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ABSTRACT
The lack of biometric data on chondrichthyan species has impeded the implementation of management strategies essential for the
conservation of sharks and rays captured using diferent fshing gears in coastal ecosystems. This study aims to assess
morphometric relationships (length–weight [LW], length–dorsal length [DL], and length–disc width [DW]) and the relative weight
condition factor (Krel) of 14 elasmobranch species caught by shrimp trawls in the Bahía Magdalena-Almejas (BMA) lagoon system
inMexico fromFebruary to December 2014–2022. The length–weight relationships (LWRs) (pooled sexes, females andmales) were
calculated using the potential model. The growth (allometric or isometric) was determined by comparing the b values for each
elasmobranch species with the isometric value (b= 3.0) using the t-Student test. Length–length (LL) relationships were determined
by applying the linear regression model. Given the body condition is commonly used as a biometric tool to indicate the overall
health and energetic status of fsh in relation to growth, the Krel was calculated. The assessment was conducted on 440 elas-
mobranch specimens (70 sharks and 370 rays) across 14 species, 9 genera, and 8 families. The genus Urobatis was the most
abundant in the total elasmobranch catches obtained (n= 203). The parameter b of the LW relationships varied from 2.57
(Heterodontus mexicanus) to 3.87 (Mustelus lunulatus). Most morphometric relationships (LDL and LDW) showed a signifcant
statistical correlation (r2 > 0.85; p < 0.05). The condition factor analysis indicated that most (86%) elasmobranch species were in
good somatic condition (Krel ≥ 1). This study represents the frst reference data on the LWRs for the Mexican Horn Shark
(H. mexicanus), as well as the frst assessment on LL relationships (DL and DW) and the relative weight condition factor for all
elasmobranch species included. Consequently, this research helps bridge the information gap regarding shark and ray species,
contributing to the monitoring and population assessment of bycatch elasmobranchs in the BMA lagoon system.
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Lay Summary

The lack of biometric data on shark and ray has impeded the
implementation of management strategies essential for its
conservation in some coastal ecosystems. This research
helps bridge the information gap regarding shark and ray
species and aids in future monitoring and fshery assessment
of bycatch (shark and ray) in the BMA lagoon system,
Mexico.

1 | Introduction

Elasmobranchs, a group of cartilaginous fshes, are characterized
by a slow growth and low reproductive rates due to their late
maturity and low fecundity, making them highly vulnerable to
overexploitation and extinctions [1–4]. The low resilience of this
group is primarily infuenced by overfshing, the main threat to
elasmobranch populations, leading to cascade efects in eco-
systems with signifcant ecological and socioeconomic impacts
worldwide [1–3, 5, 6].

In the northwestern region of Mexico, studies on the potential
impact of the traditional small-scale multispecies fsheries
developed by local cooperatives (artisanal fsheries) on rays and
shark populations have focused mainly on assessing the com-
position and abundance of commercial valued species caught
[7–11].

However, the priority has been to understand how these small-
scale fsheries afect recruitment rates, management, and con-
servation of elasmobranch bycatch in coastal ecosystems
[1, 3, 4, 6, 12–14]. Size measurements such as the total length
(TL), dorsal length (DL), disc width (DW), and weight are
commonly used to study growth rates, body condition, sexual
maturity, size frequency, and population structure of cartilagi-
nous fshes [15–22].

The Bahía Magdalena-Almejas (BMA) lagoon system is the
largest marine-estuarine ecosystem, and the main productive
fshing area in the northwestern Mexican Pacifc region. The
artisanal shrimp trawl fshery is one of the most signifcant
fshing activities here, capturing more than 125 fsh species as
bycatch [23]. These bycatch species represent 30% of the total fsh
fauna reported for this coastal environment, including com-
mercially valuable elasmobranch species that are also important
for conservation [24]. The lack of biological and socioeconomic
data on sharks and rays captured as bycatch using diferent
fshing gears has limited the implementation of efective man-
agement strategies for the conservation of cartilaginous fshes in
coastal ecosystems [13].

Currently, most of the studies addressing body relationships
(e. g., length–weight [LW] and length–length [LL]) of elas-
mobranchs from the northwestern Mexico have been con-
ducted on species from small-scale commercial capture in
locations around BMA, but none specifcally for this lagoon
ecosystem [25–27]. Therefore, this study aims to assess
morphometric relationships (length–total weight (TW), TL–
DL, and TL–DW) and the relative weight condition factor for
14 elasmobranch species (fve sharks and nine rays) caught by
trawls used by the artisanal shrimp fshery in this marine
coastal ecosystem.

2 | Material and Methods

2.1 | Study Area

The BMA lagoon system (24°21′– 24°46′ N and 110°30′– 112°15′
W, Figure 1) is in a transition zone between two of the most
important biogeographical regions of the Pacifc Ocean: Cal-
ifornia (temperate) and Tropical Eastern Pacifc (tropical–sub-
tropical). This ecosystem comprised three subsystems: the
Northwestern zone (137 km2), the Central zone (882 km2), and
the South zone (370 km2) connected to each other and to the
adjacent sea through channels of variable depth. The BMA
coastal ecosystem is characterized by the presence of a large
extension of mangrove biotopes inhabited by a great variety of
fsh species that use them as primary habitat for breeding, re-
cruitment, and feeding. Hydrologically, the BMA lagoon system
behaves as a negative estuary (34–40 ups) due to the absence of
rain and runofs and high evaporation rates as is common in this
arid region. The annual average temperature varies from 18°C to
29°C and the dissolved oxygen from 0.04 to 2.56 mg/L; the tides
are semidiurnal [23, 24].

2.2 | Sampling Fish and Data Analysis

Elasmobranch samples were collected monthly from bottom
surveys during the close shrimp fshing seasons and from
commercial catches throughout the artisanal shrimp feet
during the open shrimp fshery (September–February) from
2014 to 2022. Shark and ray specimens were caught as bycatch
using small fberglass boats (pangas) and shrimp trawl nets with
16-17 m top rope and 35 mmmesh size opening, developed at 2
knots for 1 h [23, 24]. The sampled elasmobranch specimens
were frozen (−10°C) immediately after capture and transported
to the laboratory. Therefore, after being thawed, the number of
captured individuals by species was recorded and taxa were
identifed using specialized keys and catalogs [28–31]. At least
one voucher specimen from each species was fxed with 10%
formalin and deposited in the reference fsh collection of the
Centro Regional de Investigación Acuícola y Pesquera (CRIAP-
IMIPAS), La Paz, Baja California Sur, Mexico.

All specimens were macroscopically sexed based on the presence
(males) or absence (females) of myxopterygians. Due to their
small size, their gonadal maturity could not be determined, so
they were considered sexually immature. TL (distance between
the tip of the snout to the tip of the upper caudal lobe), DL
(distance between the tip of the snout to the insertion of the frst
dorsal-fn), and DW (distance between the tips of the pectoral-
fns) to the nearest 0.1 mm, were measured. They were also
weighed (TW) to the nearest 0.01 g.

2.3 | Data Analysis

The length–weight relationships (LWRs) for all elasmobranch
species (pooled sexes, females and males) were calculated using
the potential equation W = aLb [32], where W is the calculated
TW (g), L is the observed TL of the fsh (mm), a is the intercept,
and b is the slope of the regression. Log–log plots were generated
to identify and remove outliers from the analysis (Froese 2006).
The confdence interval (CI) at 95% for the parameter b of the
LWRwas calculated to determine whether the hypothetical value
of isometry (3.0) fell between these limits. The type of growth

2 of 12 Journal of Applied Ichthyology, 2026



(allometric or isometric) was determined by comparing the
values of the parameter b for each elasmobranch species with the
isometric value (b= 3.0) using the t-Student test [33]. Moreover,
length relationships (LDL and LDW) were determined by ap-
plying the linear regression equation Y= a+ bX, where Y (de-
pendent variable) is the value of DL or DW, X (independent
variable) is the L of fsh, and a (intercept) and b (slope) are the
linear regression parameters [32]. In both cases, the equations
were calculated using Statistica 10 (StatSoft Inc., Tulsa,
OK, USA).

Given the body condition is commonly used as a biometric tool to
indicate the overall health and energetic status of fsh in relation
to growth, development, reproduction, and survival [21, 34–37],
the relative weight condition factor (Krel) was estimated for the
elasmobranch species studied using the equation Krel =W/aLb,
where W is the estimated TW (g), L is the observed TL (mm) of
the fsh, and a and b are the parameters derived from the po-
tential model of regression [34, 38–40]. A good well-being state
and somatic growth of the elasmobranch species was determined
when theKrel ≥ 1.0; otherwise, shark and ray species were in poor
condition when Krel value was < 1.0 [38, 39, 41, 42]. Diferences
between the Krel values (pooled and by sex) and the expected
value of Krel = 1.0 were determined using a one-sample t-test
[33]. The condition factor calculation was performed using Excel
software and the t-Student test with PAST 5.1.

3 | Results

In this study, 440 elasmobranchs specimens (70 sharks and 370
rays) from 14 species, 9 genera, and 8 families were examined.
These 14 species contribute 3% (relative abundance) of the total
fsh catches obtained from 2014 to 2022 (Table 1). The elas-
mobranchs catches were predominantly represented by three
species of batoids: Urobatis halleri (46%), Diplobatis ommata
(14.5%), and Urotrygon rogersi (5.0%) and two shark species:
Heterodontus francisci (5.9%) and Mustelus henlei (4.3%). These
fve species collectively comprised 76% of the total elasmobranch
catches obtained. Descriptive statistics of morphometric mea-
surements are presented in Table 1.

3.1 | Length–Weight (LW), Length–Length (L-L)
and Dorsal Length–Disc Width (L-DW)
Relationships

Table 2 summarizes the regression parameters (a and b) with
their respective CIs and the coefcients of determination (r2).
Most of the LWRs were signifcant for pooled sexes, males and
females, with r2 ranging from 0.87 to 0.99. The parameter b of
LWR varied from 2.57 (males and females of H. mexicanus) to
3.88 (males and females ofM. lunulatus). Sixty-four percent of the
elasmobranch species (three sharks and six rays) exhibited iso-
metric growth, while the other 36% (two sharks and three rays)
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FIGURE 1 | Location of shrimp trawling grounds (dotted polygons) from the BahíaMagdalena-Almejas lagoon system in the northeastern Pacifc of
Mexico.
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showed negative and positive allometric growth (Table 2). To
highlight the robustness of the LWRs and better illustrate the
type of growth shown by the 14 elasmobranch species, a graph
was made showing the linear relationship between Log (a) over
slope (b) (Figure 2). The relationships between LDL and LDW
were mostly statistically correlated (r2 > 0.85, p < 0.05, Table 2).

3.2 | Condition Factor

The value of the parameter b derived from the LW regression
(Table 2) was used to calculate the relative weight condition
factor for the studied elasmobranchs. The Krel values ranged
between 0.4279 (Myliobatis californica) and
1.8566 (U. maculatus) (Table 3 and Figure 3). The overall analysis
of the relative condition factor indicated that 86% (12) of the
elasmobranch species were in good somatic condition (Krel ≥
1.0). Additionally, 14% of the elasmobranchs showed signifcant
statistical diferences compared with an expected mean value of
Krel = 1.0 (p < 0.05, Table 3 and Figure 3). However, when an-
alyzed by sex, some rays show signifcant diferences.

4 | Discussion

The limited information available on the elasmobranch species
captured by the small-scale coastal fsheries hampers the ef-
fective monitoring of species-specifc regulatory measures for
their conservation. Coastal and estuarine ecosystems serve as
nursery areas for small-sized elasmobranchs, including neonates,
juveniles, and subadults, making them particularly susceptible to
capture by artisanal trawl fsheries. The high incidence of im-
mature organisms being caught as bycatch before they have had
the opportunity to reproduce leads to a decline in elasmobranch
populations. This decline could be due to the signifcant impact
on recruitment rates and the sustainability of the fshery
[6, 12, 13, 16, 43].

The bycatch of many young batoids (mainly from the order
Myliobatiformes) and demersal shark species by the shrimp
fshery in the BMA lagoon system confrm the role of this coastal
ecosystem as nursery and feeding grounds for various

elasmobranch species. These species, due to their poor ability to
avoid artisanal prawn trawls as slow swimmers, could be more
vulnerable to overexploitation than pelagic species [12], with
negative implications for the conservation and sustainability of
the coastal shark and ray populations of this region. On this
regard, Fahmi and Sumadhiharga [43] and Fauconnet et al. [4]
noted that the tendency to catch immature elasmobranchs in
coastal and shallow waters is infuenced by factors such as
fshing gears (shrimp trawls), mesh size, fshing areas, and the
operational capacity of fshing boats, as well as the proximity to
the area of operation of the small-scale coastal artisanal fshing
with the nursery areas used by this cartilaginous fsh species
during their ontogeny as neonates and/or juveniles [14].

LL and LWRs have been reported as tools for monitoring and
fshery assessment of demersal batoids with commercial value
[25, 26, 44–48]. However, most studies have focused on com-
mercially valued shark species [14, 15, 17–19, 22, 49, 50] or
included both groups of elasmobranchs [27, 51–54]. To our
knowledge, this study is the frst to report LWRs for the Mexican
Horn Shark (H. mexicanus), which are currently absent from
FishBase [55] and in related studies to the study area [27, 56], and
to the Tropical Eastern Pacifc [49].

The elasmobranch species reported here fall within the expected
range of parameter b-values (2.5–3.5), previously reported for
unsexed specimens [55], and close to the ranges reported for
elasmobranchs from diferent locations
[14, 17, 19, 20, 36, 45, 47, 51, 53, 54], indicating normal growth
dimensions [41]. Some batoids and sharks from adjacent areas to
the BMA coastal lagoon system (e.g., Central and South Cal-
ifornia, Gulf of California, and southeastern Pacifc) showed
values of the parameter b higher than those reported here for
Gymnura marmorata (2.69 vs. 3.2), H. francisci (2.98 vs. 3.06),
M. californica (2.94 vs. 3.3),U. helleri (2.93 vs. 2.97), and Zapteryx
exasperata (2.71 vs. 3.92) and lower than those calculated for
D. ommata (2.82 vs. 3.01),M. lunnulatus (2.98 vs. 3.87),M. henlei
(2.91 vs. 3.21), Pseudobatos leucorhynchus (3.05 vs. 3.57), and
Urobatis maculatus (3.56 vs. 3.76) [25–27, 48, 49, 56]. Such dif-
ferences could be due to several factors like the sex and gonadal

Negative allometric Positive allometricIsometric
–8

–6

–4

–2

Lo
g 

(a
)

3.02.5 4.02.0 3.5
Slope (b)

FIGURE 2 | Scatter plot of mean log a over mean b for the length–weight relationship of fourteen elasmobranchs species from the BahiaMagdalena-
Almejas lagoon system. Dark circles = both sex pooled, gray circles =males, and white circles = females. Points close to the center of the graph represent
isometric growth (b= 3.0), while points far from the center correspond to allometry (b≠ 3.0).
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maturity, size and number of specimens examined, and food
availability [41]; therefore, the parameters of our study should be
applied to species with similar length ranges.

Sixty-four percent of the elasmobranch species (three sharks and
six rays) exhibited isometric growth, while the 21% (including
one shark and two rays) exhibited positive allometric growth, and
the other 14% (one shark and one ray species) exhibited negative
allometric growth (Table 2). The ray D. ommata showed iso-
metric growth, contrasting to the allometric growth reported by
de la Cruz-Aguero et al. [27], while U. maculatus showed allo-
metric growth contrasting with the isometric reported by these

authors. On the other hand, the allometric growth reported here
for P. leucorhynchus was like those reported by Payán et al. [44]
for the Colombian Pacifc but contrary to the isometric growth
reported by Pincay-Espinoza et al. [48] for Ecuador. Motta et al.
[17] established that diferences in the LWRs between males and
females could result from sample sizes, the unequal distribution
of sizes for each sex, and the inclusion of immature females,
which may be lighter due to the inclusion of spent fsh that have
a lower condition factor. Although isometric growth is typically
the norm and allometric growth is the exception in elasmo-
branchs, diferences between isometry and allometry have been

TABLE 3 | Relative weight condition factor (Krel) for 14 bycatch elasmobranchs from the Bahia Magdalena-Almejas lagoon system, Baja California
Sur, Mexico.

Scientifc name Min Max Mean± SD t-value p< 0.05
Heterodontus francisci (pooled) 0.7974 1.2025 1.0072± 0.1063 0.3469 0.7315
Males (n= 10) 0.8339 2.2845 1.1647± 0.4103 1.2698 0.2359
Females (n= 16) 0.8371 1.1726 1.0172± 0.1020 0.6761 0.5092
Heterodontus mexicanus (pooled) 0.7994 1.0933 0.9793± 0.1134 −0.4078 0.7042
Mustelus californicus (pooled) 0.8865 1.1278 1.0291± 0.0800 0.8932 0.4126
Males (n= 5) 0.8602 1.0907 1.0030± 0.0853 0.0811 0.9329
Mustelus henlei (pooled) 0.8234 1.2276 0.9935± 0.1088 −0.2583 0.7991
Males (n= 14) 0.8283 1.2567 1.0165± 0.1185 0.5193 0.6122
Females (n= 5) 0.9515 1.0123 0.9918± 0.0241 −0.7567 0.4913
Mustelus lunulatus (pooled) 0.8496 1.3211 1.0073± 0.1322 0.2075 0.8387
Females (n= 6) 0.8454 1.1082 1.0067± 0.0975 0.1681 0.8730
Diplobatis ommata (pooled) 0.7311 1.2238 1.0157± 0.1107 1.1406 0.2583
Males (n= 21) 0.7432 1.2459 0.9859± 0.1237 −0.5218 0.6075
Females (n= 43) 0.8029 1.1507 0.9828± 0.0935 −1.2027 0.2358
Pseudobatos lecucorhynchus (pooled) 0.8879 1.0907 0.9937± 0.0702 37.438 2.424–8

Zpteryx exasperata (pooled) 0.7497 1.0724 0.9011± 0.0940 4.3269 0.521–4

Males (n= 7) 0.8338 1.0853 0.9705± 0.0943 27.212 1.627–7

Females (n= 10) 0.8250 1.1525 0.9814± 0.0943 −0.6216 0.5496
Urobatis halleri (pooled) 0.4839 1.4966 0.9885± 0.1678 −0.9797 0.3284
Males (n= 94) 0.5222 1.4946 0.9773± 0.1611 −1.3647 0.1756
Females (n= 109) 0.4712 1.4028 0.9642± 0.1694 2.2028 0.0297
Urobatis maculatus (pooled) 0.5788 1.8566 1.0729± 0.2923 1.0581 0.3048
Males (n= 16) 0.5624 1.7879 1.0536± 0.2960 0.7248 0.4797
Urotrygon aspidura (pooled) 0.8294 1.4255 1.0611± 0.1637 1.2945 0.2219
Males (n= 7) 0.8194 1.7667 1.0969± 0.3129 0.8200 0.4435
Females (n= 5) 0.8682 1.0664 1.0097± 0.0809 0.2694 0.8009
Urotrygon rogersi (pooled) 0.6589 1.1746 0.9617± 0.1262 −1.4244 0.1690
Males (n= 9) 0.6559 1.1393 0.9853± 0.1432 20.641 3.178–8

Females (n= 13) 0.7984 1.1795 0.9667± 0.1213 −0.9885 0.3424
Gymnura marmorata (pooled) 0.7560 1.3304 0.9679± 0.1590 −0.7268 0.4813
Males (n= 6) 0.7881 1.3641 1.0133± 0.1949 0.1666 0.8742
Females (n= 7) 0.8979 1.2418 1.0158± 0.1157 0.3604 0.7308
Myliobatis californica (pooled) 0.4279 1.3628 0.9172± 0.2170 −1.3761 0.1939
Males (n= 6) 0.7238 1.3045 0.9355± 0.2138 −0.7391 0.4930
Females (n= 7) 0.4564 1.1222 0.9143± 0.2146 −1.0567 0.3313

Note: Bold values indicate signifcant statistic diferences.
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linked to ontogenetic changes in body anatomy as elasmobranchs
reach sexual maturity [36]. Froese [39] establishes that values of
b> 3 as those observed in some shark and ray species reported in
this study (Table 2) indicate the tendency of large specimens to be
more elongated, while for the smallest ones, it is assumed that
they were in better nutritional condition during sampling.

This study represents the frst assessment of the LDL and LDW
relationships for most of the elasmobranch species included here,
all of which were statistically correlated (r2 > 0.85, p < 0.05;
Table 2). These r2 coefcient values could be infuenced by the
variability in the body condition of the collected specimens, the
selectivity of the fshing gear, as well as the bias in the repre-
sentation of the size classes in the sample [14]. According to
Nissar et al. [37], comparative growth studies of fsh populations
are possible when diferent types of length measurements are
employed. Thus, we can analyze diferences in body proportions
across life history stages to assess potential allometric shifts using
log-ratio linear regressions [20, 47], contributing to the accuracy
of estimation models for population assessments in the BMA
fsheries. This will aid in further fsheries research on the con-
servation and management of elasmobranchs in this region.

Studies on the relative weight condition factor (Krel) of elas-
mobranchs are scarce compared with those on bony fshes,
mainly due to the relatively smaller number of sharks and rays in
the total fshery catches [21, 41]. This study provides the frst
reference on the relative condition factor of 14 elasmobranch
species, with calculated Krel values (Krel ≥ 1.0), indicating no

variation for among species form the BMA lagoon system,
suggesting good growth conditions (robustness). Fola-Matthews
et al. [41] reported a mean relative weight condition factor of 0.4
(0.1–0.7 pooled, 0.3–0.7 males and 0.2–0.6 females) for Mustelus
mustelus (n= 1018; 390–1420mmTL) from Nigeria, assuming
seasonal variation; comparatively, the Mustelus spp. (n= 6–19;
246–702mmTL) from this study showed higher Krel than those
reported for these authors. Therefore, the relative weight con-
dition in the fsh ftness could be infuenced by the age, maturity
stage, variation in size composition, the reduced number of
specimens analyzed, and abiotic factors [37, 40, 41], as well as by
fshing pressure from the shrimp trawl fshery in this ecosystem,
as has been reported for bony fshes from other regions [42].

Estimations of the LL (DL and DW) and LWRs, and relative
weight condition factor (Krel) are essentials for planning efective
conservation strategies and fsheries management, as well as for
monitoring the potential impact of trawlers on elasmobranch
populations [12, 14].

The tendency to catch as bycatch of many juveniles and sub-
adults of trawled elasmobranch demersal species by the shrimp
fshery in the BMA lagoon system confrms the function of this
coastal ecosystem as nursery area; however, further studies are
necessary to assess the potential impact in the conservation and
sustainability of shark and ray’s populations in this region. The
updated information on LW, LDL, and LLW relationships, and
the condition factors provided through this study could con-
tribute to flling the gaps in information on shark and ray species

Heterodontus francisci

Heterodontus mexicanus
Mustelus californicus

Mustelus henlei

Mustelus lunulatus

Diplobatis ommata

Pseudobatos lecucorhynchus
Zpteryx exasperata

Urobatis halleri

Urobatis maculatus

Urotrygon aspidura

Urotrygon rogersi

Gymnura marmorata

Myliobatis californica

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Relative condition factor (Krel)

FIGURE 3 | Relative weight condition factor for fourteen elasmobranchs species from the Bahía Magdalena-Almejas lagoon system. Dark bars =
pooled sexes, gray bars =males, dotted bars = females, and continuous line inside the bars = standard deviation.
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and will be valuable for future monitoring of mixed species
fsheries and bycatch assessments of elasmobranchs in the BMA
lagoon system. Our results must be considered as corresponding
to bycatch juvenile specimens whose capture does no cover an
annual cycle.

Acknowledgments

Adrián Felipe González-Acosta, Carlos Hiram Rábago-Quiroz, Gorgonio
Ruiz-Campos, Juan Antonio García-Borbón, and María del Carmen
Alejo-Plata would like to thank SNII-SECIHTI program; AFGA would
also like to thank COFAA and EDI-IPN Programs.

Funding

There was no additional external funding received for this study.

Disclosure

The funders had no role in the study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Ethics Statement

The care and manipulation of the experimental animals in this study
complied with the General Law of Sustainable Fishing and Aquaculture
of the Ministry of Agriculture, Livestock, Rural Development, Fishing,
and Food (Ley General de Pesca y Acuacultura Sustentables - Secretaría
de Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimentación) in
Mexico. These animal welfare laws, guidelines, and policies were ap-
proved by the National Commission of Fishing and Aquaculture
(Comisión Nacional de Pesca y Acuacultura).

Conficts of Interest

The authors declare no conficts of interest.

Data Availability Statement

The data used to support the fndings of the study are available from the
corresponding author upon request.

References

1. J. A. Musick, G. Burgess, G. Caillet, M. Cambi, and S. Fordham,
“Management of Sharks and Their Relatives (Elasmobranchii),” Fisheries
Magazine 25, no. 3 (2000): 9–13.

2. N. K. Dulvy, J. K. Baum, S. A. Clarke, et al., “You Can Swim but You
Can’t Hide: The Global Status and Conservation of Oceanic and Pelagic
Sharks and Rays,” Aquatic Conservation: Marine and Freshwater Eco-
systems 18, no. 5 (2008): 459–482, https://doi.org/10.1002/aqc.975.

3. S. J. Jorgensen, F. Micheli, T. D. White, et al., “Emergent Research and
Priorities for Shark and Ray Conservations,”Endangered Species Research
47 (2022): 171–203, https://doi.org/10.3354/esr01169.

4. L. Fauconnet, T. Morato, D. Das, et al., “First Assessment of Circle
Hook as Bycatch Mitigation Measure for Deep-Water Sharks on Longline
Fisheries,” Fisheries Research 270 (2024): e106877, https://doi.org/
10.1016/j.fshres.2023.106877.

5. M. P. Francis, “Temporal and Spatial Patterns of Habitat Use by Ju-
veniles of Small Coast Shark (Mustelus lenticulatus) in an Estuarine
Nursery,” Plos One 8, no. 2 (2013): e57021, https://doi.org/10.1371/
journal.pone.0057021.

6. H. Bornatowski, R. R. Braga, and V. J. R. Simões, “Threats to Sharks in
a Developing Country: The Need for Efective and Simple Conservation
Measures,” Natureza & Consevação 12, no. 1 (2014): 11–18.

7. J. F. Márquez-Farías, “The Artisanal Ray Fishery in the Gulf of
California: Development, Fisheries Research, and Management Issues,”
Shark News 14 (2022).

8. J. J. Bizarro, W. D. Smith, R. E. Hueter, and
C. J. Villavicencio-Garayzar, “Activities and Catch Composition of Ar-
tisanal Elasmobranch Fishing Sites of the Eastern Coast of Baja Cal-
ifornia Sur, México,” Bulletin Southern California Academy of Sciences
108, no. 3 (2009): 137–151.

9. D. Cartamil, O. Santana-Morales, M. Escobedo-Olvera, et al., “The
Artesanal Elasmobranch Fishery of the Pacifc Coast of Baja California,
México,” Fisheries Research 108, no. 2-3 (2011): 393–403, https://doi.org/
10.1016/j.fshres.2011.01.020.

10. S. R. Ramírez-Amaro, D. Cartamil, F. Galván-Magaña, et al., “The
Artisanal Elasmobranch Fishery of the Pacifc Coast of Baja California
Sur, México, Management Implications,” Scientia Marina 77, no. 3
(2013): 473–478.

11. O. Santana-Morales, D. Cartamil, O. Sosa-Nishizaki,
R. Zertuche-Chanes, E. Hernández-Gutiérrez, and J. Graham, “Artisanal
Elasmobranch Fisheries of Northwestern Baja California, México,”
Ciencias Marinas 46, no. 1 (2020): 1–18.

12. S. T. Fennessy, “Incidental Capture of Elasmobranchs by Com-
mercial Prawn Trawlers on the Tugela Bank, Natal, South Africa,” South
African Journal of Marine Science 14, no. 1 (1994): 287–296, https://
doi.org/10.2989/025776194784287094.

13. A. C. Henderson, J. L. Mcilwin, H. L. Al-Ouf, S. Al-Sheile, and
N. Al-Abri, “Sex Distribution and Sex Ratios of Sharks Caught by Oman’s
Artisanal Fishery,” African Journal of Marine Science 31, no. 2 (2009):
233–239.

14. Y. I. M. Minko, O. Sadio, J. D. Mbega, G. Schaal, and F. Le Loc’h,
“Length-Weight Relationships of Elasmobranchs Caught by Artisanal
Fisheries From Southern Gabon,” Journal of Applied Ichthyology (2025):
e4821258.

15. N. E. Kohler, J. G. Casey, and P. A. Turner, “Length-Weight Re-
lationships for 13 Species of Sharks From the Western North Atlantic,”
Fishery Bulletin 93 (1995): 412–418.

16. M. P. Francis, “Morphometric Minefelds-Towards a Measurement
Standard for Chondrichthyan Fishes,” Environmental Biology of Fishes
77, no. 3-4 (2006): 407–421, https://doi.org/10.1007/s10641-006-9109-1.

17. F. S. Motta, F. P. Caltabellotta, R. C. Namora, and O. B. F. Gadig,
“Length-Weight Relationships of Sharks Caught by Artisanal Fisheries
From Southwestern Brazil,” Journal of Applied Ichthyology 30, no. 1
(2013): 239–240, https://doi.org/10.1111/jai.12234.

18. M. C. Alejo-Plata, M. A. Ahumada-Sempoal, J. L. Gómez-Márquez,
and A. F. González-Acosta, “Estructura Poblacional y Aspectos Repro-
ductivos del Tiburón Piloto Carcharhinus falciformis (Müller & Henle,
1839) (Carcharhiniformes: Carcharhinidae) En la Costa de Oaxaca,
México,” Latin American Journal of Aquatic Research 44, no. 3 (2016):
513–552.

19. R. R. Domingues, F. P. Caltabellotta, and A. F. Amorim, “Length-
Length and Length-Weight Relationships ofCarcharhinus falciformis and
C. Signatus (Cahcharhinidae: Carcharhinus) Caught by Commercial
Fisheries in the Southwest Atlantic Ocean,” Regional Studies in Marine
Science 6 (2016): 83–86, https://doi.org/10.1016/j.rsma.2016.03.014.

20. D. J. Irschick, A. Fu, G. Lauder, C. Wilga, C. Y. Kuo, and
N. Hammerschlag, “A Comparative Morphological Analysis of Body and
Anal Fin Shape for Eight Shark Species,” Biological Journal of the Lin-
nean Society 122, no. 3 (2017): 589–604, https://doi.org/10.1093/biol-
innean/blx088.

21. J. T. Corsso, O. B. F. Gadig, R. R. P. Barreto, and F. S. Motta,
“Condition Analysis of the Brazilian Sharpnose Shark Rhizoprionodon
lalandii: Evidence of Maternal Investment for Initial Post-Natal Life,”

10 of 12 Journal of Applied Ichthyology, 2026

http://doi.org/10.1002/aqc.975
http://doi.org/10.3354/esr01169
http://doi.org/10.1016/j.fishres.2023.106877
http://doi.org/10.1016/j.fishres.2023.106877
http://doi.org/10.1371/journal.pone.0057021
http://doi.org/10.1371/journal.pone.0057021
http://doi.org/10.1016/j.fishres.2011.01.020
http://doi.org/10.1016/j.fishres.2011.01.020
http://doi.org/10.2989/025776194784287094
http://doi.org/10.2989/025776194784287094
http://doi.org/10.1007/s10641-006-9109-1
http://doi.org/10.1111/jai.12234
http://doi.org/10.1016/j.rsma.2016.03.014
http://doi.org/10.1093/biolinnean/blx088
http://doi.org/10.1093/biolinnean/blx088


Journal of Fish Biology 93, no. 6 (2018): 1038–1045, https://doi.org/
10.1111/jfb.13780.

22. C. Celaya-Castillo, E. I. Romero-Berny, J. M. López-Vila, and
J. P. Arias-Arechiga, “Size Structure and Length-Length Relationships for
Two Shark Species (Chondrichthyes: Carcharhinidae) From and Arti-
sanal Fishery in the Gulf of Tehuantepec, Southern Mexico,” Revista de
Biología Marina y Oceanografía 56 (2022): 1–6.

23. A. F. González-Acosta, C. H. Rábago-Quiroz, G. Ruiz-Campos,
J. A. García-Borbón,M. C. Alejo-Plata, and F. J. Barrón-Barraza, “Length-
Weight and Length-Length Relationships of 39 Demersal Fish Species of
an Estuarine-Coastal Ecosystem From the Northwestern of the Baja
California Peninsula,” Journal of Applied Ichthyology (2024): e6408697.

24. C. H. Rábago-Quiroz, A. F. González-Acosta, G. Ruiz-Campos,
J. Franco-López, J. A. García-Borbón, and J. D. Magaña, “Composition
and Zoogeography of Marine-Estuarine Fish From a Lagoon System in
a Temperate-Tropical Transition Zone of the Eastern Pacifc,” Revista
Mexicana de Biodiversidad 95 (2024): e955305, https://doi.org/10.22201/
ib.20078706e.2024.95.5305.

25. M. P. Blanco-Parra, F. Márquez-Farías, and F. Galván-Magaña,
“Fishery and Morphometric Relationships of the Banded Guitarfsh,
Zapteryx exasperata (Elasmobranchii, Rhinobatidae), From the Gulf of
California, México,” Pan-American Journal of Aquatic Sciences 3, no. 4
(2009): 456–465.

26. N. R. Ehemann, X. A. Pérez-Palafox, P. Mora-Zamacona, et al., “Size-
Weight Relationships of Batoids Captured by Artisanal Fishery in the
Southern Gulf of California,” Journal of Applied Ichthyology 33 (2017):
1051–1054.

27. J. De la Cruz-Agüero, F. J. García-Rodríguez, and V. M. Cota-Gómez,
“Length-Weight Relationships of Five Elasmobranch Species From the
Pacifc Coast of Mexico,” Turkish Journal of Fisheries and Aquatic Sci-
ences 18 (2018): 1005–1007.

28. J. L. Castro-Aguirre and H. Espinosa-Pérez, “Listados Faunísticos de
México,” VII. Catálogo Sistemático de las Rayas y Especies Afnes de
México (Chondrichthyes: Elasmobranchii: Rajiformes: Batoidideiomor-
pha) (México: Instituto de Biología, Universidad Nacional Autónoma de
México, 1996).

29. H. Espinosa-Pérez, J. L. Castro-Aguirre, and L. Huidobro-Campos,
“Listados Faunísticos de México. IX. Catálogo Sistemático de Tiburones
(Elasmobranchii: Selachimorpha),” México, D.F.: Instituto de Biología,
Universidad Nacional Autónoma de México (2004).

30. R. Last, W. T. White, M. R. de Carvalho, B. Seret, M. F. W. Stehmann,
and G. J. P. Naylor, Rays of the World (CsirO Publishing, 2016).

31. D. A. Ebert, M. Dando, and S. Fowler, Sharks of theWorld: A Complete
Guide (Princeton University Press, 2021).

32. W. E. Ricker, “Linear Regression in Fisheries Research,” Journal of
the Fisheries Research Board of Canada 30, no. 3 (1973): 409–434, https://
doi.org/10.1139/f73-072.

33. J. H. Zar, Biostatistical Analysis (Pearson Education, 2010).

34. R. S. Cone, “The Need to Reconsider the Use of Condition Indices in
Fishery Science,” Transactions of the American Fisheries Society 118, no. 5
(1989): 510–514, https://doi.org/10.1577/1548-8659(1989)118%3A0511:
tntrtu%3E2.3.co;2.

35. R. D. Stevenson and W. A. Jr. Woods, “Condition Indices for Con-
servation: New Uses for Evolving Tools,” Integrative and Comparative
Biology 46, no. 6 (2006): 1169–1190, https://doi.org/10.1093/icb/icl052.

36. C. R. Wheeler, D. J. Irschick, J. W. Mandelman, and J. L. Rummer,
“Nonlethally Assessment Elasmobranch Ontogenetic Shifts in Energet-
ics,” Journal of Fish Biology 103, no. 2 (2023): 235–246, https://doi.org/
10.1111/jfb.15425.

37. S. Nissar, Y. Bakhtiyar, and M. Zuber, “Length-Weight, Length-
Length Relationships and Condition Factor of Crossocheilus dip-
lochilus (Heckel) From Dale Lake of Kashimir Himalayas,” Journal of

Ecophysiology and Occupational Health 24, no. 1 (2024): 51–56, https://
doi.org/10.18311/jeoh/2024/35907.

38. E. D. Le Cren, “The Length–weight Relationship and Seasonal Cycle
in Gonad Weight and Condition in the Perch (Perca fuviatilis),” Journal
of Animal Ecology 20, no. 2 (1951): 201–219, https://doi.org/10.2307/
1540.

39. R. Froese, “Cube Law, Condition Factor and Weight-Length Re-
lationships: History, Meta-Analysis and Recommendations,” Journal of
Applied Ichthyology 22, no. 4 (2006): 241–253, https://doi.org/10.1111/
j.1439-0426.2006.00805.x.

40. E. A. Gubiani, R. Ruaro, V. R. Ribeiro, and U. M. Gomes-De Santa Fe,
“Relative Condition Factor: Le Cren’s Legacy for Fisheries Science,” Acta
Limnologica Brasiliensia 32, no. e3 (2020): https://doi.org/10.1590/s2179-
975x13017.

41. O. O. Fola-Matthews, O. O. Soyinca, and A. O. Lawal-Are, “Length-
Weight Relationship and Condition Factor Estimation of the Common
Smmoth-Hound Shark Mustelus mustelus of the Southwestern Coast of
Nigeria,” Ethiopian Journal of Environmental Studies & Management 16,
no. 4 (2023): 474–489.

42. A. Rodríguez, K. Mendoza, and J. Paramo, “Length-Weight Re-
lationships and Relative Condition Factor of 53 Species of Shallow-Water
Fish in the Colombian Caribbean Sea,” Journal of Applied Ichthyology
(2023): e6632464.

43. Fahmi and K. Sumadhiharga, “Size, Sex and Length Maturity of Four
Common Sharks Caught From Western Indonesia,” Marine Research in
Indonesia 32, no. 1 (2007): 7–19, https://doi.org/10.14203/mri.v32i1.427.

44. L. F. Payán, A. F. Navia, E. A. Rubio, and P. A. Mejía-Falla, “Biología
de la Raya Guitarra Rhinobatos leucorhynchus (Günther, 1867) (Raji-
formes: Thinobatidae) en el Pacífco Colombiano,” Latin American
Journal of Aquatic Research 39, no. 2 (2011): 286–296.

45. M. Naderi, P. Zare, and E. Avzar, “Estructura de Tallas y Relación
Peso-Longitud del pez Guitarra Pinta, Rhinobatos glaucostigma (Raji-
formes: Rhinobatidae) en la Plataforma Continental de Sinaloa, México,”
Journal of Applied Ichthyology 29, no. 5 (2013): 1177–1178, https://
doi.org/10.1111/jai.12201.

46. R. E. Lara-Mendoza and J. F. Márquez-Farías, “Length Structure and
Weight-Length Relationship of the Slaty-Spotted Guitarfsh, Rhinobatos
glaucostigma (Rajiformes: Rhinobatidae) From Continental Shelf of
Sinaloa, Mexico,” Hidrobiologica 24, no. 2 (2014): 119–127.

47. A. F. Romero-Caicedo, P. Loor-Andrade, A. Cruz-Martínez, and
M. Carrera-Fernández, “Weight-Length Relationships of Six Batoids in
the Ecuadorian Pacifc,” Journal of Applied Ichthyology 31, no. 5 (2015):
965–966, https://doi.org/10.1111/jai.12829.

48. J. Pincay-Espinoza, F. R. Diz, and J. Vélez-Tacuri, “Length.Weight
Relationship of Four Batoid Species From the Pacifc Coast of Ecuador,”
Revista de Biología Marina y Oceanografía 57, no. 1 (2022): 57–60, https://
doi.org/10.22370/rbmo.2022.57.1.3362.

49. A. F. Navia, A. Giraldo, and P. A. Mejía-Falla, “Notas Sobre la
Biología y Dita del Toyo Vieja (Mustelus Lunulatus) en la Zona Central de
Pesca del Pacífco Colombiano,” Investigaciones Marinas 34, no. 2 (2006):
217–222.

50. R. Márquez, R. Tavares, and L. A. Ariza, “Elasmobranch Species in
the Artisanal Fishery of Sucre State, Venezuela,” Ciencias Marinas 45,
no. 4 (2019): 181–188, https://doi.org/10.7773/cm.v45i4.3018.

51. M. Lteif, R. Mouawad, S. Jemaa, G. Khalaf, P. Lenfant, and
M. Verdoit-Jarraya, “The Length-Weight Relationships of Three Sharks
and Five Batoids in the Lebanese Marine Waters, Eastern Mediterra-
nean,” Egyptian Journal of Aquatic Research 42, no. 4 (2016): 475–477,
https://doi.org/10.1016/j.ejar.2016.09.008.

52. A. R. Rastgoo, M. R. Fatemi, T. Valinassab, and M. S. Mortazavi,
“Length-Weight Relationships for 10 Elasmobranch Species From Oman

Journal of Applied Ichthyology, 2026 11 of 12

http://doi.org/10.1111/jfb.13780
http://doi.org/10.1111/jfb.13780
http://doi.org/10.22201/ib.20078706e.2024.95.5305
http://doi.org/10.22201/ib.20078706e.2024.95.5305
http://doi.org/10.1139/f73-072
http://doi.org/10.1139/f73-072
http://doi.org/10.1577/1548-8659(1989)118%3A0511:tntrtu%3E2.3.co;2
http://doi.org/10.1577/1548-8659(1989)118%3A0511:tntrtu%3E2.3.co;2
http://doi.org/10.1093/icb/icl052
http://doi.org/10.1111/jfb.15425
http://doi.org/10.1111/jfb.15425
http://doi.org/10.18311/jeoh/2024/35907
http://doi.org/10.18311/jeoh/2024/35907
http://doi.org/10.2307/1540
http://doi.org/10.2307/1540
http://doi.org/10.1111/j.1439-0426.2006.00805.x
http://doi.org/10.1111/j.1439-0426.2006.00805.x
http://doi.org/10.1590/s2179-975x13017
http://doi.org/10.1590/s2179-975x13017
http://doi.org/10.14203/mri.v32i1.427
http://doi.org/10.1111/jai.12201
http://doi.org/10.1111/jai.12201
http://doi.org/10.1111/jai.12829
http://doi.org/10.22370/rbmo.2022.57.1.3362
http://doi.org/10.22370/rbmo.2022.57.1.3362
http://doi.org/10.7773/cm.v45i4.3018
http://doi.org/10.1016/j.ejar.2016.09.008


Sea,” Journal of Applied Ichthyology 32, no. 4 (2016): 734–736, https://
doi.org/10.1111/jai.12941.

53. Y. Gladston, K. V. Akhilesh, C. Thakurdas, O. P. K. Ravi, S. M. Ajina,
and L. Shenoy, “Length-Weight Relationship of Selected Elasmobranch
Species From North-Eastern Arabian Sea, India,” Journal of Applied
Ichthyology 17, no. 3 (2018): 1–5, https://doi.org/10.1111/jai.13680.

54. M. K. Kumar, N. Jayakumar, K. Karuppasamy, D. Manikandavelu,
A. Uma, and M. Kavipriya, “Length-Weight Relationships of Eight
Elasmobranch Species Captures Along the Coromandel Coast of Tamil
Nadu, Eastern Indian Ocean,” Journal of Applied Ichthyology 37, no. 3
(2021): 487–491.

55. R. Froese and D. Pauly, “FishBase,” https://fshbase.org (accessed 31
May 2024).

56. C. M. Williams, J. P. Williams, J. T. Claisse, D. J. Pondella,
M. L. Domeier, and L. A. Zahn, “Morphometric Relationships of Marine
Fishes Common to Central California and the Southern California
Bight,” Bulletin Southern California Academy of Sciences 112, no. 3
(2013): 217–227, https://doi.org/10.3160/0038-3872-112.3.217.

12 of 12 Journal of Applied Ichthyology, 2026

http://doi.org/10.1111/jai.12941
http://doi.org/10.1111/jai.12941
http://doi.org/10.1111/jai.13680
https://fishbase.org
http://doi.org/10.3160/0038-3872-112.3.217

	Length–Weight and Condition Factor of 14 Elasmobranch Species Caught as Bycatch by Artisanal Shrimp Trawls in a Coastal Lagoon System From Northwest Mexico
	1. Introduction
	2. Material and Methods
	2.1. Study Area
	2.2. Sampling Fish and Data Analysis
	2.3. Data Analysis

	3. Results
	3.1. Length–Weight (LW), Length–Length (L-L) and Dorsal Length–Disc Width (L-DW) Relationships
	3.2. Condition Factor

	4. Discussion
	Acknowledgments
	Funding
	Disclosure
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	1MusickJ. A.BurgessG.CailletG.CambiM.FordhamS.Management of Sharks and Their Relatives (Elasmobranchii)Fisheries Magazine20002539132DulvyN. K.BaumJ. K.ClarkeS. A.You Can Swim but You Can’t Hide: The Global Status and Conservation of Oceanic and Pelagic Sharks and RaysAquatic Conservation: Marine and Freshwater Ecosystems200818545948210.1002/aqc.9753JorgensenS. J.MicheliF.WhiteT. D.Emergent Research and Priorities for Shark and Ray ConservationsEndangered Species Research20224717120310.3354/esr011694FauconnetL.MoratoT.DasD.First Assessment of Circle Hook as Bycatch Mitigation Measure for Deep-Water Sharks on Longline FisheriesFisheries Research2024270e10687710.1016/j.fishres.2023.1068775FrancisM. P.Temporal and Spatial Patterns of Habitat Use by Juveniles of Small Coast Shark (Mustelus lenticulatus) in an Estuarine NurseryPlos One201382e5702110.1371/journal.pone.00570216BornatowskiH.BragaR. R.SimõesV. J. R.Threats to Sharks in a Developing Country: The Need for Effective and Simple Conservation MeasuresNatureza & Consevação201412111187Márquez-FaríasJ. F.The Artisanal Ray Fishery in the Gulf of California: Development, Fisheries Research, and Management IssuesShark News2022148BizarroJ. J.SmithW. D.HueterR. E.Villavicencio-GarayzarC. J.Activities and Catch Composition of Artisanal Elasmobranch Fishing Sites of the Eastern Coast of Baja California Sur, MéxicoBulletin Southern California Academy of Sciences200910831371519CartamilD.Santana-MoralesO.Escobedo-OlveraM.The Artesanal Elasmobranch Fishery of the Pacific Coast of Baja California, MéxicoFisheries Research20111082-339340310.1016/j.fishres.2011.01.02010Ramírez-AmaroS. R.CartamilD.Galván-MagañaF.The Artisanal Elasmobranch Fishery of the Pacific Coast of Baja California Sur, México, Management ImplicationsScientia Marina201377347347811Santana-MoralesO.CartamilD.Sosa-NishizakiO.Zertuche-ChanesR.Hernández-GutiérrezE.GrahamJ.Artisanal Elasmobranch Fisheries of Northwestern Baja California, MéxicoCiencias Marinas202046111812FennessyS. T.Incidental Capture of Elasmobranchs by Commercial Prawn Trawlers on the Tugela Bank, Natal, South AfricaSouth African Journal of Marine Science199414128729610.2989/02577619478428709413HendersonA. C.McilwinJ. L.Al-OufiH. L.Al-SheileS.Al-AbriN.Sex Distribution and Sex Ratios of Sharks Caught by Oman’s Artisanal FisheryAfrican Journal of Marine Science200931223323914MinkoY. I. M.SadioO.MbegaJ. D.SchaalG.Le Loc’hF.Length-Weight Relationships of Elasmobranchs Caught by Artisanal Fisheries From Southern GabonJournal of Applied Ichthyology2025e482125815KohlerN. E.CaseyJ. G.TurnerP. A.Length-Weight Relationships for 13 Species of Sharks From the Western North AtlanticFishery Bulletin19959341241816FrancisM. P.Morphometric Minefields-Towards a Measurement Standard for Chondrichthyan FishesEnvironmental Biology of Fishes2006773-440742110.1007/s10641-006-9109-117MottaF. S.CaltabellottaF. P.NamoraR. C.GadigO. B. F.Length-Weight Relationships of Sharks Caught by Artisanal Fisheries From Southwestern BrazilJournal of Applied Ichthyology201330123924010.1111/jai.1223418Alejo-PlataM. C.Ahumada-SempoalM. A.Gómez-MárquezJ. L.González-AcostaA. F.Estructura Poblacional y Aspectos Reproductivos del Tiburón Piloto Carcharhinus falciformis (Müller & Henle, 1839) (Carcharhiniformes: Carcharhinidae) En la Costa de Oaxaca, MéxicoLatin American Journal of Aquatic Research201644351355219DominguesR. R.CaltabellottaF. P.AmorimA. F.Length-Length and Length-Weight Relationships of Carcharhinus falciformis and C. Signatus (Cahcharhinidae: Carcharhinus) Caught by Commercial Fisheries in the Southwest Atlantic OceanRegional Studies in Marine Science20166838610.1016/j.rsma.2016.03.01420IrschickD. J.FuA.LauderG.WilgaC.KuoC. Y.HammerschlagN.A Comparative Morphological Analysis of Body and Anal Fin Shape for Eight Shark SpeciesBiological Journal of the Linnean Society2017122358960410.1093/biolinnean/blx08821CorssoJ. T.GadigO. B. F.BarretoR. R. P.MottaF. S.Condition Analysis of the Brazilian Sharpnose Shark Rhizoprionodon lalandii: Evidence of Maternal Investment for Initial Post-Natal LifeJournal of Fish Biology20189361038104510.1111/jfb.1378022Celaya-CastilloC.Romero-BernyE. I.López-VilaJ. M.Arias-ArechigaJ. P.Size Structure and Length-Length Relationships for Two Shark Species (Chondrichthyes: Carcharhinidae) From and Artisanal Fishery in the Gulf of Tehuantepec, Southern MexicoRevista de Biología Marina y Oceanografía2022561623González-AcostaA. F.Rábago-QuirozC. H.Ruiz-CamposG.García-BorbónJ. A.Alejo-PlataM. C.Barrón-BarrazaF. J.Length-Weight and Length-Length Relationships of 39 Demersal Fish Species of an Estuarine-Coastal Ecosystem From the Northwestern of the Baja California PeninsulaJournal of Applied Ichthyology2024e640869724Rábago-QuirozC. H.González-AcostaA. F.Ruiz-CamposG.Franco-LópezJ.García-BorbónJ. A.MagañaJ. D.Composition and Zoogeography of Marine-Estuarine Fish From a Lagoon System in a Temperate-Tropical Transition Zone of the Eastern PacificRevista Mexicana de Biodiversidad202495e95530510.22201/ib.20078706e.2024.95.530525Blanco-ParraM. P.Márquez-FaríasF.Galván-MagañaF.Fishery and Morphometric Relationships of the Banded Guitarfish, Zapteryx exasperata (Elasmobranchii, Rhinobatidae), From the Gulf of California, MéxicoPan-American Journal of Aquatic Sciences20093445646526EhemannN. R.Pérez-PalafoxX. A.Mora-ZamaconaP.Size-Weight Relationships of Batoids Captured by Artisanal Fishery in the Southern Gulf of CaliforniaJournal of Applied Ichthyology2017331051105427De la Cruz-AgüeroJ.García-RodríguezF. J.Cota-GómezV. M.Length-Weight Relationships of Five Elasmobranch Species From the Pacific Coast of MexicoTurkish Journal of Fisheries and Aquatic Sciences2018181005100728Castro-AguirreJ. L.Espinosa-PérezH.Listados Faunísticos de MéxicoVII. Catálogo Sistemático de las Rayas y Especies Afines de México (Chondrichthyes: Elasmobranchii: Rajiformes: Batoidideiomorpha)1996México: Instituto de Biología, Universidad Nacional Autónoma de México29Espinosa-PérezH.Castro-AguirreJ. L.Huidobro-CamposL.Listados Faunísticos de México. IX. Catálogo Sistemático de Tiburones (Elasmobranchii: Selachimorpha)México, D.F.: Instituto de Biología, Universidad Nacional Autónoma de México200430LastR.WhiteW. T.de CarvalhoM. R.SeretB.StehmannM. F. W.NaylorG. J. P.Rays of the World2016CsirO Publishing31EbertD. A.DandoM.FowlerS.Sharks of the World: A Complete Guide2021Princeton University Press32RickerW. E.Linear Regression in Fisheries ResearchJournal of the Fisheries Research Board of Canada197330340943410.1139/f73-07233ZarJ. H.Biostatistical Analysis2010Pearson Education34ConeR. S.The Need to Reconsider the Use of Condition Indices in Fishery ScienceTransactions of the American Fisheries Society1989118551051410.1577/1548-8659(1989)118%3A0511:tntrtu%3E2.3.co;235StevensonR. D.WoodsW. A. Jr.Condition Indices for Conservation: New Uses for Evolving ToolsIntegrative and Comparative Biology20064661169119010.1093/icb/icl05236WheelerC. R.IrschickD. J.MandelmanJ. W.RummerJ. L.Nonlethally Assessment Elasmobranch Ontogenetic Shifts in EnergeticsJournal of Fish Biology2023103223524610.1111/jfb.1542537NissarS.BakhtiyarY.ZuberM.Length-Weight, Length-Length Relationships and Condition Factor of Crossocheilus diplochilus (Heckel) From Dale Lake of Kashimir HimalayasJournal of Ecophysiology and Occupational Health2024241515610.18311/jeoh/2024/3590738Le CrenE. D.The Length–weight Relationship and Seasonal Cycle in Gonad Weight and Condition in the Perch (Perca fluviatilis)Journal of Animal Ecology195120220121910.2307/154039FroeseR.Cube Law, Condition Factor and Weight-Length Relationships: History, Meta-Analysis and RecommendationsJournal of Applied Ichthyology200622424125310.1111/j.1439-0426.2006.00805.x40GubianiE. A.RuaroR.RibeiroV. R.Gomes-De Santa FeU. M.Relative Condition Factor: Le Cren’s Legacy for Fisheries ScienceActa Limnologica Brasiliensia202032e310.1590/s2179-975x1301741Fola-MatthewsO. O.SoyincaO. O.Lawal-AreA. O.Length-Weight Relationship and Condition Factor Estimation of the Common Smmoth-Hound Shark Mustelus mustelus off the Southwestern Coast of NigeriaEthiopian Journal of Environmental Studies & Management202316447448942RodríguezA.MendozaK.ParamoJ.Length-Weight Relationships and Relative Condition Factor of 53 Species of Shallow-Water Fish in the Colombian Caribbean SeaJournal of Applied Ichthyology2023e663246443FahmiSumadhihargaK.Size, Sex and Length Maturity of Four Common Sharks Caught From Western IndonesiaMarine Research in Indonesia200732171910.14203/mri.v32i1.42744PayánL. F.NaviaA. F.RubioE. A.Mejía-FallaP. A.Biología de la Raya Guitarra Rhinobatos leucorhynchus (Günther, 1867) (Rajiformes: Thinobatidae) en el Pacífico ColombianoLatin American Journal of Aquatic Research201139228629645NaderiM.ZareP.AvzarE.Estructura de Tallas y Relación Peso-Longitud del pez Guitarra Pinta, Rhinobatos glaucostigma (Rajiformes: Rhinobatidae) en la Plataforma Continental de Sinaloa, MéxicoJournal of Applied Ichthyology20132951177117810.1111/jai.1220146Lara-MendozaR. E.Márquez-FaríasJ. F.Length Structure and Weight-Length Relationship of the Slaty-Spotted Guitarfish, Rhinobatos glaucostigma (Rajiformes: Rhinobatidae) From Continental Shelf of Sinaloa, MexicoHidrobiologica201424211912747Romero-CaicedoA. F.Loor-AndradeP.Cruz-MartínezA.Carrera-FernándezM.Weight-Length Relationships of Six Batoids in the Ecuadorian PacificJournal of Applied Ichthyology201531596596610.1111/jai.1282948Pincay-EspinozaJ.DizF. R.Vélez-TacuriJ.Length.Weight Relationship of Four Batoid Species From the Pacific Coast of EcuadorRevista de Biología Marina y Oceanografía2022571576010.22370/rbmo.2022.57.1.336249NaviaA. F.GiraldoA.Mejía-FallaP. A.Notas Sobre la Biología y Dita del Toyo Vieja (Mustelus Lunulatus) en la Zona Central de Pesca del Pacífico ColombianoInvestigaciones Marinas200634221722250MárquezR.TavaresR.ArizaL. A.Elasmobranch Species in the Artisanal Fishery of Sucre State, VenezuelaCiencias Marinas201945418118810.7773/cm.v45i4.301851LteifM.MouawadR.JemaaS.KhalafG.LenfantP.Verdoit-JarrayaM.The Length-Weight Relationships of Three Sharks and Five Batoids in the Lebanese Marine Waters, Eastern MediterraneanEgyptian Journal of Aquatic Research201642447547710.1016/j.ejar.2016.09.00852RastgooA. R.FatemiM. R.ValinassabT.MortazaviM. S.Length-Weight Relationships for 10 Elasmobranch Species From Oman SeaJournal of Applied Ichthyology201632473473610.1111/jai.1294153GladstonY.AkhileshK. V.ThakurdasC.RaviO. P. K.AjinaS. M.ShenoyL.Length-Weight Relationship of Selected Elasmobranch Species From North-Eastern Arabian Sea, IndiaJournal of Applied Ichthyology20181731510.1111/jai.1368054KumarM. K.JayakumarN.KaruppasamyK.ManikandaveluD.UmaA.KavipriyaM.Length-Weight Relationships of Eight Elasmobranch Species Captures Along the Coromandel Coast of Tamil Nadu, Eastern Indian OceanJournal of Applied Ichthyology202137348749155FroeseR.PaulyD.FishBasehttps://fishbase.org (accessed 31 May 2024)56WilliamsC. M.WilliamsJ. P.ClaisseJ. T.PondellaD. J.DomeierM. L.ZahnL. A.Morphometric Relationships of Marine Fishes Common to Central California and the Southern California BightBulletin Southern California Academy of Sciences2013112321722710.3160/0038-3872-112.3.217




