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Abstract

The scalloped hammerhead (Sphyrna lewini) is the shark most frequently landed in

Guatemalan artisanal fisheries. From 2017 to 2023, fishery-dependent monitoring

recorded 10,000 individuals across three fishing communities. Neonates represented

the largest proportion (n = 5860), followed by young of the year (YOY, n = 3929)

and significantly fewer juveniles (n = 183) and adults (n = 28). Seasonal patterns

were evident, with neonates (84%) and YOY (67.5%) peaking between May and

August. The data suggest that neonates and YOY are prevalent seasonally and annu-

ally in the three coastal areas.
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The scalloped hammerhead, Sphyrna lewini (Griffith & Smith 1834),

was recently reassessed as Critically Endangered by the IUCN (Rigby

et al., 2019) and listed in CITES Appendix II (CITES, 2019). This spe-

cies is the most frequently caught shark in Guatemalan Pacific waters,

raising significant concerns as neonates and early juveniles have his-

torically been captured in coastal areas (Avalos-Castillo & Santana-

Morales, 2021; Ruíz Alvarado & Mijangos López, 1999; Ixquiac

Cabrera et al., 2009). Avalos-Castillo and Santana-Morales (2021)

observed the persistent presence of early life-history stages from

2017 to 2020, suggesting that these coastal regions may fulfil the cri-

teria Heupel et al. (2007) established for identifying shark nursery

areas.

Unfortunately, these areas are also important fishing grounds. For

instance, artisanal fishing activities in the Guatemalan Pacific occur

year-round without restrictions or seasonal closures (Avalos-Castillo &

Santana-Morales, 2021), creating challenges for shark conservation.

Recognising this issue, the National Plan of Action for Sharks, Rays,

and Chimaeras (NPOA-Guatemala; MAGA, 2021) identified the delin-

eation of shark nurseries as a priority research objective to promote

their protection. This study aimed to analyse the temporal and spatial

occurrences of neonates and young of the year (YOY) scalloped

hammerheads along the Guatemalan Pacific coast using fishery-

dependent data to identify areas potentially serving as nurseries.

Landing records of scalloped hammerheads were collected from

three fishing communities along the Guatemalan Pacific coast. Moni-

toring surveys were conducted from May 2017 to February 2020 by

trained biologists from Fundación Mundo Azul (Blue World Founda-

tion), although monitoring in Buena Vista began in 2019. From March

2020 to June 2023, data collection was conducted by biologists and

primarily through a Citizen Science programme, with the participation

of trained community monitors. In this study, no experiments with

animals were performed. Scalloped hammerheads were collected as

part of fishery-dependent surveys, therefore all examinations were

made on deceased animals captured during commercial fishing

operations.

Over 1476 days of monitoring, fishery-dependent data were col-

lected from the landings of 52 artisanal boats across the three fishing

communities. These boats, made of fibreglass and measuring 7.5–9 m

long, were equipped with outboard motors. The fisheries targeted tel-

eost fish and rays using bottom and midwater monofilament gillnets

(mesh sizes 4–6 cm) or bottom longlines with J or Eagle Claw half-

circle hooks (3–6 cm in size).
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Scalloped hammerheads were measured to the nearest centi-

metre using total length (LT), defined as the horizontal distance from

the tip of the snout to the tip of the caudal fin in its natural position

(Compagno, 1984). Sex was determined macroscopically according to

the presence or absence of claspers on the pelvic fins. Sharks were

categorised into four life stages: (1) neonates (Ne), identified by the

presence of an unhealed or healing umbilical scar (Castro, 1993);

(2) young of the year (YOY), characterised by a healed umbilical scar

and classified as individuals within their first year of life based on the

von Bertalanffy growth curve by Piercy et al. (2007); (3) juvenile

(J) sharks older than a year but not yet sexually mature; and (4) adults

(A) in males when claspers were fully calcified (Clark &

F IGURE 1 Proportions of early life-
history stages of scalloped hammerhead
(Sphyrna lewini) recorded during the
landing monitoring programme from 2017
to 2023 in the fishing communities of
Buena Vista, Las Lisas and Sipacate on the
Pacific coast of Guatemala. (a) Overall
percentage distribution of neonates (Ne),
young of the year (YOY), and combined
juveniles and adults (J-A) across fishing
communities. (b) Monthly percentage
distribution of neonates across fishing
communities. (c) Monthly percentage
distribution of young of the year (YOY)
across fishing communities. The total
number of recorded specimens is shown
next to each community's name.
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Schmidt, 1965), and females considered mature if pregnant or, if not

pregnant, measuring over 245 cm TL (Castro, 2011).

A total of 10,000 scalloped hammerheads were recorded across

the three fishing communities. Neonates were the most frequently

observed life stage (n = 5860), followed by YOY (n = 3929), with

juveniles (n = 183) and adults (n = 28) representing a small fraction of

the total. Neonates and YOY collectively accounted for over 96%

of all records across the communities (Figure 1a). The size range and

mean in cm LT (mean ± standard deviation) for each stage were as fol-

lows: neonates ranged from 33.0 to 54.4 (50.2 ± 2.8), YOY ranged

from 54.1 to 87.0 (62.9 ± 7.9), juveniles ranged from 87.3 to 144.0

(94.6 ± 7.9) and adults ranged from 179.0 to 284.0 (247.7 ± 27.5).

Neonates and YOY were recorded in all years across the three

fishing communities, except for 2017 and 2018 in Buena Vista, where

monitoring efforts were absent. The majority of neonate and YOY

records were obtained between 2020 and 2023, with 5057 neonates

(86.3%) and 3586 YOY (91.3%) (Table 1). This significant increase is

attributed to the intensified monitoring efforts implemented through

the Citizen Science programme.

The highest percentage of monthly neonate records was

observed between May and August (Figure 1b), while YOY records

peaked between June and September (Figure 1c). In April–June, neo-

nates represented 84.1% and YOY 67.5% of their total annual records.

Specifically, during this period neonate records accounted for over

77% of the total neonate records in all three communities: Buena

Vista (77.8%), Las Lisas (81.4%) and Sipacate (85.9%). Similarly, in the

same period, YOY records comprised more than 52% of the total YOY

records for each community: Buena Vista (59.9%), Las Lisas (52.9%)

and Sipacate (70.5%). In July–September, YOY records were distrib-

uted as follows: 34.6% in Buena Vista, 37.5% in Las Lisas and 24.8%

in Sipacate. The data indicate that neonates and YOY are consistently

present both seasonally and annually across the three coastal areas,

aligning with the criteria established by Heupel et al. (2007).

The present study used fishery-dependent data collected through

a Citizen Science programme to analyse the temporal patterns of the

early-stage scalloped hammerhead sharks. While Heupel et al. (2007)

emphasised the importance of using fishery-independent data to

effectively identify nursery habitats, such data with sufficient

temporal and spatial coverage are often lacking (Froeschke

et al., 2010), particularly in regions like the Guatemalan Pacific. One of

the advantages of utilising a Citizen Science programme is the broad

coverage of fishing effort, enabling the analysis of seasonal and annual

catch records across multiple fishing communities. Also, the findings

confirm that, as shown by Oñate-González et al. (2017) and Cuevas-

Gómez et al. (2020), fishery-dependent monitoring can effectively

provide data to identify nursery areas in coastal regions where

fishery-independent data are limited or unavailable.

The findings indicated a tendency for higher numbers of neonates

and YOY to be recorded in Sipacate. Located on the central coast of

Guatemala, Sipacate is approximately 43 km from Buena Vista and

97 km from Las Lisas. While the general characteristics of the three

studied coastal areas are similar, with shallow, turbid waters and

slightly uneven mud and sand bottoms (Brenes et al., 1993; Ixquiac

Cabrera et al., 2009), Sipacate stands out for its broader shallow habi-

tat. The 20- and 50-m isobaths are farther from the shore at Sipacate

compared to Buena Vista and Las Lisas. This greater habitat amplitude

is significant, as nursery areas typically occur at depths of 10–50 m,

with a preference for 20 m depths (Ixquiac Cabrera et al., 2009). Addi-

tionally, the coastal area between Buena Vista and Las Lisas is nar-

rower and features a deep canyon that drops to over 500 m.

Guatemala published the National Plan of Action for Sharks, Rays

and Chimaeras (NPOA-Guatemala) in 2008, recently updated in 2021

(MAGA, 2021). Among its priority research topics, the NPOA empha-

sises identifying nursery areas as a critical step for implementing

effective protection measures. Defining these areas is essential, par-

ticularly for supporting the establishment of fish replenishment zones

(FRZ), such as in the coastal region of Las Lisas (Mojica et al., 2021).

This study underscores the need for each community to establish its

own FRZ to protect the early life stages of the scalloped hammerhead.

Protecting these nurseries is crucial, as Elizondo-Sancho et al. (2022)

demonstrated limited gene flow between nursery areas in Guatemala,

Costa Rica and Panama, with the species exhibiting reproductive phi-

lopatry, resulting in genetically independent units.
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