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A B S T R A C T

Guatemala, situated in Central America along the eastern Pacific Ocean and the western Caribbean Sea, is a
major regional consumer of elasmobranch (shark and ray) meat during the Roman Catholic Lenten season.
Elasmobranch meat is supplied by a combination of domestic fisheries and imports. Despite being a component of
economic and nutritional security for local communities, fisheries and trade lack monitoring and management.
Limited information on species-specific landings and fisheries and trade supply chains is further complicated by
Guatemala’s bicoastal geography, which necessitates the separation of landings by geographic origin for robust
stock assessments and targeted management interventions. This study employs molecular techniques to identify
the species and, for the main species in trade, ocean basin provenance, occurring in meat samples collected from
domestic markets across Guatemala in 2022 as well as historical samples from 2016 and 2017. Successful genetic
testing of 370 meat samples identified 19 shark and ray species in the trade, including many threatened species,
as well as a significant proportion of species now listed under the Convention on International Trade in En-
dangered Species of Wild Fauna and Flora (CITES). It also revealed substantial (22%) mislabelling of teleost fish
as elasmobranchs. Pacific coast markets and the largest inland market (Guatemala City, the largest urban centre)
predominantly relied on domestic and imported landings from the Pacific coast, while Guatemala City also had
inputs from domestic and likely imported landings from the Atlantic coast. One Atlantic coastal market sampled
was exclusively supplied from that basin. Some imports of Pacific Ocean species are reported to CITES but there
is limited national management of pelagic and coastal shark and rays landings on the Pacific coast, which needs
to be rectified given the importance of these species and populations to elasmobranch meat consumption in
Guatemala. Better enforcement of CITES is required to ensure sustainable imports of Atlantic Ocean sharks, while
recent efforts to manage Atlantic domestic landings needs to be continued and likely expanded to promote
sustainability.

1. Introduction

Increasing market demand for shark and ray (“elasmobranch”)
commodities in conjunction with trade growth continues to mount
pressure on their populations worldwide (Jabado et al., 2015; Davidson
et al., 2016). Expanding markets create trade networks that enable
products to move “boat to plate”, i.e., from the point of capture to the
consumer, through supply chains (Mundy and Sant, 2015). While the
global trade in elasmobranch fins has been researched extensively

(Clarke et al., 2007; Fields et al., 2018; Cardeñosa et al., 2020, 2022),
markets for elasmobranch meat on global, regional, and domestic scales
remain poorly understood. However, trade in elasmobranch meat con-
tinues to surpass fins- both in terms of volume and value- contributing to
economic and nutritional security for a range of stakeholders in many
coastal areas of the world (Glaus et al., 2019; Niedermüller et al., 2021;
Seidu et al., 2022). Global elasmobranch meat trade networks are
complex, evolving and geographically dispersed, incorporating new and
less centralized supply chains with multiple domestic and international
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actors (Dent and Clarke, 2015). Transparency and traceability
throughout the supply chains can help ensure that trade is legal, pro-
tected species remain off the market and consumers can make informed
consumption choices (Fox et al., 2018; Niedermüller et al., 2021; Hasan
et al., 2023). Due to data paucity, countries often consolidate elasmo-
branch catch data into aggregated categories (such as sharks nei) when
reporting to the Food and Agriculture Organization of the United Na-
tions (FAO). Similarly, trade data gets consolidated under aggregated
commodity categories, combing various product types and species
(Musick and Musick, 2011; Dent and Clarke, 2015; Barone and Fried-
man, 2021; Fowler et al., 2021).This approach presents evident chal-
lenges in establishing traceability and distinguishing between fin and
meat markets. Furthermore, as an increasing number of shark species
are listed under CITES Appendix II, necessitating more transparency,
there is a growing imperative among Parties to establish reliable
species-specific catch and trade baselines.

Most coastal nations border one ocean and elasmobranch landings
are thus drawn from species and population(s) from that ocean. Some
Central American nations have both a Pacific and Atlantic coast, which
means fisheries landings can include Atlantic Ocean species, Pacific
Ocean species, and Atlantic or Pacific Ocean individuals of cosmopolitan
species. National level species-specific landings and trade information is
growing in the region, in part due to listing of many elasmobranchs on
CITES. However, bicoastal Central American nations have a need to
further separate species-specific landings to Atlantic Ocean or Pacific
Ocean populations to properly assess and manage their fisheries.
Guatemala exemplifies this scenario. Here, religious practices and culi-
nary traditions intensify demand for salt-preserved and fresh elasmo-
branch meat during the Roman Catholic Lenten season (Clementi et al.,
2020; Sabbagh and Hickey, 2020; Quinlan et al., 2021). The nation
meets this demand for elasmobranch meat with a combination of im-
ports in addition to their domestic artisanal elasmobranch fisheries
operating both in the Pacific Ocean and the Caribbean Sea
(Hacohen-Domené et al., 2020; Castillo and Morales, 2021; Sánchez
et al., 2023). The domestic market for elasmobranch meat in Guatemala
therefore is a combination of bicoastal domestic fisheries in addition to
international imports (Hacohen-Domené et al., 2020; Sabbagh and
Hickey, 2020; Castillo and Morales, 2021).

Despite significant consumption, elasmobranch meat trade remains
largely unmonitored and unregulated in Guatemala with very little in-
formation on species and quantities landed and traded. Vulnerability to
fishing is species-dependent, underscoring the need for species-specific
catch and trade data for successful management interventions and
conservation (Abercrombie et al., 2005; Clarke et al., 2006; Davidson
et al., 2016; Dulvy et al., 2017). Additionally, “DNA zip coding” (Fields
et al., 2020; Cardeñosa et al., 2020a, 2020b) can establish ocean basin
provenance of products, allowing bicoastal nations to identify critical
trade routes and tailor management decision-making for each exploited
population. This information is crucial for resource managers aiming to
establish legal, traceable, and sustainable trade practices. Silky sharks
(Carcharhinus falciformis), which are known to dominate landings on
both the Atlantic and Pacific coasts (Ixquiac Cabrera et al., 2009;
Hacohen-Domené et al., 2020), are a strong example to illustrate this
approach due to their cosmopolitan distribution.

To date, elasmobranch meat trade has been characterized using a
combination of survey methods (e.g. market, fisher knowledge, traders)
(Jabado et al., 2015; Karnad et al., 2020; Haque et al., 2021) and genetic
approaches to identify shark species and products that are morpholog-
ically difficult to identify (Liu et al., 2013; Almerón-Souza et al., 2018;
Wainwright et al., 2018; Pazartzi et al., 2019). Understanding domestic
markets for elasmobranchs in Guatemala has implications for the man-
agement of domestic fisheries, the implementation of and compliance
with international trade regulations such as CITES, and the conservation
of species supplying this demand. Using molecular techniques, the aims
of this study were to (1) establish a species-specific baseline for shark
and ray meat in domestic trade; (2) evaluate the conservation status of

species in the markets; and (3) assess the geographic origin of a key
species (silky shark, Carcharhinus falciformis) and relative contribution
of Atlantic and Pacific Ocean basins respectively.

2. Materials and methods

2.1. Sample collection and DNA extraction

Domestic fish markets selling shark meat in Guatemala were iden-
tified based on extensive preliminary work and recommendations from
our collaborators at Fundación Mundo Azul, who conducted ground-
work to pinpoint markets of significant scale. Six key cities with major
fish markets that received shark meat from landing sites and other local
markets from both the Atlantic and the Pacific were selected (Fig. 1).
This ensured an adequate bicoastal coverage of the pool of species that
are available to a domestic consumer in Guatemala. Markets were
defined as point of sale and therefore, included organized markets with
several shops in an area as well as independent vendors operating
outside such formal arrangements. Using convenience sampling, a form
of non-probability sampling to select participants (Newing et al., 2011),
researchers identified and sampled all available and willing vendors
selling shark meat products. The project purpose, along with anonymity
and confidentiality measures, was explained to the vendors. To avoid
sample redundancy and double-sampling, at each vendor we sampled
products sold as elasmobranch fillets that i) could be visually differen-
tiated from the others or, ii) were sold as different products (fresh versus
salted) or, iii) were specifically identified by the vendor as being distinct
(i.e. differently labelled). A total of 145 samples of fresh and salted
sharks and rays were collected from fish markets in Guatemala in April
2022. We also obtained samples collected non-probabilistically from
various additional markets and seafood gathering centers in Guatemala,
provided by collaborators at Fundación Mundo Azul. These included
146 samples from 2016 and 116 samples from 2017. All DNA samples
were procured and transported for laboratory analyses under appro-
priate research and export permits from Consejo Nacional de Áreas
Protegidas (CONAP) Guatemala #I_DRO-002–2021, Belize Fisheries
Department and approved animal care protocol exemption
#IACUC-21–071. Samples were preserved in 95% ethanol and then kept
in − 20̊ C until further analysis. Using 0.010 – 0.025 g of tissue, genomic
DNA was extracted from each sample. This was done using the Qiagen
DNAeasy tissue kit and following the manufacturer’s instruction for
animal tissue protocol (QIAGEN, Valencia, CA, USA).

2.2. Species identification (amplification, sequencing and alignment)

Following extraction, a 600–650 bp region of the mitochondrial cy-
tochrome c oxidase subunit I gene (COI) was amplified using universal
primers FishCoxI F (5’TCWACCAACCACAAGAYATYGGCAC3’) and
FishCoxI R (5’TARACTTCWGGGTGRCCRAAGAATCA3’), modified from
Ward et al. (2005). Each 25 µL Polymerase Chain Reaction (PCR)
included 0.5 μL of extracted DNA, 12.5 μL of GoTaq Hot Start Green
Master Mix (Promega, Madison, WI, USA), 10.5 μL of DNase/RNase-free
water (Fisher Scientific), and 0.75 μL of each forward and reverse
primers from a 10 μM stock solution. PCR was conducted with the
following thermal cycling profile: an initial denaturation at 94

◦

C for
2 min, followed by 35 cycles at 94

◦

C for 1 min, 52
◦

C for 1 min, 72
◦

C for
1 min, with a final extension at 72

◦

C for 10 min. PCR products were
checked for amplification on a 1.5 % agarose gel, purified using
ExoSAP-IT (ThermoFisher Scientific, Waltham, MA, USA) and
sequenced in both directions using the BigDye Terminator v3.1 Cycle
Sequencing Kit (ThermoFisher Scientific). Sequences were cleaned with
an ethanol precipitation and run on an ABI 3730xl DNA Analyzer
(Applied Biosystems). All forward and reverse sequences were reviewed,
edited manually and aligned using the MUSCLE algorithm in Geneious
v.3.6.1 (http://www.geneious.com). Using search algorithms, the
resulting sequences were used as queries against GenBank and BOLD
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online databases to identify the samples to species level. Species identity
was confirmed to the lowest taxon possible with a sequence similarity of
at least 99 %.

Batoid samples were reamplified for the mitochondrial NADH de-
hydrogenase subunit 2 gene (ND2) to get species-level resolution using
primers MetF (5′AAGCTYTTGGGCCCATACC3’) and TrpR (5’AGCTTT-
GAAGGCTTTTGGTYT3’) (Vella et al., 2017). Each 25 µL PCR included
2.0 μL of extracted DNA, 12.5 μL of GoTaq Hot Start Green Master Mix
(Promega, Madison, WI, USA), 8.5 μL of DNase/RNase-free water
(Fisher Scientific), and 1.0 μL of each forward and reverse primers from
a 10 μM stock solution. PCR had the following thermal cycling profile:
an initial denaturation at 95

◦

C for 5 min, followed by 28 cycles at 95
◦

C
for 45 sec, 54

◦

C for 45 sec, 72
◦

C for 1 min, with a final extension at 72
◦

C
for 15 min. Subsequent steps to establish species identity were identical
to the protocol outlined above, except using the MetF forward primer
and the TrpR reverse primer for sequencing. These sequences were also
identified using BLAST and species identity was confirmed to the lowest
taxon possible with a sequence similarity of at least 99 %.

2.3. Region of origin identification

To determine the provenance of the identified products two ap-
proaches were used. First, species were attributed to the Atlantic Ocean
or Pacific Ocean based on their known geographic range and

distribution- ‘ATL’ for species found exclusively in the Atlantic Ocean
basin, ‘PAC’ for species encountered exclusively in the Pacific Ocean
basin and ‘PAC/ATL’ for species that have a circumglobal distribution
and could be found in both the Atlantic and Pacific Ocean basins.
Geographic occurrence data for the species were derived from the most
recent assessments published in the International Union for Conserva-
tion of Nature (IUCN) Red List of Threatened Species.

The second approach employed population genetic analyses to
establish ocean basin provenance to the most encountered species in the
markets from our sampling- Carcharhinus falciformis (silky shark). A total
of 40 silky shark meat samples collected in 2017 and 2022 (current
study) were selected and used for sequencing ~1069 bp fragment of the
mitochondrial Control Region (CR) using external primers CR-F6
(5′AAGCGTCGACCTTGTAAGTC3′) and DAS-R2 (5′GCTGAA
ACTTGCATGTGTAA3′) (Clarke et al., 2015). Additionally, to sequence
through the entire mtCR and circumvent the issue of degraded genomic
DNA, a species-specific internal forward primer silkyCR_F2
(5′GATCAAACCTGACATTTGATTATGG3′) was used in conjunction with
DAS-R2 to amplify a short amplicon (~250–350 bp) within the mtCR
(Cardeñosa et al., 2020). Each 25 µL PCR included 1.0 μL of extracted
DNA, 12.5 μL of GoTaq Hot Start Green Master Mix (Promega, Madison,
WI, USA), 8.5 μL of DNase/RNase-free water (Fisher Scientific), and
1.5 μL of each forward and reverse primers from a 10 μM stock solution.
PCRs had the following thermal cycling profile: an initial denaturation

Fig. 1. a: Study area in Guatemala (Sampling locations: Puerto Barrios, Jalapa, Guatemala City, Chimaltenango, Zaragoza, Quetzaltenango); Fig. 1b: fresh and dried
shark meat being sold in Guatemala fish markets for Lent season in April 2022.
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at 94
◦

C for 2 min, followed by 35 cycles at 94
◦

C for 1 min, 55
◦

C for
1 min, 72

◦

C for 2 min, with a final extension at 72
◦

C for 5 min. PCR
products were checked for amplification on a 1.5 % agarose gel, purified
using ExoSAP-IT (ThermoFisher Scientific, Waltham, MA, USA) and
subsequently sequenced as described above using the primers used for
PCR. All forward and reverse sequences were reviewed, edited manually
and aligned using the MUSCLE algorithm in Geneious v.3.6.1 (http
://www.geneious.com).

All market-derived silky shark individuals were attributed a haplo-
type using MacClade (Maddison and Maddison, 2000). Previously
described haplotypes by (Clarke et al., 2015) were downloaded from
NCBI (Genbank Accession numbers KM267565–KM267626) and aligned
using the MUSCLE algorithm in Geneious v.3.6.1.Using all distinct silky
shark haplotypes, from Clarke et al. (2015) and this study, a statistical
parsimony network was constructed using the software TCS (Clement
et al., 2000), applying a 95 % confidence interval criterion to determine
plausible haplotype links. Relationships between haplotypes and their
geographic sampling locations were assessed based on the network
structure. Market-derived silky shark sequences from Guatemalan fish
markets were assigned to either the Atlantic or Indo-Pacific clade
depending on their position within the network. A mixed-stock analysis
(MSA) was then conducted to estimate the contribution of each source
population (Atlantic and Indo-Pacific) to the shark meat found in
Guatemala fish markets. Referencing the protocol from Cardeñosa et al.
(2020), haplotype frequencies from Clarke et al. (2015) and the fre-
quencies of those haplotypes in the Guatemala shark meat samples were
analysed with the R-package mixstock (Bolker, 2012) using Markov
Chain Monte Carlo (MCMC) estimation with 100,000 iterations
following a burn-in of 50,000. The Gelman and Rubin criterion was used
to assess convergence (Gelman et al., 2014)

3. Results

3.1. Species composition

Of the 407 meat samples processed (n = 146, 116 and 145 for 2016,
2017 and 2022 respectively), 352 samples were identified to the species

level (n = 121, 97 and 134 respectively), 18 samples were identified to
genus level (n = 5, 9, 4 respectively) and 37 samples did not amplify
(n = 20, 10, 7 respectively). COI and ND2 barcode sequences obtained
varied in length between ~600–650 bp and ~400–1000 bp respec-
tively. Sequences were not deposited on GenBank because it is circular
reasoning to identify the species using this tool and then add it to the
database without another independent means of species confirmation.
Sequences are available upon request from the lead author. Overall, our
study reported 19 species of sharks and rays spanning seven families in
Guatemala markets, in addition to several species of teleosts sold as
elasmobranch meat.

Within the 2022 sampling, both product forms – fresh and salted
elasmobranchmeat were accessible across vendors in Guatemala. A total
of 18 species were identified from the sampled meat products, this
included nine species of sharks, six species of rays and three species of
teleosts. The number of specimens by species ranged from one to 34. The
most commonly encountered elasmobranch species was Carcharhinus
falciformis (silky shark) (25 %) followed by Alopias pelagicus (pelagic
thresher shark) (12 %), Hypanus longus (longtail stingray) (5 %) Carch-
arhinus perezi (Caribbean reef shark) (5 %) and Ginglymostoma cirratum
(Atlantic nurse shark) (5 %) (Table 1). In 31 cases (22 %), incongruency
was observed between product sold and the species identified (i.e.,
mislabelling of teleost meat as an elasmobranch species). This included
Coryphaena hippurus (common dolphinfish), Istiophorus platypterus (Indo-
Pacific sailfish) and Makaira nigricans (blue marlin) sold as elasmo-
branch meat. Approximately 75 % of all samples consisted of species
listed in a threatened category by the IUCN Red List of Threatened
Species. Among the elasmobranch species identified, 3 % are Critically
Endangered (CR), 36 % are Endangered (EN), 45 % are Vulnerable (VU),
6 % are Near Threatened (NT) and 4 % are Least Concern (LC) (Fig. 2).
Geographically, markets sampled on the Pacific coast reported higher
frequencies of threatened species. 100 % of samples from Quetzalte-
nango, 91 % of samples from Jalapa and 79 % of samples species from
Chimaltenango are listed under a Red List threatened category (Fig. 3a).
Nine species encountered in the markets are currently listed under Ap-
pendix II of CITES (pelagic thresher shark, silky shark, Caribbean reef
shark, Carcharhinus limbatus (blacktip shark), Rhizoprionodon terranovae

Table 1
Species composition of elasmobranchs from key fish markets in Guatemala in 2022. Total number (n) and relative contribution (%) of species recorded in the study
with their IUCN Red List status and CITES listing, if any (CR: Critically Endangered; EN: Endangered; VU: Vulnerable; NT: Near Threatened; LC: Least Concern; DD:
Data Deficient).

S.
no.

Family Species Common name n Relative contribution
(%)

Region of Origin IUCN
status

CITES
listing

Sharks
1 Alopiidae Alopias pelagicus Pelagic thresher shark 17 12.32 PAC EN App. II
2 Carcharhinidae Carcharhinus falciformis Silky shark 34 24.64 PAC/ATL VU App. II
3 Carcharhinidae Carcharhinus limbatus Blacktip shark 3 2.17 PAC/ATL VU App. II
4 Carcharhinidae Carcharhinus perezi Caribbean reef shark 7 5.07 ATL EN App. II
5 Carcharhinidae Carcharhinus spp. Requiem sharks 1 0.72 ​ ​ App. II
7 Carcharhinidae Galeocerdo cuvier Tiger shark 2 1.45 PAC/ATL NT ​
8 Ginglymostomatidae Ginglymostoma cirratum Atlantic nurse shark 7 5.07 ATL VU ​
6 Carcharhinidae Rhizoprionodon

terraenovae
Atlantic sharpnose
shark

4 2.90 ATL LC App. II

9 Sphyrnidae Sphyrna lewini Scalloped
hammerhead

3 2.17 PAC/ATL CR App. II

10 Sphyrnidae Sphyrna tiburo Bonnethead shark 2 1.45 PAC/ATL EN App. II
Rays
12 Dasyatidae Hypanus americanus Southern stingray 1 0.72 ATL NT ​
13 Dasyatidae Hypanus guttatus Longnose stingray 3 2.17 ATL NT ​
14 Dasyatidae Hypanus longus Longtail stingray 7 5.07 PAC VU ​
15 Dasyatidae Hypanus spp. Stingrays 3 2.17 ​ ​ ​
16 Mobulidae Mobula mobular Spinetail devil ray 2 1.45 PAC/ATL EN App. II
17 Mobulidae Mobula thurstoni Bentfin devil ray 7 5.07 PAC/ATL EN App. II
11 Potamotrygonidae Styracura schmardae Atlantic chupare 4 2.90 ATL EN ​
Other Fish
18 Coryphaenidae Coryphaena hippurus Common dolphinfish 20 14.49 PAC/ATL LC ​
19 Istiophoridae Istiophorus platypterus Indo-Pacific sailfish 8 5.80 PAC/ATL VU ​
20 Istiophoridae Makaira nigricans Blue marlin 3 2.17 PAC/ATL VU ​
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(Atlantic sharpnose shark), Sphyrna lewini (scalloped hammerhead),
Sphyrna tiburo (bonnethead shark), Mobula thurstoni (bentfin devil ray),
Mobula mobular (spinetail devil ray)). The proportion of CITES-listed
species in the markets over time has increased from one in 2016 to
ten with the most current listings of elasmobranch species.

The 2017 samples were sourced from a combination of markets and
seafood gathering centres on the Pacific and the Atlantic coast of
Guatemala, as well as Guatemala City. The most frequently encountered
species was silky shark (17 %), longtail stingray (11 %), and pelagic
thresher shark (10 %). A total of 15 elasmobranch species were recorded
however, collectively, the frequency of individuals belonging to the
family Dasyatidae was the highest (including longtail stingray, Hypanus
americanus (southern stingray) and Hypanus guttatus (longnose sting-
ray)). Fifteen other teleost species were recorded, most notably Indo-
Pacific sailfish, blue marlin, Xiphias gladius (swordfish) and individuals
belonging to the family Sciaenidae (croakers) (Supplementary 1). Lastly,
samples from 2016 collected exclusively from markets in Guatemala
City were composed of 15 species of elasmobranchs with the most
frequently encountered species being silky shark (19 %) followed by
pelagic thresher shark (10 %) and longtail stingray (10 %). The presence
of scalloped hammerhead (CR) and great hammerhead (EN) was notable
although in relatively low numbers (Supplementary 1).

3.2. Provenance of Guatemala market-derived samples

A 1065–1067 bp fragment of the mtCR was successfully recon-
structed for all 40 silky shark individuals. The sequences resolved 66
total haplotypes including haplotypes from Clarke et al. (2015) defined
by 35 polymorphic sites (Supplementary 2). The frequency of each
haplotype in the various regions is shown in Supplementary 3.

The statistical parsimony network derived from the combined mtCR
haplotypes revealed two highly differentiated lineages separated by
strong phylogeographic patterning (Fig. 4). Barring the two novel hap-
lotypes in the Atlantic clade, all the analysed silky shark meat samples
from the fish markets in Guatemala fell within the Indo-Pacific clade. Of
the 40 analysed silky shark meat samples, four were assigned to the
Atlantic clade and 36 to the Indo-Pacific clade. Notably, all Atlantic
clade samples were sourced from Puerto Barrios on the Caribbean coast.
In total, four novel haplotypes were identified in the market-derived
samples: two in the Atlantic clade and two in the Indo-Pacific clade.
Because 30 market-derived samples exhibited haplotypes that were
common within the Indo-Pacific clade but have also been infrequently

reported from silky sharks caught in the Atlantic (Clarke et al., 2015),
their likely population-of-origin was assessed using MSA. Fig. 5a dem-
onstrates the shared haplotypes from Clarke et al. (2015) between the
Atlantic clade, the Indo-Pacific clade and the market-derived samples.
MSA results estimated a contribution of 1.95 % (97.5 % CI: 0.00, 8.90)
and 98.08 % (97.5 % CI: 91.08, 99.99) of the Atlantic and Indo-Pacific
populations respectively (Fig. 5b). All parameters converged based on
the Gelman and Rubin criterion (<1.2).

Linking the results for silky shark populations of origin with known
geographic ranges of other reported species in the market, Guatemala
fish markets were comprised of 24 % exclusively Atlantic Ocean species
(such as Caribbean reef shark, Atlantic nurse shark, longnose stingray
etc.), 35 % exclusively Pacific Ocean species (such as pelagic thresher
shark, longtail stingray) and 41 % species that have shared distributions
between ocean basins (such as Galeocerdo cuvier (tiger shark), bentfin
devil ray, scalloped hammerhead). There was a clear demarcation be-
tween markets on the Caribbean coast with Puerto Barrios reporting
87 % exclusively Atlantic Ocean species of which 100 % silky sharks
belonged to the Atlantic clade; and those on the Pacific coast such as
Chimaltenango reporting 58 % exclusively Pacific Ocean species
including 50 % Indo-Pacific silky sharks. In markets further inland such
as Guatemala City and Jalapa, Pacific Ocean species continue to domi-
nate the market indicating a relatively larger contribution to the
Guatemala shark meat markets collectively (Fig. 3b).

4. Discussion

4.1. Domestic trade of shark meat in Guatemala

Trade data can provide meaningful information to complement
available fisheries data furthering our understanding of consumption
within the supply chain. This additional perspective offers insights into
the commercialization of various species, thereby influencing consid-
erations for effective species management and conservation strategies.
This study is the first nationwide investigation into domestic trade and
consumption of elasmobranch meat in Guatemala. It revealed the
presence of 18 species of sharks and rays in key fish markets in
Guatemala in 2022, representing 35 % of all elasmobranch species re-
ported nationally. The species list assembled using genetic barcoding
concurs with the species lists derived from landings data from the
Atlantic and Pacific coasts of Guatemala, suggesting a strong domestic
fisheries input of elasmobranch meat into the Guatemala market

Fig. 2. Graphical depiction of the relative proportion of species in key fish markets in Guatemala, colours indicating IUCN Red List status and region of origin
denoted by ‘ATL’ for exclusively Atlantic Ocean species, ‘PAC’ for exclusively Pacific Ocean species and ‘PAC/ATL’ for circumglobally distributed species found both
in Atlantic or Pacific Oceans.
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Fig. 3. a: Map of sampling sites with pie charts representing relative contribution of species based on their IUCN Red List status; Fig. 3b: Map of sampling sites with
pie charts representing relative contribution of (i) exclusively Atlantic Ocean species, (ii) exclusively Pacific Ocean species, and (iii) circumglobal Atlantic or Pacific
Ocean species based on their geographic distributions and population genetic analyses (silky sharks only). Smaller pie charts represent silky shark ocean basin
provenance depicted separately for each market, where black = Pacific Ocean silky sharks, white = Atlantic Ocean silky sharks and grey = silky sharks of un-
known origin.
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(Ixquiac Cabrera et al., 2009, 2010; Hacohen-Domené et al., 2020;
Castillo and Morales, 2021; Sánchez et al., 2023).

Thirteen threatened species (defined as CR, EN, or VU under IUCN
Red List categories) were recorded in the domestic markets in
Guatemala in 2022, with higher frequencies of threatened species from
markets on the Pacific coast (100 % of reported species in Quetzalte-
nango and 71 % in Chimaltenango), including pelagic thresher shark,
silky shark, bentfin devil ray and longtail stingray. In comparison, 62 %
of the species in the market on the Atlantic coast (Puerto Barrios) were
threatened, including scalloped hammerhead (CR) and Styracura
schmardae (Atlantic chupare)(EN). More elasmobranch species are listed
on CITES at present than when sampling commenced in this study
(2016). If the species composition of 2022 holds true today, then over

half (58 %) of the products we sampled would have been from Appendix
II listed species. With such a large proportion of species consumed in
Guatemala now listed, we would expect most meat imports to be
documented by CITES in the future.

Thirty-one meat products (22 % of sampling effort) were mislabelled
as elasmobranch when they were teleosts. Instances of replacing low-
value species, such as croaker and pangasius, with high-demand, high-
value species like grouper have been previously reported (Fundación
Mundo Azul, unpublished data). Although the commercial harvest of
sailfish is restricted in Guatemala, our findings in the markets suggest
the presence of this species, indicating a potential concealment of legally
mandated catch-and-release species (Article 28 of the General Fisheries
and Aquaculture Law, Decree No. 80–2002) (MAGA, 2002). Traders and

Fig. 4. Statistical parsimony network with haplotypes connected at the 95 % confidence interval. Colors represent geographic sampling locations of silky sharks
(C. falciformis) haplotypes (Atlantic Ocean basin, Indo-Pacific Ocean basin, Guatemala markets). Size of each circle is proportional to the frequency of that haplotype.
Small solid black circles represent hypothetical haplotypes not sampled in this study with each connecting line between haplotypes represents one mutational step.

Fig. 5. a: Haplotype frequencies from Clarke et al. (2015) present in the Guatemala markets, the Indo-Pacific clade and the Atlantic clade. H1 * and H7 * represent
condensed groups of haplotypes that were not shared between the Indo-Pacific and Atlantic clades, respectively; Fig. 5b: Estimated contribution of each source
population to the Guatemala fish markets.
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consumers in Guatemala are often unaware of species in trade and solely
use certain physical characteristics, such as the colour of meat, to refer
to products. In the context of elasmobranchs, mislabelling can distort
our understanding of the abundance of sharks and rays in the market
wherein their apparent availability in the market may be misinterpreted
as a sign of low risk leading to complacency in conservation efforts.
Moreover, it can create a bias in public perception and attitudes hin-
dering advocacy efforts for conservation of at-risk species. If consumers
perceive sharks and rays as abundant and easily accessible, they are less
likely to exercise caution when purchasing these species in the market.
Addressing mislabelling in seafood supply chains is not just about pre-
venting economic fraud; it is also important for the effective manage-
ment and conservation of the species. Combating mislabelling can
ensure a more transparent and sustainable market while also fostering
support and awareness for the protection of vulnerable marine species.

Niedermüller et al. (2021) emphasize the importance of reporting
species-specific information at all stages of the supply chain. Building
species-specific baselines for elasmobranch meat in the markets is a key
step in refining commodity trade and tariff codes and establishing robust
traceability mechanisms. Even though it is a snapshot, these baselines
can be used for future monitoring and assessment to understand trends
over time and space. Ultimately, these baselines will assist in deter-
mining the relative importance of consumption as a threat to species,
trends in their exploitation and examining the role of fisheries and trade
regulations as an additional measure for elasmobranch conservation.

4.2. Synthesis of supply chains, with implications for management

The dual reliance on domestic artisanal fisheries and international
trade contributes to a complex market for elasmobranch meat in
Guatemala. We present a species-specific conceptual model of the supply

chains underpinning national elasmobranch meat consumption to
highlight where potential management interventions could be imple-
mented (Fig. 6).

Our data suggest that the largest input of elasmobranch meat into
Guatemala is from the Pacific Ocean, dominated by silky and pelagic
thresher sharks and coastal rays. This trend is reflected in proportionally
larger quantities of landings from the Pacific coast (Fundación Mundo
Azul, unpublished data). The CITES Trade Database documents sub-
stantial imports of silky shark meat (~15,000–25,000 kg per year
2019–2022) from Costa Rica, suggesting a combination of imports from
this Pacific-fishing neighbour and domestic Pacific landings is respon-
sible for the market dominance of this species. There are no reported
CITES imports of pelagic thresher shark meat, which could mean that
the landings of this species are all from domestic Pacific fisheries or
there is some illicit import occurring. Either way, Guatemala is also a
globally substantial exporter of dried fins to Hong Kong via El Salvador
for both species according to CITES. Import data from Hong Kong sug-
gests ~2000 to 8000 kg of fins annually between 2019 and 2022.
Meanwhile, Guatemala’s reported export quantities range from ~3500
to 20,000 kg per year during the same period (CITES Trade Database,
UNEP-WCM 2024). Meat from Pacific Ocean sharks and rays dominated
all markets along the Pacific coast (such as Quetzaltenango, Chimalte-
nango) as well as the most important inland market (Guatemala City).
Atlantic Ocean species and populations dominated the one surveyed
market on the Atlantic coast (Puerto Barrios), which consisted mostly of
fresh meat. Fresh meat is probably sourced mainly from the domestic
fishery; indeed, there are no recorded imports of CITES listed species
from Atlantic nations into Guatemala. Moreover, the Atlantic species
observed generally aligns with the species composition of landing site
surveys in the Guatemalan Caribbean (e.g., southern stingray, longnose
stingray, Atlantic chupare, Atlantic nurse shark, scalloped hammerhead)

Fig. 6. Model for bicoastal inputs into Guatemala shark and ray meat markets. Thicker arrows from the Pacific Ocean indicate a higher input from the Pacific Ocean
basin into Guatemala with limited national management for elasmobranchs operational on the Pacific coast. International trade (imports) from Belize and Costa Rica
indicated with brown arrows highlighting the need for better enforcement of CITES. Species ocean basin provenance (from this study) and inputs from domestic
fisheries (Hacohen-Domené et al., 2020; Castillo and Morales, 2021; Sánchez et al., 2023) versus transboundary trade from Belize (Quinlan et al. 2021) and Costa
Rica (CITES trade database) depicted by species illustrations.
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(Hacohen-Domené et al., 2020). The Caribbean reef shark, great
hammerhead and bonnethead shark are rare in domestic landings
(Hacohen-Domené et al., 2020). However, these species are important in
Belize landings (Quinlan et al., 2021), which is a known Atlantic input to
Guatemala through exports of salted shark meat from its domestic
fishery (Graham, 2007; Quinlan et al., 2021), as well as from illegal
transboundary fishing by Guatemalans in the Belize EEZ (Perez et al.,
2009; Wade et al., 2019; Baremore et al., 2021). Salted meat from these
species was found in Guatemala City, which suggests imported meat
from Belize that is known to be boat-transported to the coastal town of
Livingston in Guatemala is ultimately supplied to the larger inland urban
markets (Graham, 2007; Sabbagh and Hickey, 2020). For the 2021–22
shark fishing season in Belize, the selling price of exported salted shark
meat from Belize to Guatemala fluctuated between 15 and 33 Guate-
malan quetzales (~ 2–4 USD/lbs) (O. Faux & H.D. Martinez, personal
communication). Shark meat from Belize is exported as wet salted
(Graham, 2007), incurring extra expenses for drying, packaging, and
transportation before it reaches Guatemalan markets. This may explain
the higher market prices for salted elasmobranch meat domestically in
Guatemala, ranging from 25 to 150 Guatemalan quetzales per pound
(~3–20 USD/lb), contingent upon quality (D. Kasana, personal obser-
vation, April 2022).

The existing management measures for shark and ray fishing oper-
ations in Guatemala comprise a regional ban on shark finning, estab-
lished by the Central American Fisheries and Aquaculture Organization
(OSP-05–11) in 2011, which is unlikely to have high conservation po-
tential because of the value of shark meat in Guatemala. There is an
annual 1–3 month seasonal closure on the Atlantic coast (Acuerdo
Ministerial 42–2011; Acuerdo Ministerial 43–2012; Acuerdo Ministerial
33–2013). Moreover, Guatemala implemented the National Plan of
Action for Sharks, Rays and Chimaeras Guatemala (NPOA- Chon-
drichthyans Guatemala) in 2021, endorsed by the Ministry of Agricul-
ture, Livestock, and Food, overseeing DIPESCA (Acuerdo Ministerial
280–2021) (MAGA, 2021). However, the implementation of the NPOA
and the efficacy of limited management measures remains questionable.
Given the prevalence of threatened species in the market, the study
underscores the need for targeted management interventions and the
establishment of sustainable management practices. At present, the
artisanal fisheries operating from the Pacific coast of Guatemala are
conducted throughout the year in a largely unregulated manner without
permits from Guatemala’s Fisheries and Aquaculture Regulations
Department. Elasmobranchs are incidentally caught in substantial
quantities, and in contrast to the Atlantic coast, fishing communities
heavily depend on elasmobranch fisheries for a significant portion of
their income (Castillo and Morales, 2021). Therefore, fisheries man-
agement is needed for the threatened sharks and rays along the Pacific
coast, given their dominant contribution to the domestic markets and
importance for coastal livelihoods and food security. These recommen-
dations advocate for species-specific conservation strategies for highly
vulnerable species, the implementation of evidence-based fisheries
management measures, and an enhanced understanding of obstacles to
compliance. Additionally, it is crucial to enhance the enforcement of
international trade regulations, with a specific emphasis on CITES
compliance, particularly in the Atlantic region. This is especially perti-
nent within the context of the established trade route between Belize
and Guatemala (Sabbagh and Hickey, 2020; Clementi et al., 2020;
Quinlan et al.,2021), where nearly every species landed in Belize is now
listed on CITES and should be documented moving forward.

Effectively managing the fisheries that contribute to this trade re-
mains a persistent challenge in Guatemala characterized by notable
gaps. This study highlights the multifaceted nature of the Guatemalan
shark meat markets, emphasizing a need for re-evaluating existing
regulations, understanding hindrances to compliance, and facilitating
evidence-based management strategies. More generally, this study
highlights the usefulness of supplementing DNA barcoding of elasmo-
branch products with DNA “zip coding” techniques to identify important

trade routes and regions of concern. It builds baselines for species in the
domestic markets, sheds light on the relative contribution of the Pacific
and Atlantic coasts, and highlights management priorities. Ultimately,
by understanding the current state of the trade and its implications,
stakeholders, policymakers, and conservationists can develop targeted
interventions to promote sustainable practices for elasmobranch use in
Guatemala.
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