diversity as has been reported
in other studies explaining that experienced recreational divers (e.g., divemasters and
instructors) are familiar with the features of regularly visited sites and the species diversity
and can provide good information, even for more elusive species [16].

The elasmobranch species commonly observed by divers in the Mexican Caribbean
were the southern stingray (H. americanus), yellow stingray (U. jamaisensis), nurse shark
(G. cirratum), blacktip shark (C. limbatus), and Caribbean reef shark (C. perezi). This is
concordant with other regions in the Caribbean, in which other methods have been used to
determine the abundance and diversity of elasmobranchs. For example, in the Bahamas,
where researchers used longlines and BRUVS to obtain the distribution and abundance
of sharks, a high abundance of nurse sharks and Caribbean reef sharks was found [21].
Similarly, nurse sharks and Caribbean reef sharks were commonly captured on longlines
in Belize [22]. For rays, other studies in the Caribbean showed the high abundance of the
yellow stingray in the coral reef ecosystems [11], so the data obtained here through the local
ecological knowledge are supported by other studies using conventional methods [23].

The decline of shark and ray populations worldwide in the last decades is well
known [1,24], particularly in the Caribbean where recent studies have provided evidence
of the decline of reef shark populations [23,25]. This is concordant with the perception
of the divers interviewed in our study who perceived a decline in the number sharks
and rays in the Mexican Caribbean in the last decade. The use of LEK was shown to be
useful to collect invaluable data for describing population trends and providing insight into
patterns that may warrant further investigation [16]. The main causes divers in the Mexican
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Caribbean thought are contributing to the population decline of sharks and rays in this
region were fisheries, climate change, particularly the changes in water temperature and
the strengthening of natural events such as hurricanes, and coastal development, where
they mention particularly the degradation of the coral reef and mangroves due to coastal
infrastructure development. Other threats that divers mention for sharks and rays in this
region are the increase of sargassum along the coast in recent years, the increasing number
of tourists each year, and pollution. Globally, overfishing, habitat loss, climate change, and
pollution are the main causes of the elasmobranch population decline worldwide [1] as
described by the divers interviewed in this study in the Mexican Caribbean.

Divers reported that, from the 24 species commonly seen in the Mexican Caribbean,
only five shark and ray species are targeted for the diving industry in this region, but only
two have an established activity, the whale shark (Rhincodon typus) during summer and bull
shark (C. leucas) during winter. The whale shark was not reported by divers here, because
this species is observed mainly in the open sea during the aggregation season. The other
three species, namely the mako shark (I. oxyrinchus), the whitespotted eagle ray (A. narinari),
and the oceanic manta ray (M. birrostris), do not have a well-established activity and only
some diving centers offer interactions with these species on their websites for tourism.
Touristic activities, such as those performed with elasmobranchs in the Mexican Caribbean,
have the potential to gather information through citizen science programs. Due to this, some
of these species are the most studied in the Mexican Caribbean, and some citizen sciences
programs have already estimated population sizes through photo ID approaches [5].

Because sharks and rays are charismatic fishes, divers in the Mexican Caribbean have
showed high interest in participating in data collection for these species, but motivation
decreased with time and at the end only 20% of divers were actively sending their sighting
reports. Motivation is one of the hardest parts of the participation of citizen scientists
for long periods, as has been reported before [13]. We have highly motivated people that
signed up for our monitoring (90% of the interviewed divers) because sharks and rays are
charismatic species and the monitoring incorporated SCUBA diving activity. These two
points seem to increase the motivation of citizen scientists [13]. Motivating participants to
continue or expand their participation is often a greater challenge, as we observed in this
study. Other authors mention that this decrease in motivation occurred most of the time
when the project involves reporting ‘zero data’, which disengages the participants [13] and
is probably what happened in the Mexican Caribbean where the frequency of shark and ray
observations is very low. Despite this, we expect more participation and sighting reports,
with the participation of at least one diver in each location. This allows us to have data
from each location and to reduce the need for repetitive reports from the same individual
in the same area. So, we have reports from only one diver in one day in one diving site
and this reduces abundance overestimations of the species, data that we will analyze in
future publications.

The reduction in shark populations in the Caribbean has recently been documented
where most of the reefs in this region have been reported with a very low abundance of
sharks [23,25], as was seen in the Mexican Caribbean in the present study, based on the very
low number of sightings. Additionally, batoids were more frequently sighted (89%) than
sharks (11%). The prevalence of rays on coral reefs, as we found here, was also reported
in other studies [26] and may be related to the decrease of sharks on coral reefs due to a
trophic cascade [26–29]. However, further research is needed to make conclusive statements
about this phenomenon in the Mexican Caribbean. The most frequently reported ray in the
reefs was the spotted eagle ray (A. narinari), the southern stingray (H. americanus), and the
yellow stingray (U. jamaisensis). These species are common coral reef users and exhibit site
affinity, as other authors have demonstrated using conventional methods, such as BRUVS
and Photo ID, as well as citizen science methods [11,30–32]. In the Caribbean, the most
abundant shark species in the reef are the nurse shark (G. cirratum) and the Caribbean reef
shark (C. perezi) [22,30,33], as was found in the Mexican Caribbean based on the sighting
reports. Another species that was reported frequently on the reefs of the Mexican Caribbean
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was the great hammerhead shark (S. mokarran), as occurred in other reefs in this region
as in the Turks and Caicos [30]. This finding is of important regional concern since this
hammerhead species is considered Critically Endangered worldwide, so more data are
needed on the distribution and abundance of the species to improve the conservation
actions to preserve the population in the Mesoamerican reef.

Since 2005, there has been a growing demand for sharks and rays in tourist activities
worldwide [33–35], especially in the Mexican Caribbean, where the inclusion of shark and
ray species in local ecotourism packages has aroused greater interest in the conservation of
populations. Several authors have shown that elasmobranch populations can be affected by
anthropogenic activities, such as fishing and boat traffic [34,35], which can affect the degree
to which the species leave the areas and seek refuge in other regions [36]. The health of the
reefs also affects the abundance of reef elasmobranch species [37,38], which is important to
take into account, especially in the study area located within the Mesoamerican reef system.

The citizen science approach used here, based on the local ecological knowledge and
the participation of citizen scientists to collect data, was a valuable tool to collect baseline
data in the Mexican Caribbean. Our study provided important data about the diversity of
coastal elasmobranch species associated with coral reefs and their distribution. Information
about habitat use and the abundance of the species could also be collected and analyzed
using citizen science [16]. Our work offers a wide view of the population status and allowed
us to generate new hypotheses and gave us guidance for further research to improve the
conservation of this species in the region. Finally, citizen science is a useful tool to describe
important ecological patterns that might otherwise go unnoticed due to poor data or
insufficient timeframes [15,16]. This is of particular importance in the most vulnerable and
rapidly changing ecosystems that are also among the most data-poor regions, especially in
low, lower-middle, and middle-income countries, such as the ones in the Mesoamerican
reef region. Therefore, we conclude that the use of citizen science is a very useful tool to
generate valid long-term data on the most vulnerable elasmobranch species in countries in
which the financial investment in other monitoring methods is limited.

Author Contributions: Conceptualization, M.-d.-P.B.-P. and C.A.N.-T.; data curation, A.A.G., C.A.R.R.
and N.H.G.M.; formal analysis, M.-d.-P.B.-P. and C.A.N.-T.; funding acquisition, M.-d.-P.B.-P.; in-
vestigation, M.-d.-P.B.-P. and C.A.N.-T.; methodology, M.-d.-P.B.-P., A.A.G., C.A.R.R. and N.H.G.M.;
project administration, M.-d.-P.B.-P.; supervision, M.-d.-P.B.-P.; writing—original draft, M.-d.-P.B.-P.;
writing—review & editing, A.A.G., C.A.R.R., N.H.G.M. and C.A.N.-T. All authors have read and
agreed to the published version of the manuscript.

Funding: This work was supported by Consejo Nacional de Ciencia y Tecnología [grant number
Proyecto Cátedras 951, 2015]. From August to November 2018 the samplings in the North region
of the Mexican Caribbean were funded by the Comisión Nacional de Áreas Naturales Protegidas
(CONANP), Reserva de la Biosfera Caribe Mexicano [grant number PROMANP/MB/38/2018].

Institutional Review Board Statement: All activities were performed according to Mexican laws
and regulations. No animal manipulation was performed. No ethical conflicts exist in the realization
of this work.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data generated or analyzed during this study are included in this
published article.

Acknowledgments: We are so grateful to the dive centers and divers that supported us and were
part of the monitoring efforts along the coast of the Mexican Caribbean. We also thank Riu Hotels and
Resorts which provided us with housing support during our fieldwork. We want to acknowledge G.
Ochoa and K. Flowers who reviewed the early manuscript and made very helpful recommendations
for improving the English redaction and grammar, making it more readable. We are also grateful to
the anonymous reviewers that helped to improve this manuscript with their comments.

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2022, 14, 6490 9 of 10

References
1. Dulvy, N.K.; Pacoureau, N.; Rigby, C.L.; Pollom, R.A.; Jabado, R.W.; Ebert, D.A.; Finucci, B.; Pollock, C.M.; Cheok, J.; Derrick,

D.H.; et al. Overfishing Drives over One-Third of All Sharks and Rays toward a Global Extinction Crisis. Curr. Biol. 2021, 31,
4773–4787.e8. [CrossRef]

2. Carrillo-Briceño, J.D.; Carrillo, J.D.; Aguilera, O.A.; Sanchez-Villagra, M.R. Shark and Ray Diversity in the Tropical America
(Neotropics)—An Examination of Environmental and Historical Factors Affecting Diversity. PeerJ 2018, 6, e5313. [CrossRef]

3. Weigmann, S. Annotated Checklist of the Living Sharks, Batoids and Chimaeras (Chondrichthyes) of the World, with a Focus on
Biogeographical Diversity. J. Fish Biol. 2016, 88, 837–1037. [CrossRef]

4. Blanco-Parra, M.P.; Niño-Torres, C.A. Elasmobranchs of the Mexican Caribbean: Biodiversity and Conservation Status. Environ.
Biol. Fishes 2022, 105, 151–165, Erratum in Environ. Biol. Fishes 2022, 105, 345–350. [CrossRef]

5. Cerutti-Pereyra, F.; Bassos-Hull, K.; Arvizu-Torres, X.; Wilkinson, K.A.; García-Carrillo, I.; Perez-Jimenez, J.C.; Hueter, R.E.
Observations of Spotted Eagle Rays (Aetobatus narinari) in the Mexican Caribbean Using Photo-ID. Environ. Biol. Fishes 2018,
101, 237–244. [CrossRef]

6. Hacohen-Domené, A.; Martínez-Rincón, R.O.; Galván-Magaña, F.; Cárdenas-Palomo, N.; de la Parra-Venegas, R.; Galván-Pastoriza, B.;
Dove, A.D.M. Habitat Suitability and Environmental Factors Affecting Whale Shark (Rhincodon typus) Aggregations in the Mexican
Caribbean. Environ. Biol. Fishes 2015, 98, 1953–1964. [CrossRef]

7. Hacohen-Domené, A.; Martínez-Rincón, R.O.; Galván-Magaña, F.; Cárdenas-Palomo, N.; Herrera-silveira, J. Environmental
Factors Influencing Aggregation of Manta Rays (Manta birostris) off the Northeastern Coast of the Yucatan Peninsula. Mar. Ecol.
2017, 38, e12432. [CrossRef]

8. Zamora-Vilchis, I.; Blanco-Parra, M.D.P.; Castelblanco-Martínez, D.N.; Niño-Torres, C.A. Efectos Antropogénicos Sobre Las
Poblaciones de Megafauna Acuática Del Caribe Mexicano: Una Revisión Del Estado Del Arte. In Ecología y Conservación de Fauna
en Ambientes Antropizados; Ramírez-Bautista, A., Pineda-López, R., Eds.; REFAMA-CONACyT-UAQ: Queretaro, Mexico, 2018;
pp. 6–21. ISBN 9786075133478.

9. Blanco-Parra, M.P.; Niño-Torres, C.A.; Ramírez-González, A.; Sosa Cordero, E. Tendencia Histórica de La Pesquería de Elasmo-
branquios En El Estado de Quintana Roo, México. Rev. De Cienc. Pesq. 2016, 24, 125–137.

10. Marcos-Camacho, S.A.; Nalesso, E.; Caamal-Madrigal, J.A.; Fulton, S. Caracterización de La Pesquería de Tiburón En El Norte de
Quintana Roo, México. Cienc. Pesq. 2016, 24, 153–156.

11. Ward-paige, C.A.; Pattengill-semmens, C.; Myers, R.A. Spatial and Temporal Trends in Yellow Stingray Abundance: Evidence
from Diver Surveys. J. Appl. Phycol. 2011, 90, 263–276. [CrossRef]

12. Colton, M.A.; Swearer, S.E. A Comparison of Two Survey Methods: Differences between Underwater Visual Census and Baited
Remote Underwater Video. Mar. Ecol. Prog. Ser. 2010, 400, 19–36. [CrossRef]

13. Earp, H.S.; Liconti, A. Science for the Future: The Use of Citizen Science in Marine Research and Conservation. In YOUMARES
9—The Oceans: Our Research, Our Future; Springer: Cham, Switzerland, 2020; pp. 1–19. [CrossRef]

14. Devictor, V.; Whittaker, R.J.; Beltrame, C. Beyond Scarcity: Citizen Science Programmes as Useful Tools for Conservation
Biogeography. Divers. Distrib. 2010, 16, 354–362. [CrossRef]

15. Chin, A.; Pecl, G. Citizen Science in Shark and Ray Research and Conservation: Strengths, Opportunities, Considerations and
Pitfalls. In Shark Research: Emerging Technologies and Applications for the Field and Laboratory; CRC Press: Boca Raton, FL, USA, 2018;
pp. 299–317.

16. Ward-Paige, C.A.; Lotze, H.K. Assessing the Value of Recreational Divers for Censusing Elasmobranchs. PLoS ONE 2011, 6, e25609.
[CrossRef]

17. Araujo, G.; Legaspi, C.; Matthews, K.; Ponzo, A.; Chin, A.; Manjaji-Matsumoto, B.M. Citizen Science Sheds Light on the Cryptic
Ornate Eagle Ray Aetomylaeus Vespertilio. Aquat. Conserv. Mar. Freshw. Ecosyst. 2020, 30, 2012–2018. [CrossRef]

18. Davies, T.K.; Stevens, G.; Meekan, M.G.; Struve, J.; Rowcliffe, J.M. Can Citizen Science Monitor Whale-Shark Aggregations?
Investigating Bias in Mark-Recapture Modelling Using Identification Photographs Sourced from the Public. Wildl. Res. 2012,
39, 696–704. [CrossRef]

19. Basurto, M.; Zarate, E.; Escobedo, G. Tiburones y Rayas de Quintana Roo; Serie Cuadernos de Sian Kaan (8); Amigos de Sian Kaan:
Cancún, Mexico, 1996.

20. Schmitter Soto, J.J.; Vásquez Yeomans, L.; Aguilar Perera, A.; Curiel Mondragón, C.; Caballero Vázquez, J.A. Lista de Peces
Marinos Del Caribe Mexicano. An. Inst. Biol. Ser. Zool. 2000, 71, 143–177.

21. Brooks, E.J.; Sloman, K.A.; Sims, D.W.; Danylchuk, A.J. Validating the Use of Baited Remote Underwater Video Surveys for
Assessing the Diversity, Distribution and Abundance of Sharks in the Bahamas. Endanger. Species Res. 2011, 13, 231–243.
[CrossRef]

22. Pikitch, E.K.; Chapman, D.D.; Babcock, E.A.; Shivji, M.S. Habitat Use and Demographic Population Structure of Elasmobranchs
at a Caribbean Atoll (Glover’s Reef, Belize). Mar. Ecol. Prog. Ser. 2005, 302, 187–197. [CrossRef]

23. MacNeil, M.A.; Chapman, D.D.; Heupel, M.; Simpfendorfer, C.A.; Heithaus, M.; Meekan, M.; Harvey, E.; Goetze, J.; Kiszka, J.;
Bond, M.E.; et al. Global Status and Conservation Potential of Reef Sharks. Nature 2020, 583, 801–806. [CrossRef]

24. Davidson, L.N.K.; Krawchuk, M.A.; Dulvy, N.K. Why Have Global Shark and Ray Landings Declined: Improved Management or
Overfishing? Fish Fish. 2016, 17, 438–458. [CrossRef]

http://doi.org/10.1016/j.cub.2021.08.062
http://doi.org/10.7717/peerj.5313
http://doi.org/10.1111/jfb.12874
http://doi.org/10.1007/s10641-021-01203-7
http://doi.org/10.1007/s10641-017-0694-y
http://doi.org/10.1007/s10641-015-0413-5
http://doi.org/10.1111/maec.12432
http://doi.org/10.1007/s10641-010-9739-1
http://doi.org/10.3354/meps08377
http://doi.org/10.1007/978-3-030-20389-4_1
http://doi.org/10.1111/j.1472-4642.2009.00615.x
http://doi.org/10.1371/journal.pone.0025609
http://doi.org/10.1002/aqc.3457
http://doi.org/10.1071/WR12092
http://doi.org/10.3354/esr00331
http://doi.org/10.3354/meps302187
http://doi.org/10.1038/s41586-020-2519-y
http://doi.org/10.1111/faf.12119


Sustainability 2022, 14, 6490 10 of 10

25. Flowers, K.; Babcock, E.; Papastamatiou, Y.; Bond, M.; Lamb, N.; Miranda, A.; Nuñez, R.; Valentin-Albanese, J.; Clementi, G.;
Kelley, M.; et al. Varying Reef Shark Abundance Trends inside a Marine Reserve: Evidence of a Caribbean Reef Shark Decline.
Mar. Ecol. Prog. Ser. 2022, 683, 97–107. [CrossRef]

26. Sherman, C.S.; Heupel, M.R.; Moore, S.K.; Chin, A.; Simpfendorfer, C.A. When Sharks Are Away, Rays Will Play: Effects of Top
Predator Removal in Coral Reef Ecosystems. Mar. Ecol. Prog. Ser. 2020, 641, 145–157. [CrossRef]

27. Bond, M.E.; Valentin-Albanese, J.; Babcock, E.A.; Heithaus, M.R.; Grubbs, R.D.; Cerrato, R.; Peterson, B.J.; Pikitch, E.K.; Chapman,
D.D. Top Predators Induce Habitat Shifts in Prey within Marine Protected Areas. Oecologia 2019, 190, 375–385. [CrossRef]

28. Myers, R.A.; Baum, J.K.; Shepherd, T.D.; Powers, S.P.; Peterson, C.H. Cascading Effects of the Loss of Apex Predatory Sharks from
a Coastal Ocean. Science 2007, 315, 1846–1850. [CrossRef]

29. Grubbs, R.D.; Carlson, J.K.; Romine, J.G.; Curtis, T.H.; McElroy, W.D.; McCandless, C.T.; Cotton, C.F.; Musick, J.A. Critical
Assessment and Ramifications of a Purported Marine Trophic Cascade. Sci. Rep. 2016, 6, 20970. [CrossRef]

30. Bruns, S.; Henderson, A.C. A Baited Remote Underwater Video System (BRUVS) Assessment of Elasmobranch Diversity and
Abundance on the Eastern Caicos Bank (Turks and Caicos Islands); An Environment in Transition. Environ. Biol. Fishes 2020,
103, 1001–1012. [CrossRef]

31. Flowers, K.I.; Ajemian, M.J.; Bassos-Hull, K.; Feldheim, K.A.; Hueter, R.E.; Papastamatiou, Y.P.; Chapman, D.D. A Review of
Batoid Philopatry, with Implications for Future Research and Population Management. Mar. Ecol. Prog. Ser. 2016, 562, 251–261.
[CrossRef]

32. Flowers, K.I.; Henderson, A.C.; Lupton, J.L.; Chapman, D.D. Site Affinity of Whitespotted Eagle Rays Aetobatus narinari Assessed
Using Photographic Identification. J. Fish Biol. 2017, 91, 1337–1349. [CrossRef]

33. Topelko, K.N.; Dearden, P. The Shark Watching Industry and Its Potential Contribution to Shark Conservation. J. Ecotourism 2005,
4, 108–128. [CrossRef]

34. Clementi, G.; Babcock, E.; Valentin-Albanese, J.; Bond, M.; Flowers, K.; Heithaus, M.; Whitman, E.; van Zinnicq Bergmann, M.;
Guttridge, T.; O’Shea, O.; et al. Anthropogenic Pressures on Reef-Associated Sharks in Jurisdictions with and without Directed
Shark Fishing. Mar. Ecol. Prog. Ser. 2021, 661, 175–186. [CrossRef]

35. Healy, T.J.; Hill, N.J.; Chin, A.; Barnett, A. A Global Review of Elasmobranch Tourism Activities, Management and Risk. Mar.
Policy 2020, 118, 103964. [CrossRef]

36. Yates, P.M.; Tobin, A.J.; Heupel, M.R.; Simpfendorfer, C.A. Benefits of Marine Protected Areas for Tropical Coastal Sharks. Aquat.
Conserv. Mar. Freshw. Ecosyst. 2016, 26, 1063–1080. [CrossRef]

37. Ward-paige, C.A.; Mora, C.; Lotze, H.K.; Pattengill-semmens, C.; Arias-castro, E.; Myers, R.A. Large-Scale Absence of Sharks on
Reefs in the Greater- Caribbean: A Footprint of Human Pressures. PLoS ONE 2010, 5, e11968. [CrossRef]

38. Yates, P.M.; Heupel, M.R.; Tobin, A.J.; Simpfendorfer, C.A. Ecological Drivers of Shark Distributions along a Tropical Coastline.
PLoS ONE 2015, 10, e0121346. [CrossRef] [PubMed]

http://doi.org/10.3354/meps13954
http://doi.org/10.3354/meps13307
http://doi.org/10.1007/s00442-019-04421-0
http://doi.org/10.1126/science.1138657
http://doi.org/10.1038/srep20970
http://doi.org/10.1007/s10641-020-01004-4
http://doi.org/10.3354/meps11963
http://doi.org/10.1111/jfb.13452
http://doi.org/10.1080/14724040409480343
http://doi.org/10.3354/meps13607
http://doi.org/10.1016/j.marpol.2020.103964
http://doi.org/10.1002/aqc.2616
http://doi.org/10.1371/journal.pone.0011968
http://doi.org/10.1371/journal.pone.0121346
http://www.ncbi.nlm.nih.gov/pubmed/25853657

	Introduction 
	Materials and Methods 
	Study Area 
	Data Collection 

	Results 
	Local Ecological Knowledge 
	Sightings Report Program 

	Discussion 
	References

