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Abstract Characterization of essential habitat for
sharks is a key requirement for effective conserva-
tion of shark populations. In Cuba, shark essential
habitat is largely undocumented. Here we present
the first study of a shark nursery area in Cuban
waters, for the lemon shark. Nursery areas for

lemon sharks are typically surrounded by man-
groves and contain sandy substrate where the
young can feed, grow, move, and eventually dis-
perse from the area. We conducted our study in
Cuba’s La Salina Wildlife Refuge during 2015–
2019, to understand the role this refuge might play
as a lemon shark nursery area, by documenting the
distribution and length structure of juveniles. Our
results indicate that juvenile lemon sharks are
present throughout much of the refuge with no
clear pattern of aggregation by size. The size
range of all juveniles captured was 39.8–
108.0 cm precaudal length (PCL) with a mode in
length-class 70.0–75.0 cm PCL. The mean size
and weight of all individuals during the study
period was 75.8 cm PCL and 5.5 kg, respectively.
We infrequently observed neonates in May, June,
and September with size range 39.8–55.5 cm PCL.
Enforcement of management regulations, difficult
access to the refuge for fishers and other user
groups, and isolation from human settlements are
factors that help maintain nearly pristine conditions
in La Salina Wildlife Refuge. The size/age struc-
ture of lemon sharks likely represents a population
unaltered by human influence. We recommend our
study be expanded to contribute to shark conser-
vation and management as outlined in Cuba’s Na-
tional Plan of Action for sharks.
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Introduction

Coastal sharks use geographically discrete areas where
pregnant females give birth to their pups (Castro 1993).
Bass (1978) classified shark nurseries into “primary
nurseries,” where pregnant females carrying full term
embryos, neonates, and young-of-the-year (YOY) are
found, and “secondary nurseries,”where juveniles older
than one year occur. Heupel et al. (2007) defined three
criteria for an area to be identified as a shark nursery: (1)
juvenile sharks are more commonly encountered in the
area than other areas; (2) juvenile sharks have a tenden-
cy to remain in or return to the area for extended periods;
and (3) the area or habitat is repeatedly used by juvenile
sharks across years. Many species of tropical sharks use
semi-enclosed bodies of shallow water such as bays and
estuaries with different habitat types (coral reefs, man-
grove forests, seagrass meadows, salt marshes, mud and
sand flats). Mangrove environments and seagrass
meadows are preferred habitat for some carcharhinid
sharks (White et al. 2004) while other coastal shark
species are adapted to use open systems such as bays,
river deltas, shallow beaches, and other coastal fringe
habitats (Branstetter 1990; Castro 1993).

Knowledge about characteristics of shark nursery
areas is mostly based on coastal species due to their
occurrence in bays, estuaries, river deltas, and shallow
coastal waters. In warm temperate to tropical regions,
these habitat types are often highly productive, semi-
enclosed systems, typically surrounded by mangroves,
sandbars or reefs (Castro 1993). The time young sharks
spend in nurseries depends on both biotic and abiotic
factors. Sharks abandon nurseries as larger juveniles,
often mixing with adults in deeper waters (Branstetter
1990). Despite the fact that fishermen have realized the
importance of specific essential fish habitat (EFH) for
centuries, scientific recognition of the importance of
habitat use of sharks by dates back only to the early
1990s, leading to a growing understanding of the roles
of EFH for conservation of shark populations
(Simpfendorfer and Heupel 2004). With this
awareness has come enthusiasm to protect those
marine areas that provide EFH for critical life
stages of depleted shark populations.

The lemon shark (Negaprion brevirostris) was first
described by the eminent Cuban ichthyologist Felipe
Poey more than 150 years ago as a species found in
Cuban waters (Poey 1868). It is a large coastal shark
with tropical distribution in the Atlantic Ocean,

Caribbean and Eastern Pacific. This species prefers
warm and shallow water habitats with sandy substrate
surrounded by mangroves (Morrissey and Gruber
1993a, b). Much of what is known about lemon shark
reproduction and nursery areas has resulted from long-
term studies in the Bahamas over the past four decades
(Kessel et al. 2016). The species is a viviparous
carcharhinid that uses coastal habitats to give birth and
provide food and protection from predators for the
young. As with most coastal sharks, lemon shark repro-
duction is seasonally synchronized with variation in
geographic regions. In the northwestern Atlantic, births
occur between April and July, and in the south-
western Atlantic, births occur between January and
April. Lemon sharks are born at 39–49 cm
precaudal length (PCL) after a prolonged gestation
of close to one year (Gruber and Stout 1983:
Brown and Gruber 1988, Freitas et al. 2006).

On the southwestern coast of Cuba, the La Salina
Wildlife Refuge is situated in the southern portion of the
Zapata Swamp National Park, just west of the Bay of
Pigs (Fig. 1). It is a desirable destination for recreational
fly fishing year-round. The main targets in this fishery
are bonefish (Albula spp.), tarpon (Megalops
atlanticus), permit (Trachinotus falcatus) and common
snook (Centropomus undecimalis). La Salina refuge is
overseen by the Empresa para la Conservación de la
Ciénaga de Zapata (Zapata Swamp Conservation Enter-
prise), which operates a field station there. Based on
casual observations by station technicians of small
sharks in the refuge, we conducted an exploratory sur-
vey to confirm the species and document the size and
distribution of these sharks. To understand the La Salina
estuarine area’s ecological aspects and its use as juvenile
habitat for the lemon shark, we sought to determine the
distribution and length structure of juveniles in the ref-
uge. The study was responsive to research needs spec-
ified in the National Plan of Action (NPOA) for sharks
in Cuba (PAN-Tiburones 2015), with a goal of
informing both fisheries management and conservation
initiatives for sharks in Cuban waters.

Materials and methods

Study area

La Salina is a 186 km2 estuary with characteristics
typical of a tropical estuarine system (Nagelkerken
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et al. 2008; Martínez-Daranas and Suárez 2018) and
with at least five openings into the Gulf of Cazones
and the Caribbean Sea (Fig. 1). The variety of bottom
habitat types in the estuary includes extensive sandbars,
open mangrove areas, rocky-bottom lagoons, and
sandy, muddy, and mixed bottoms (Ault 2008). Small
areas close to mangrove keys and shallows commonly
contain low algae coverage, dominated by genera
Acetabularia, Laurencia, Codium and Penicillus, and
coverage bymanatee grass Syringodium filiforme. In the
deepest areas close to openings on the southern border,
the bottom is dominated by turtle grass Thalassia
testudinum . Small keys with red mangroves
(Rhizophora mangle) comprise most of La Salina’s
southern border, with small, shallow lagoons. In this
area, tidal amplitude is low (25 cm max.), such that the
average depth of 49 cm in these small lagoons makes
them difficult to access, except for deeper channels on
the south side with average depth of 2.2 m. Fishing

inside the refuge is prohibited, except for the catch-
and-release recreational fly fishing, and other human
activity in the area is practically nonexistent.

Surveys

Surveys were conducted in La Salina during the period
of September 2015 to May 2019, using a 7 m outboard
fishing vessel towing a 3 m fiberglass boat. Different
hook-and-line methods were used to catch sharks, in-
cluding bottom longlines (LL), drumlines (DL), and rod
and reel (RR). Bait consisted of species found in the
area, mainly mojarra (Gerres cinereus), gray snapper
(Lutjanus griseus), grunts (Haemulon spp.), and great
barracuda (Spyraena barracuda). The longline
consisted of a 2 mm diameter monofilament mainline
of 380 m length anchored on both ends, with gangions
attached every 7 m. In total 50 gangions of 2 m length
were used. Each gangion of 5 mm diameter

Fig. 1 La Salina study area (red rectangle and inset) on the southwestern Cuban coast
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monofilament had a baited 10/0 circle hook (no wire
was used) and was attached to the mainline with a tuna
clip. Soak time varied from one to three hours with
periodic review of the gear to minimize mortality of
the sharks. If we observed a shark caught on the gear
before haulback time, we retrieved the shark immedi-
ately and rebaited the line. The drumlines consisted of a
concrete block to which a single baited 10/0 circle hook
on a 4 m monofilament line (200 pound-test) and a
buoyed line were attached. Rod and reel were used
opportunistically to catch lemon sharks when free-
swimming animals were seen close to the boat.
Drumlines were haphazardly set in the study area, while
bottom longlines were set along the borders of large flats
and across channels and deep openings. The positions of
sets were recorded by Garmin GPS 72H (start/end
points for longline sets, single locations for
drumlines and rod and reel) and mapped to visu-
alize sampling effort and catch as well as capture
and recapture positions.

Data collection and tagging

All live captured sharks were measured, sexed,
weighed, tagged, and released. Length measurements
included PCL, fork length (FL), total length (TL), and
stretch total length (STL). Neonates were identified by
the presence of an open umbilical scar; juveniles with
closed umbilical scars included post-neonatal young-of-
the-year (YOY) and larger juveniles. Each individual
was weighed with an electronic scale (LOADCELL-
OCS-03-L) and plastic net/stretcher. Live sharks smaller
than 100 cm TL were tagged before release with a
nylon-head dart tag; individuals larger than 100 cm TL
were tagged using a stainless steel-head dart tag (both
tags Hallprint Pty Ltd., South Australia). The tags were
inserted just below the first dorsal fin across the body
midline. Larger animals were also double-tagged with a
plastic Rototag in the first dorsal fin (Hueter et al. 2007).
Animals that did not survive capture were retained for
the teaching collection at the University of Havana’s
Center for Marine Research (CIM-UH).

Length analysis

Biometrics of lengths (PCL = a + bTL; TL = a + bPCL)
and length-weight (W = aTLb) were analyzed by linear
regression. Coefficients of the length-weight relation-
ship were obtained by least-squares regression to the

log-transformed data (logW = loga + b(logTL). The val-
ue of a was re-converted back with its antilogarithm
(10a). Logistical issues made regular monthly surveys in
all years impossible; therefore, lengths by month were
tabulated combining all years to analyze monthly
length-frequency distributions of individuals
inhabiting the refuge. Length and weight frequency
histograms were constructed to know the structure
of the individuals in the refuge during the study
period. The sex ratio was tested against a 1:1
expectation using a Chi-square test.

Results

Catch and distribution

During the 3.7 yrs. of the study we set 3012 hooks over
35 field days, consisting of a total of 271 sets comprising
57 longline, 202 drumline, and 12 rod and reel sets
(Fig. 2). All sets were made during daylight hours
except for two night sets. Two species of sharks were
caught, lemon sharks (101) and nurse sharks
Ginglymostoma cirratum (5). Teleost bycatch in-
cluded great barracuda Sphyraena barracuda,
Cubera snapper Lutjanus cyanopterus, and mutton
snapper Lutjanus analis.

The five nurse sharks were found only in deeper
waters (>200 cm) close to the openings that connect
the La Salina system to the deeper water of the Gulf of
Cazones. On the other hand, lemon sharks were cap-
tured mostly in the shallow waters of the coastal lagoons
and the margins of mangrove keys (<60 cm depth),
without showing evident patterns of size or sex distri-
bution. We captured only one lemon shark longer than
one meter (108 cm PCL, 130 cm TL), in the southeast
part of the area close to an opening to the Gulf. The
capture of this individual was consistent with local
fishing guide information that bigger sharks are spotted
in the deepest areas close to the entrances or channels on
the southern border.

Biometrics

The overall sex ratio of lemon sharks did not vary
significantly from the 1:1 expected ratio (41 females,
60 males, X2 = 3.574, P = 0.059). Results of a linear
regression for PCL = a + b(TL) was a = 2.25 (CI:-
0.05–4.55), b = 0.786 (CI:0.76–0.81) (r2 = 0.975,
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P < 0.0001, n = 100) and for TL = a + b(PCL) was a =
−0.55 (CI:-3.49–2.39), b = 1.239 (CI:1.20–1.28) (r2 =
0.975, P < 0.0001, n = 100). Sex was not a significant
factor among the smallest measured sharks (P = 0.715).
Length-weight relationship coefficients were a =
0.000102 (CI: 0.000048–0.000218), b = 2.496 (CI:
2.3162–2.676) (r2 = 0.94, P < 0.001, n = 49).

Length and weight structure

Despite the logistical challenges of conducting field
work in La Salina, all months but January, August and
October were represented in the samples (Table 1). The
overall length-frequency distribution of the total data
was bimodal, with modes ranging 70–75 cm PCL and
85–90 cm PCL. The mean size and weight of all indi-
viduals of lemon shark taken in La Salina during the
study period was 75.8 cm PCL (39.8–108 cm PCL, s.d.
= 14.13 cm, n = 101) and 5.5 kg (1.1–9.8 kg, s.d. = 2.27,
n = 50), respectively (Fig. 3). For neonates, mean length

and weight was 49.8 cm PCL (39.8–55.5 cm PCL, s.d. =
6.17, n = 8) and 1.5 kg (1.1–1.9 kg, s.d. = 0.267, n = 7),
respectively. Mean length and weight of non-neonate
individuals was 77.3 cm PCL ranging 41.5–
108.0 cm PCL (s.d. = 12.98 cm, n = 93) and
5.6 kg (1.4–9.8 kg, s.d. = 2.172 kg, n = 43), re-
spectively. Length and weight structure of lemon
sharks in La Salina is presented in Fig. 3.

Growth rate

During the period of the study, three recaptures were
obtained. The time at liberty, growth and growth rate of
these three tagged individuals were: 482 days, 25.5 cm
(62.0 to 87.5 cm PCL) and 19.31 cm year−1; 112 days,
5.5 cm (67.0 to 72.5 cm PCL) and 17.9 cm year−1; and
111 days, 5.8 cm (67.5–73.3 cm PCL) and
19.1 cm year−1. An additional recapture was reported
by a fisherman outside La Salina, but the information
provided on the recapture location and shark length was

Fig. 2 Positions of sets for the survey for the entire study period (●). Sets with capture of at least one lemon shark (○). Red square shows the
location of La Salina ecological field station

Environ Biol Fish (2020) 103:1583–1594 1587



unreliable. Information on the tagging and recaptures is
summarized in Table 2. When comparing the lengths of
the entire sample of the study period (2015–2019) with
the sizes of the individuals when they were tagged and
recaptured, variations in total growth can be seen
(Fig. 4). That is, the shark that was tagged in December
2015 and recaptured in April 2017 grew 25 cm (Fig. 4,
label A→ B), whereas the two sharks tagged in
March 2018 and recaptured in June of the same year
(Fig. 4 label C→D) grew just over 5 cm (Table 2).

Discussion

Knowledge on shark nursery areas has affirmed their
critical role in providing protection from predators and
as feeding habitats for early life stages (Heupel and
Hueter 2002; McCandless et al. 2007). The habitat for
juvenile lemon sharks in La Salina is consistent with the
conventional description of this species’ nursery areas,
which include shallow and semi-enclosed marine/
estuarine systems that have been extensively document-
ed mainly in the Bahamas (Gruber et al. 1988;
Morrissey and Gruber 1993a, b) and areas of the South-
west Atlantic (Tavares et al. 2016).

In our study, surveys were made in different parts
of La Salina and we found no clear evidence that
large individuals remain close to channels
connecting to outside the estuary (Fig. 2). Based
on the shape of the right side of the length-distribu-
tion, lemon sharks >75 cm PCL appear to move in
and out of the estuary. Hueter et al. (2007) observed
that blacktip sharks (Carcharhinus limbatus) of
Yalahau Lagoon, Mexico were found in swirls of
turbid water in the central and western open parts of
the lagoon. Heupel and Hueter (2001, 2002) found
that blacktip sharks born in spring in Terra Ceia
Bay, FL are concentrated near the bay’s closed
end, enlarging their perimeter of the system by the
summer. In contrast, Duncan and Holland (2006)
did not find a clear pattern of scalloped hammerhead
(Sphyrna lewini) distribution in a Hawaii nursery
area. They found young hammerheads tend to return
to core areas after patrolling extensive zones with no
clear pattern of habitat use during their early growth.
The aggregation, distribution and habitat use of
sharks in their nurseries apparently depend on spe-
cies’ lifestyle and growth rate, which ultimately is
related to the ability of individuals to feed before
leaving the nursery area.

Table 1 Length-frequency distribution of captured lemon sharks (Negaprion brevirostris) by month. The number of neonates in a given
month are shown in parentheses. No sampling effort during January, August and October

PCL Month

(cm) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

35 – 40 1(1) 1

40 – 45 4(2) 4

45 – 50 1 1

50 – 55 (3) 1 4

55 – 60 (1) 2(1) 1 4

60 – 65 2 2 1 2 3 10

65 – 70 3 4 1 1 3 1 1 14

70 – 75 1 4 5 3 8 1 22

75 – 80 3 2 2 3 1 2 13

80 – 85 1 1 1 3 6

85 – 90 2 4 1 2 1 1 1 12

90 – 95 1 1 1 3

95 – 100 1 2 3

100 – 105 1 1

105 – 110 1 1 1 3

Total 9 13 13 13 24 6 5 4 14 101
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Length frequency

Although at any given time there was a mixture of
cohorts of several years in the La Salina nursery area,
the size distribution showed a prominent mode in length

class 70–75 cm PCL and weight interval 4.0–4.5 kg
(Fig. 3). Tavares et al. (2016) reported a right-skewed
length-frequency distribution for the lemon shark in Los
Roques Archipelago National Park, Venezuela with a
mode in length class 52.2–56.2 cm PCL. Comparisons
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of our study with other areas is complicated by several
factors. For instance, in the case of Los Roques, current
or past fishing pressure adjacent to the nurseries with
size-selective mortality by fishing gear could influence
the shape of the size distribution in that location. Due to
the lack of human interaction and no fishing mortality in
our study area, we hypothesize that the length distribu-
tion observed in La Salina is unbiased and probably
represents the natural size structure of individual juve-
nile lemon sharks in the nursery. Neonates in the present
study were uncommon, possibly because these small
sharks were seen to remain around mangrove roots
and were unavailable to our fishing gear. Size of neonate
lemon sharks from our study ranged 39.8–55.5 cm PCL
(n = 8), which overlaps with the size ranges 41.55–
49.41 cm PCL (50–60 cm TL) reported for the Bahamas
(Gruber and Stout 1983), 50.2–53.34 cm PCL (61–
65 cm TL) for Florida Bay and Biscayne Bay in
US waters (Castro 1993), and 44.14–52.91 cm
PCL (54.9–65.9 cm TL) for Los Roques National
Park, Venezuela (Tavares et al. 2016).

Based on previous studies of lemon sharks in the
Bahamas (Brown and Gruber 1988), it was possible to
incorporate information for modeling growth (i.e. aver-
age birth month, size at birth) at La Salina. Although the
four recaptures were not sufficient to be conclusive on
growth, it is useful information to visualize the growth
pattern in La Salina and compare estimated lengths with
studies in other areas (Brown and Gruber 1988). We
adopted a procedure to estimate mean birth length and
the growth coefficient (Lo = 47.9 cm PCL and k =
0.042−1), keeping fixed the value of L∞ = 318 cm PCL
taken from the literature, allowing us to determine the
preliminary growth rate of young lemon sharks in La
Salina.

Growth parameters reported for lemon sharks in the
Bahamas by Brown and Gruber (1988) are (to = −2.302,
cm PCL, k = 0.057−1, L∞ = 318 cm PCL were Lo = 39.1)
with an average growth rate per year of 14.22 cm.
Although the estimated average growth rate was slightly
lower for La Salina (10.47 cm/yr) than for the Bahamas
(14.22 cm), average increments of predicted lengths from
age-0 to age-4 were similar at 69.4 cm (88.7–44.5 cm)
and 68.3 cm (96–39.1 cm), respectively. Another growth
rate for the lemon shark was estimated by Morrissey and
Gruber (1993a), who reported a mean PCL growth rate of
6.7 cm year−1 from seven juvenile lemon sharks at
Bimini, fitted with internal telemetry transmitters. Juve-
niles with Passive Integrated Transponder (PIT) tags inT
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that same location have shown PCL growth rates of
6.0 cm year−1 (Barker et al. 2005). At Marquesas Keys
in Florida; however, the mean ± S.D. growth rate for
juvenile lemon sharks, also tagged with PITs, was
17.1 ± 4.3 cm year−1 in PCL (Manire and Gruber 1991),
closer to the rate of 19.5 ± 2.7 cm year−1 obtained in the
Atol das Rocas Biological Reserve, Brazil. Barker et al.
(2005) also reported relatively high growth rates
(~20.0 cm TL/year) for juveniles of this species in
Marquesas Keys, FL, although the sample size in that
study was very small. In contrast, Henningsen and
Gruber (1985) and Barker et al. (2005) reported lower
values of early growth rates, for instance, around 8.0 cm
TL/year for the lemon shark in Bimini.

Our study was based on an extremely small sample
size, somore research is needed on juvenile lemon shark
growth in La Salina. Some studies suggest that differ-
ences in young shark growth rates are strongly related to
human influence, causing degradation of the mangrove
and seagrass ecosystems and pollution of the seawater
(Tavares et al. 2016). These threats, together with dif-
ferences in temperature, abundance, quality and

availability of prey, and level of competition and preda-
tion, may negatively affect the growth of juvenile
sharks, as well as their survival and recruitment
(Barker et al. 2005; DiBattista et al. 2011). Particularly
for the inshore lemon shark, lunar phases and tidal
influences may play an important role in food availabil-
ity, affecting growth rates (Brown and Gruber 1988). In
addition, it has been reported that the use of convention-
al external tags might reduce the growth of neonate and
juvenile lemon sharks by 10–50%, when compared with
animals tagged with PIT tags (Freitas et al. 2006).

Protected areas for sharks in Cuba

Marine protected areas (MPAs) are a widely used tool
for preservation of biodiversity, for restoration of dete-
riorated areas and fisheries (Kelleher 1999; Roberts and
Hawkins 2000; Salm et al. 2000), and more recently, as
a strategy for protecting threatened and endangered
shark and ray populations (Davidson and Dulvy 2017;
Mackeracher et al. 2019). MPAs for sharks may range
from small coastal areas to vast MPAs that cover both
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Fig. 4 Individual monthly lengths of young (○) and neonate (+)
lemon sharks (Negaprion brevirostris) documented during the
study period (2015–2018) in La Salina (n = 101). Overlapped are
lengths of tagged/recaptured individuals (●) suggesting a consis-
tent pattern of growth. Arrows (solid line) represent the connection
of actual individuals tagged and recaptured. The individual tagged
(62 cm PCL) in December 2015 (A) was recaptured (87.5 cm

PCL) on April 2017 (B). Average of two individuals tagged (67
and 67.5 cm PCL) on March 2018 (C) were recaptured (72.5 and
73.3 cm PCL) on June 2018 (D). Dashed line is in relative position
and presumably represents the general pattern of growth of lemon
sharks in the nursery ground in La Salina. (Data of tagged and
recaptured from Table 2). January =1
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coastal and pelagic zones (Davidson 2012; Dulvy
2013). Although the establishment of shark sanctuaries
worldwide has increased since 2015, and 29% of the
total protected ocean area has been designated exclu-
sively for shark conservation, there is still great uncer-
tainty about which shark and ray species can benefit
from large-scale space protections (Davidson and Dulvy
2017; Mackeracher et al. 2019). In 2013, Cuba declared
84 protected natural areas, many of which included
marine territory (CNAP 2013). Of these areas, nine
belong to the National Park category. This category of
protected area is the second strictest in Cuba and corre-
sponds to IUCN Category II. Zapata Swamp is a Na-
tional Park that includes La Salina Wildlife Refuge, and
was also designated as a Biosphere Reserve in 2000
(IUCN Category VI) and Ramsar Site (2001). The
swamp comprises a total of more than 4000 km2 and
is the largest, best-preserved wetland in the Caribbean.

Some studies have found that smaller-scale MPAs have
benefited certain inshore shark species. For instance,
Espinoza et al. (2014) found that the relative abundance of
sharks was significantly higher in non-fished sites of the
Great Barrier Reef Marine Park, highlighting the conserva-
tion value and benefits of the potentially no-fishing areas as
tools of MPAs. Caribbean reef sharks (Carcharhinus
perezi), which exhibit high site fidelity at Glover’s Reef
Marine Reserve, Belize (Bond et al. 2012), had a stable
population within this area for more than a decade, which
suggests that marine reserves can be an effective conserva-
tion tool for reef-associated shark species (Bond et al. 2017).
Despite this, mobility and the migratory nature of some
shark speciesmay limit the utility ofMPAs, but the potential
effectiveness of spatial protection may be enhanced in
various ways (Acuña-Marrero et al. 2017). For example,
although most MPAs do not cover a shark species’ entire
home range, benefits may still arise if core habitat use areas,
especially those that support key life stages or functions
(e.g., breeding, feeding, and gestation), are protected
(Hooker et al. 2011). Current studies suggest that MPAs
are likely to be site- and species-specific, with species that
are reef-attached or philopatric to certain areas benefiting
most from zones prohibited to fishing, even for some
species that are highly migratory (Feldheim et al. 2002;
Acuña-Marrero et al. 2017).

The topography, phenology and oceanographic char-
acteristics of La Salina Wildlife Refuge provide essen-
tial habitats for many species of crustaceans, fishes,
birds, and mammals, as well as the critically endangered
Cuban crocodile, Crocodylus rhombifer (Ruiz-

Plasencia 2017). Although Cuba does not have a spe-
cific MPA for elasmobranchs, the Cuban NPOA-Sharks
began the process of recognizing and studying critical
habitats for sharks in Cuban waters. Our data demon-
strate that La Salina serves as a primary nursery for
lemon sharks according to accepted definitions of shark
nursery areas (Branstetter 1990; Castro 1993; Heupel
et al. 2007). With strong enforcement of refuge regula-
tions, difficult access (being surrounded by a swamp),
and isolation from human population centers, the lemon
sharks of La Salina represent early life stages that likely
are unaltered by significant human impacts.

It has been recognized and is intuitive that the iden-
tification and protection of nursery areas is a key ele-
ment in the conservation of shark population and man-
agement of sustainable shark fisheries (Heupel et al.
2007). Despite this, shark populations also depend on
other factors, such as life history traits, demography,
food abundance, predation risk, and physical features
of the environment, to thrive (Heithaus 2007; Cortés
2002, 2007). Our study is the first published research
to focus on a shark nursery area in Cuba. It is our hope
that this work will lead to further research on other
nursery areas in Cuban waters, thereby contributing to
nationwide efforts to conserve sharks and manage shark
fisheries, as outlined in Cuba’s NPOA-Sharks.
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