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Abstract

Between 2015 and 2025, a total of 124 deep-water chondrichthyan individuals were recorded in El Quetzalito, Guatemala,
through fishery-dependent monitoring (n=_86) and fishery-independent longline surveys (n=38), representing seven shark
species, one skate, and one chimaera. The gulper shark (Centrophorus granulosus) was the most recorded species across both
surveys, with females and immature individuals present among the captures. Catch per unit effort (CPUE) for C. granulosus
showed a decreasing trend in both monitoring approaches, underscoring the importance of continued monitoring to better
understand these patterns. Other species recorded included Hexanchus vitulus, Squalus cubensis, Neoharriotta carri, and
several rare or single-occurrence taxa. Fishery-independent data revealed species not seen in recent commercial landings,
such as S. cubensis, emphasizing the value of complementary survey methods to detect underreported taxa in artisanal fish-
eries. The predominance of mature females in commercial landings and immature individuals in research surveys suggests
differential spatial or behavioral patterns that may influence catchability. This study provides a baseline for understanding
deep-water elasmobranch diversity in the region and highlights the importance of combining fishery-dependent and fishery-

independent approaches to generate data on these little-known and vulnerable species.
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Introduction

Deep-water ecosystems are among the least studied envi-
ronments worldwide (Ramirez-Llodra et al. 2010; Costello
et al., 2017; Finucci et al. 2022, 2024). Despite increased
deep-water exploration and resource exploitation in recent
decades, scientific surveys remain limited, particularly in
remote regions, resulting in an incomplete understanding of
deep-water biodiversity (Danovaro et al. 2014; Miller et al.
2018; Finucci et al. 2022).

Deep-water species represent the most diverse yet under-
studied group among chondrichthyans (cartilaginous fishes,
including sharks, rays, and chimaeras) (Finucci et al. 2022).
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These species primarily inhabit depths exceeding 200 m
throughout their life cycle (Kyne and Simpfendorfer 2007).
Nearly half of all known chondrichthyan species are classi-
fied as deep-water species (Cotton and Grubbs 2015) and
given the vast unexplored regions of the deep sea, many
more are likely to remain undiscovered (Finucci et al. 2022).

Deep-water chondrichthyans play crucial ecological roles
by linking pelagic, mesopelagic, and benthic ecosystems
through trophic interactions. They prey on mesopelagic,
benthopelagic, and demersal fishes and invertebrates, while
some species also scavenge on marine mammals and dis-
carded fisheries catch, contributing to nutrient cycling in
deep-sea ecosystems (Cotton and Grubbs 2015; Kyne and
Simpfendorfer 2010; Pethybridge et al. 2012). Nevertheless,
despite their important role in maintaining ecosystem bal-
ance, deep-water chondrichthyans can be particularly vulner-
able to overfishing due to a combination of biological traits
and increasing fishing pressure in deep-sea habitats (Kyne
and Simpfendorfer 2010). Their life-history characteristics,
such as slow growth, late sexual maturity, low fecundity,
long gestation periods, and extended lifespans, are evolu-
tionary adaptations to the extreme conditions of the deep
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sea, including low temperatures, high hydrostatic pressure,
limited food availability, and the absence of sunlight, which
restricts primary production (Tyler et al. 2016; Finucci et al.
2022). For instance, species such as Centrophorus granu-
losus, Dalatias licha, and Deania calceus exhibit very low
intrinsic rates of population increase and are currently listed
as Vulnerable to Critically Endangered on the IUCN Red
List.

Additionally, they experience relatively low predation
pressure, with larger sharks as their primary natural preda-
tors. Their reproductive strategy, producing only a few off-
spring capable of reaching maturity, has been successful in
stable, predator-limited environments; however, it leaves
them highly susceptible to population decline under human
exploitation (Cortés, 2000; Rigby and Simpfendorfer 2015).
Deep-water chondrichthyans exhibit even lower productivity
than their coastal and pelagic relatives, making their pop-
ulations less resilient to fishing pressure and more prone
to depletion (Garcia et al. 2008; Simpfendorfer and Kyne
2009).

In recent decades, the expansion of deep-water fisheries
has significantly increased pressure on deep-water chon-
drichthyans, particularly in regions where bottom trawling
and bottom longlining are prevalent (Baremore et al. 2021;
Talwar et al. 2022). Many deep-water sharks are caught as
bycatch or targeted for their meat, liver oil, and fins, yet
their slow life cycles mean that even low levels of fishing
can cause severe population declines. Given their limited
capacity for recovery, continued exploitation without effec-
tive management could push many deep-water chondrich-
thyans toward extinction (Garcia et al. 2008; Simpfendorfer
and Kyne 2009).

In the review by Finucci et al. (2024), it was found that
most deep-water chondrichthyans (87.7%) are caught inci-
dentally in trawl, longline, and gillnet fisheries targeting
species such as grenadiers and hakes. Meanwhile, 11.6% of
deep-water chondrichthyans are directly targeted in fisheries.
However, targeted fishing is a major concern among threat-
ened species, affecting 35% of species, particularly those
from three families: gulper sharks, dogfishes, and hardnose
skates (Finucci et al. 2024). Bycatch in deep-water trawl-
ing and longline fisheries remains a significant conserva-
tion issue, often leading to population declines (Kyne and
Simpfendorfer 2010). Additionally, habitat degradation
and the expanding footprint of industrial fisheries further
threaten these species, highlighting the urgent need for
improved management and conservation strategies.

Although no published data are available describing a
direct expansion of Guatemalan Caribbean fisheries into
deep-sea habitats, regional studies indicate that similar
fisheries in the western Atlantic have increasingly shifted
to deeper waters following declines in coastal resources
(Baremore et al. 2021; Talwar et al. 2022). Based on these
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documented patterns, a comparable expansion may occur
in the Guatemalan Caribbean, particularly along the Cay-
man Trench. However, the extent to which local fisheries
may transition into deeper habitats remains largely unknown.
Artisanal fishers from El Quetzalito reported that deeper
fishing grounds yield higher catches of groupers and occa-
sional pelagic sharks, making these areas attractive; never-
theless, these observations should be interpreted as local
perceptions rather than evidence of a systematic expansion.

Since 2015, efforts led by the Blue World Foundation,
in collaboration with artisanal fishers, have resulted in the
documentation of at least eight deep-water chondrichthyan
species in Guatemalan waters. Notable among these are
Centrophorus granulosus (Endangered) and Dalatias licha
(Vulnerable), both species of conservation concern due to
their limited reproductive potential and susceptibility to
overexploitation. Other recorded species include Hexanchus
griseus, Heptranchias perlo, Squalus cubensis, Scyliorhi-
nus hesperius, Hexanchus vitulus, Cirrhigaleus asper, and
the chimaera Neoharriotta carri. Several of these represent
recent and significant findings for the country’s marine
fauna. For example, the first national records of S. hespe-
rius, H. perlo, N. carri, and H. vitulus were reported by
Hacohen-Domené et al. (2016a, 2016b), Polanco-Vasquez
et al. (2017), and Avalos-Castillo et al. (2020), respectively,
while D. licha and H. griseus were added to the list more
recently by Sanchez-Jiménez et al. (2024a, 2024b).

Although every year the Ministry of Agriculture, Live-
stock, and Food (MAGA), through the Directorate of Fish-
eries and Aquaculture Regulation (DIPESCA), establishes
a 4-month closed season for sharks and rays, the current
impact of fishing on deep-water chondrichthyans in the
region remains unknown due to the lack of species-spe-
cific monitoring and reporting. The main objective of this
paper is to describe the diversity and catch composition of
deep-water chondrichthyans in both fishery-dependent and
fishery-independent surveys conducted in the Caribbean of
Guatemala. This study aims to provide essential baseline
information to inform future conservation strategies and
enhance the management of these vulnerable and under-
studied species.

Material and methods
Study area

The study was conducted in the coastal community of El
Quetzalito (Fig. 1), located in the municipality of Puerto
Barrios, Izabal, Guatemala. Since 2015, Fundacién Mundo
Azul (Blue World Foundation) has been conducting chon-
drichthyan landing monitoring in this community. Recently,
in 2022, the organization initiated scientific longline surveys
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Fig.1 Study area in the Guatemalan Caribbean showing bathymetry
(m) and the location of the coastal community of El Quetzalito. The
inset map (upper left) indicates the location of Guatemala within

in the deep waters of Guatemala’s Caribbean territorial sea,
within the marine area of the Punta de Manabique Wildlife
Refuge (RVSPM), which borders El Quetzalito.

Fishery-dependent monitoring surveys

Local fishers and youth from El Quetzalito were trained to
conduct landing monitoring of chondrichthyans caught dur-
ing artisanal fishing operations. These monitors formed part
of a Citizen Science Program. Monitors recorded data on
species composition, specimen count, total length (1 cm),
fishing gear used, and the number of boats returning from
fishing trips each day. A total of 658 artisanal fishing trips
were recorded between February 2015 and April 2025, in
compliance with the closed season for sharks and rays. The
ban on shark fishing occurred from May to August, and the
ban on ray fishing occurred from June to September.

Catch per unit effort (CPUE) was calculated for each spe-
cies as the total number of individuals reported in a given
year divided by the total number of fishing trips conducted

Central America, while the main panel depicts the Caribbean Sea,
highlighting the deep-sea geomorphological features of the Cayman
Trench

that same year. Additionally, a global CPUE was calculated
by dividing the total number of individuals reported across
all years by the total number of fishing trips during the study
period. The monitoring program documented a total of 658
fishing trips during the study period; however, only the
350 bottom longline sets were included in the analysis, as
longlines operate in deeper waters than gillnets and therefore
provide a more reliable measure of encounterability with
deep-water chondrichthyan species. Each longline set is
deployed once per day and retrieved the following day, ena-
bling artisanal fishers to access deeper habitats where these
species may occur. The monitoring program operates daily
and provides coverage of three artisanal vessels.

Artisanal longlines consist of four polypropylene sections
(8 mm X425 m each), for a total length of 1500—1700 m,
and carry approximately 220 non-offset circle hooks (size
9/0). Lines are anchored at both ends and baited with shad
(Opisthonema spp.) or bonito (Sarda spp.). The operational
depth of the gear varies according to the target species: when
targeting pelagic sharks, fishers typically set the longline
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between 30 and 100 m, whereas when targeting deep-asso-
ciated groupers, the gear is deployed at depths exceeding
200 m. These deeper deployments increase the likelihood
of occasional interactions with deep-water chondrichthyans.
Although precise depth measurements are not available for
all commercial fishing trips, this operational range provides
an informative approximation of the depths at which indi-
viduals recorded in commercial landings were captured.

Fishery-independent monitoring surveys

Scientific longlines were deployed in collaboration with
local fishers at eight fishing sites within an area known by
El Quetzalito fishers as El Hoyo (The Hole) (Fig. 2). El1 Hoyo
is located within the Cayman Trench, which has the deepest
areas in the Caribbean. These surveys took place from Sep-
tember 2022 to April 2025, in accordance with the seasonal
fishing bans. A total of 75 scientific bottom longline sets

were deployed at depths ranging from 315 to 467 m across
22 scientific campaigns, with two to three sets deployed per
campaign depending on weather conditions. Captured indi-
viduals were handled following strict protocols to minimize
harm, as recommended by Protocol 16022 of the Institu-
tional Animal Care and Use Committee (IACUC, 2022).
Each shark was restrained in the water alongside the vessel
by three team members while its taxonomic identification,
sex, and total length were recorded, with total length meas-
ured using a measuring tape. For very large individuals (e.g.,
the ~4 m bluntnose sixgill shark, Hexanchus griseus), the
measurement may involve some approximation. The physi-
cal condition of each shark was also recorded at the time of
capture or release to document signs of stress or barotrauma,
which is particularly relevant for deep-water species.
Additionally, sharks were tagged with Floy tags to obtain
crucial data in the event of recapture by fisheries, such as
movement patterns, survival times, and growth rates. The
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Fig.2 Fishing areas for deep-water chondrichthyan species in the
Guatemala Caribbean. A Location of El Quetzalito (red triangle) and
approximate polygons representing the artisanal fishing grounds (blue
hatched area) and the fishery-independent survey area (black circle);
B closer view of El Quetzalito and the specific sites sampled during
the scientific surveys. At the bottom of the panel, a table summarizes
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the geographic coordinates and corresponding sampling depths for
each site; C locations where deep-water shark species were captured
during fishery-independent surveys, with different colors indicating
individual species. The symbols (legend) identifying each sampling
site correspond to those reported in the table shown in panel B
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CPUE was calculated for each species as the total number
of individuals recorded in a given year divided by the total
number of longlines deployed during that year. A global
CPUE was also calculated by dividing the total number
of individuals recorded across all years by the number of
longlines deployed throughout the study period.

We used different units of fishing effort for fishery-
dependent and fishery-independent surveys because effort
could be quantified at different levels of resolution. For
fishery-independent surveys, effort was precisely quantified
as the number of longlines deployed per year. In contrast,
during fishery-dependent monitoring, fishers used variable
numbers of longlines and sets per trip, and this information
was not consistently recorded. Consequently, the most reli-
able measure of effort available for fishery-dependent data
was the number of fishing trips. This methodological differ-
ence limits direct quantitative comparison of CPUE values
between monitoring approaches but reflects the highest-
quality effort data available for each dataset.

Taxonomic identification and biological features

All chondrichthyan specimens were identified to the species
level using standard taxonomic references, including Ebert
et al. (2021) and Castro (2011), which offer comprehensive
diagnostic keys, morphological descriptions, and distribu-
tional information for sharks, rays, and chimaeras. These
guides ensured consistent and accurate identification across
both fishery-dependent and fishery-independent records.
Size-frequency distributions were constructed for
the most frequently captured species, the gulper shark

Centrophorus granulosus, using data from both monitoring
approaches. Maturity status was assessed using established
morphological and size-based criteria. For males, individu-
als were classified as mature when claspers were fully cal-
cified and rigid, whereas uncalcified or partially calcified
claspers indicated immaturity, following the diagnostic crite-
ria described by Clark and von Schmidt (1965). For females,
maturity was determined using published size-at-maturity
values reported for each species, primarily based on Ebert
et al. (2021) and Castro (2011). To evaluate differences in
body size of C. granulosus between fishery-dependent and
fishery-independent surveys, a Student’s f-test was con-
ducted to compare mean total length between both groups.

Results and discussion

Between 2015 and 2025, a total of 124 deep-water chon-
drichthyan individuals were recorded in El Quetzalito
through both fishery-dependent landing monitoring (n = 86;
69.4%) and fishery-independent longline surveys (n=38;
30.6%) (Table 1). The dataset comprises seven shark species,
one skate, and one chimaera, reflecting the area’s remark-
able deep-water elasmobranch diversity and offering valu-
able baseline data for future conservation and management
efforts.

In the fishery-dependent surveys, the most landed species
was the gulper shark (C. granulosus), with 36 individuals,
representing 41.9% of the landing records. Of these, 58.33%
were classified as mature, and the average total length
was 131.1+29.2 cm. Females represented 97.22% of the

Table 1 Historical records (2015-2025) of deep-water chondrichthyans in El Quetzalito (N =124), resulting from fishery-dependent landing
monitoring (n=_86) and fishery-independent scientific longline surveys (n=38)

No. Species # Records Mean size+SD Size range (cm) % Maturity % Females IUCN status
(cm TL)
Fishery-dependent monitoring surveys
1 Centrophorus granulosus 36 131.1+£29.2 48.0-198.00 58.33 97.22 EN
2 Hexanchus vitulus 17 135.5+29.0 61.0-165.00 64.71 35.29 LC
3 Squalus cubensis 14 47.6+19.5 26.6-110.00 85.71 42.86 LC
4 Neoharriotta carri 12 78.5+18.1 46.4-109.00 83.33 75.00 NT
5 Cirrhigaleus asper 3 117.0+9.6 110.0-128.00 100.00 100.00 DD
6 Scyliorhinus hesperius 2 46.0+2.8 44.0-438.00 100.00 0.00 LC
7 Dalatias licha 1 142.00 N.A. 100.00 100.00 VU
8 Dipturus garricki 1 79.20 N.A. 0.00 100.00 LC
Fishery-independent monitoring surveys
1 Centrophorus granulosus 28 98.4+30.8 45.0-145.00 14.29 96.43 EN
2 Squalus cubensis 6 51.2+11.5 40.0-68.00 66.67 83.33 LC
3 Hexanchus griseus 3 343.3+66.6 300.0-420.00 33.33 100.00 NT
4 Hexanchus vitulus 1 155.0 N.A. 100.00 0.00 LC

TL,total length; N.A.,not available. Size range is listed as N.A. when only a single individual was recorded. IUCN status: EN, Endangered;
LC,Least concern; NT, Near threatened; VU, Vulnerable; DD, Data deficient
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individuals recorded, which may indicate sex-based spatial
segregation, habitat preferences, or behavioral patterns that
increase female catchability. This species is listed as Endan-
gered (EN) by the IUCN, and although its capture rate is
low, the fact that most individuals recorded were females
raises concerns about the potential vulnerability of its repro-
ductive population in the region. The Atlantic sixgill shark
(Hexanchus vitulus) followed with 17 individuals (19.8%
of landings), of which 64.71% were mature; however, only
35.29% were females. The Cuban dogfish (Squalus cubensis)
comprised 14 individuals (16.3%), with 85.71% classified
as mature and 42.86% identified as female. The dwarf sick-
lefin chimaera (Neoharriotta carri) was recorded 12 times
(14.0%), with 75% of the individuals mature and 83.3% of
the individuals being female.

Other species recorded in lower numbers include the
roughskin spurdog (Cirrhigaleus asper), with three mature
females; the whitesaddled catshark (Scyliorhinus hesperius),
with two mature males; the kitefin shark (Dalatias licha),
with one mature female; and the San Blas skate (Dipturus
garricki), represented by a single female. Despite their low
representation, the biological importance of these species
should not be underestimated. Deep-water elasmobranchs
exhibit traits such as slow growth, late maturity, low fecun-
dity, and long lifespans (Tyler et al. 2016; Finucci et al.
2022), making them particularly vulnerable to overexploi-
tation (Kyne and Simpfendorfer 2010). Consequently, even
infrequent captures can have a significant impact on their
population stability (Finucci et al. 2024).

In the fishery-independent scientific surveys, C. granulo-
sus was also the most caught species, representing 73.7% of
the total captures (28 individuals) (Fig. 2). However, in con-
trast to the fishery-dependent results, the majority (85.71%)
of these individuals were immature (Fig. 3), with a lower
average size (98.4+30.8 cm TL) and similar female-biased
sex ratio (96.43%). Additionally, the mean total length of
C. granulosus differed significantly between monitoring
approaches (t=4.33, df =62, P <0.0001), with individuals
recorded in the fishery-dependent surveys being larger on
average (131.1+29.2 cm TL) than those captured during the
fishery-independent surveys (98.4 +30.8 cm TL).

In the fishery-independent surveys, depth-related catch data
indicate that Site 6, at 428 m depth, yielded the highest num-
ber of individuals (N=13), followed by Site 5 at 442 m depth
(N=9). The remaining sites recorded catches of five individuals
or fewer, and no consistent pattern in catch abundance with depth
was evident. For example, some sites deeper than 400 m yielded
only one or two specimens, while two sites shallower than 400 m
recorded catches of three and four individuals (Fig. 2).

In terms of species composition, most C. granulosus were
captured at depths greater than 400 m, with the exception of
Site 4 (315 m), where four individuals were recorded. Most
S. cubensis were also captured at depths exceeding 400 m.
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Specimens of Hexanchus spp. were recorded across a depth
range of 308—442 m (Fig. 2).

The observed pattern, with more immature individuals
recorded in the fishery-independent surveys, may reflect
spatial segregation by age or sex. However, this possibil-
ity cannot be evaluated without clearer information on the
extent of overlap between the surveyed areas and the fishing
grounds. Current evidence suggests that the commercial fleet
operates across a wider and more variable area than that
covered by the scientific surveys, using fishing grounds that
only partially coincide with those sampled through fishery-
independent efforts, which underscores the need to better
quantify this spatial overlap.

Records of C. granulosus showed a gradual decrease in the
number of individuals recorded over the years in both moni-
toring methods (see Supplementary Materials S1 and S2). In
particular, fishery-independent data show a decrease in C.
granulosus CPUE across the years (Table 2), with catch rates
dropping from 2.00 individuals per set in 2022 to zero in 2025.

Similarly, fishery-dependent CPUE data (Table 3) show a
decrease in catch rates for C. granulosus. The global CPUE
for this species over the 11-year period was 0.103 individu-
als per fishing trip, with the most recent years showing near-
zero catch rates. While this pattern in the fishery-dependent
data may be influenced by a reduction in fishing effort, likely
driven by the declining profitability of deep-sea fisheries
and the limited market demand for deep-water shark prod-
ucts in the region, it may also reflect differences in the spa-
tial extent of fishing activities. The commercial fleet often
operates across a broader and more diverse area than that
covered by scientific surveys, exploiting shallower fishing
grounds not included in the fishery-independent sampling.
For instance, the fishing grounds used by the commercial
fleet may encompass, and even exceed, the areas surveyed
during scientific surveys.

Some studies have shown that the global decline in
chondrichthyan landings over the past few decades is more
strongly associated with sustained fishing pressure and eco-
system-related factors than with improvements in fisheries
management (Davidson et al. 2015). This highlights the
need to interpret local landing trends cautiously, as declin-
ing catches do not necessarily indicate a deterioration in
population status. In some cases, reduced catches may result
from effective management actions that limit fishing effort,
such as gear restrictions, seasonal closures, or reduced time
at sea, rather than from changes in the abundance of the spe-
cies. Distinguishing between these scenarios is essential for
accurately understanding catch trends in the region.

Squalus cubensis was the second most commonly
recorded species in the scientific surveys (Table 1), with six
individuals (15.8% of total captures), most of which were
mature, and 83.3% were females. Notably, this species had
not been recorded in fishery-dependent landings since 2019,
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but its consistent presence in longline sets from 2022 to 2025  Several factors may explain its apparent absence in recent
(Fig. 1; Supplementary Materials S1 and S2) highlights the  landing data. Although fishing activity in the western Atlan-
value of using complementary survey methods to better  tic has expanded into deep-sea habitats in recent years (Bare-
understand species persistence and community composition. more et al. 2021; Talwar et al. 2022), this expansion is not
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Table2 Annual and overall catch per unit effort (CPUE; individu-
als per longline set) of deep-water sharks recorded during fishery-
independent longline surveys in El Quetzalito (2022-2025). Numbers
in parentheses below each year denote the number of longline sets
deployed (total =75)

Species Year Overall
(75)
2022 2023 2024 2025
(5) B4 (6 (30)
Centrophorus granulosus 2.00 041 0.67 0.00 0.373
Squalus cubensis 0.00 0.15 0.17 0.00 0.08
Hexanchus griseus 0.20 0.03 000 0.03 0.04
Hexanchus vitulus 0.00 0.03 0.00 0.00 0.013

necessarily uniform across all regions or fisheries. In the
Guatemalan Caribbean, direct evidence of such expansion
is currently lacking. A recent decline in effort specifically
directed at certain deep-water species, combined with the
low or absent commercial value of some taxa, has led fishers
to release incidental catches alive, which may contribute to
their non-appearance in landings. Additionally, spatial seg-
regation may play a role, whereby individuals inhabit deeper
areas that are effectively sampled during scientific surveys
but are not regularly accessed by artisanal fishers. This calls
for further exploration through both scientific studies and
collaboration with local fishers to refine our understanding
of species distribution. These findings also emphasize that
fishery-independent surveys play a crucial role in identifying
species that may be underreported or entirely overlooked by
traditional landing monitoring in multi-gear and small-scale
fisheries.

Hexanchus griseus was represented by three individu-
als, the largest recorded in the entire dataset, ranging from
300 to 420 cm total length, although only one was mature.
Finally, a single mature male H. vitulus was recorded in
the scientific surveys. Although their presence was limited,
these findings complement the broader pattern observed
in the commercial landings and confirm the area’s role in
sustaining multiple little-known deep-water shark species
across life stages.

Table 3 Annual and overall catch per unit effort (CPUE; individuals
per fishing trip) for the four most recorded deep-water shark species
in artisanal landings monitored in El Quetzalito (2015-2025). Num-

While only a minority of species are currently listed as
Endangered, Vulnerable, or Near Threatened on the [UCN
Red List, deep-water chondrichthyans remain particularly
susceptible to population impacts due to their low reproduc-
tive rates, slow growth, and limited resilience. Even mini-
mal capture levels can have a disproportionate impact on
these species, and their localized declines often go unnoticed
due to data deficiencies and limited management attention
(IUCN Ssc Shark Specialist Group 2025). These features
underscore the need to reassess the risks faced by all deep-
water elasmobranchs, including those currently classified
as Least Concern.

In particular, the deep-water chondrichthyan species
recorded in this study exhibit highly variable depth prefer-
ences, which strongly influence their likelihood of interact-
ing with the artisanal longline fleet operating in the Guate-
malan Caribbean. Although several species include shallow
waters (< 100 m) within their overall distributional ranges,
many of the taxa reported here, such as S. hesperius, D.
garricki, N. carri, C. granulosus, and D. licha, are predomi-
nantly associated with deeper habitats. In particular, C. gran-
ulosus and D. licha are known to occur at depths exceeding
600 m and 200 m, respectively, and may extend into bathyal
zones reaching 1500-1800 m. These depth preferences sub-
stantially reduce their encounterability with most artisanal
fishing operations in the region.

Commercial longlines in El Quetzalito are generally
deployed in shallow waters (< 100 m), primarily targeting elas-
mobranchs and finfish species associated with the continental
shelf. Longline sets deployed for pelagic sharks typically oper-
ate between 30 and 100 m, resulting in minimal overlap with
deep-water species. Only when fishers target deep-associated
groupers do they deploy longlines beyond 200 m, creating
opportunities for interactions with deep-water chondrichthy-
ans. Indeed, the specimens of D. licha and D. garricki recorded
during this study were captured at approximately 280-334 m,
confirming that interactions occur only when fishing gear is
placed in deeper habitats. This mismatch between species’
depth distribution and fishing operations explains the overall
low frequency of deep-water species in artisanal landings and

bers in parentheses below each year denote the number of fishing
trips monitored (total =350)

Species Years Overall
350
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 (350)
(30) (41) (36) (34) 57) (25) (18) (33) (23) (40) a3
Centrophorus granulosus ~ 0.47 0.07 0.19 0.03 0.11 0.00 0.06 0.09 0.00 0.03 0.00 0.103
Hexanchus vitulus 0.03 0.02 0.08 0.06 0.05 0.04 0.06 0.00 0.09 0.03 0.15 0.049
Squalus cubensis 0.03 0.27 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.040
Neoharriotta carri 0.03 0.05 0.00 0.09 0.00 0.00 0.00 0.03 0.17 0.00 0.08 0.034
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highlights the limited catch susceptibility of many taxa to cur-
rent fishing practices in the region.

Environmental features of the study area also help explain
species occurrence patterns. El Quetzalito, located within
the Wildlife Refuge of Punta Manabique (Hacohen et al.,
2020), lies near the Cayman Trench. This deep-sea system
is the deepest feature of the Caribbean Sea, with depths
exceeding 6000 m and steep escarpments that bring deep
habitats relatively close to the continental margin (Donnelly
1994). The presence of Hexanchidae and other deep-sea spe-
cies along the Guatemalan Caribbean is likely facilitated by
this geomorphology. While oceanographic processes such as
thermocline shifts or seasonal currents may influence ver-
tical movements of deep-water species, no environmental
datasets are currently available to evaluate these potential
drivers for this region. The lack of oceanographic informa-
tion highlights a significant knowledge gap that warrants
further investigation.

Overall, the combination of depth-related ecological con-
straints, the limited overlap between species’ depth distribu-
tions, and fishing gear deployment explains the low catch
rate of deep-water chondrichthyans in artisanal landings.
Future research expanding fishery-dependent and fishery-
independent surveys will be essential to improve our under-
standing of the catch susceptibility of deep-water chondrich-
thyan species in the Caribbean waters of Guatemala.

From a management perspective, the results of this study
support the consideration of spatially based conservation
approaches as precautionary tools for deep-water chondrich-
thyans in the Guatemalan Caribbean. Although current catch
levels of deep-water species are low, it is known that even
limited fishing pressure could have disproportionate effects on
populations characterized by slow growth, late maturity, and
low fecundity. In this context, management actions should pri-
oritize prevention rather than reaction, particularly in regions
where deep habitats are accessible to artisanal fisheries.

One feasible option is the promotion of a Fish Replenish-
ment Zone (FRZ) encompassing deep-water habitats adja-
cent to El Quetzalito, particularly those associated with the
continental slope near the Cayman Trench. FRZs have been
applied in the Mesoamerican Reef region as locally man-
aged, no-take or low-impact areas that enhance ecosystem
resilience and protect vulnerable life stages without impos-
ing broad-scale fishing bans (https://marfund.org/en/fish-
replenishment-zones/).

In parallel, the study area meets several criteria for con-
sideration as an Important Shark and Ray Area (ISRA),
including the presence of threatened species, the capture of
immature individuals, and proximity to deep-sea geomor-
phological features that facilitate species occurrence. ISRA
recognition would not impose regulatory measures per se,
but would provide a science-based designation to support

conservation planning, prioritize future research, and inform
national and regional decision-making processes.

Conclusion

This study contributes valuable insights into the catch com-
position of deep-water chondrichthyan species in the Gua-
temalan Caribbean. Centrophorus granulosus, S. cubensis,
and H. vitulus emerged as the most commonly recorded spe-
cies, with differences in size and maturity stages between
fishery-dependent and fishery-independent data, highlight-
ing the varying population segments affected by different
monitoring strategies. Although deep-water chondrichthyans
are globally recognized as highly vulnerable to fishing pres-
sure, the low catch rates observed in this study should not be
interpreted as evidence of low population risk. Instead, they
likely reflect a combination of depth-related ecological con-
straints, limited overlap between species distributions and
artisanal fishing operations, and low commercial demand
for deep-water taxa. Consequently, current data do not allow
direct inference of fishing-driven population declines in the
Guatemalan Caribbean, underscoring the need for expanded
monitoring and environmental data to better assess long-
term impacts.
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