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Abstract

A thorough study of target species, including the collection of data on their life-history traits, is essential for quantitative assessment
in fishery management and conservation programs to reduce the vulnerability of populations subject to fishing pressure. This study
aimed to analyze the size composition, length—weight relationships, condition factors, and catch volume of four of the most frequent
and commercially valuable species caught by small—scale fisheries operating in the Mexican Priority Marine Region 4 of the north-
western Pacific. The presently reported study was based on bycatch from shrimp trawls and commercial catches, and the data were
analyzed jointly and separately. Sampling was conducted to obtain length and weight data for four selected fish species: California
halibut, Paralichthys californicus (Ayres, 1859); finescale triggerfish, Balistes polylepis Steindachner, 1876; bullseye puffer, Sphoe-
roides annulatus (Jenyns, 1842); and the spotted sand bass, Paralabrax maculatofasciatus (Steindachner, 1868). A total of 3215 fish
individuals were studied, most of which corresponded to the spotted sand bass coming from bycatch. Size-frequency distributions
differed among species, with bycatch dominated by smaller size classes and artisanal commercial fisheries capturing larger individ-
uals, reflecting differential ontogenetic habitat use and fishing-gear selectivity. The length—weight parameter b ranged from 2.70 in
the bullseye puffer to 2.94 in spotted sand bass, indicating variation among species associated with the presence of both juvenile
and adult individuals in the samples; negative allometric growth was consistent across pooled groups, with length increasing pro-
portionally more than biomass. Relative condition factors exceeding 1.0 suggest favorable somatic growth conditions for all species
and the capacity to assimilate available energy over extended periods. Size at first capture (L) varied among species and groups
and differed from published estimates of size at sexual maturity, while S. annulatus and Paralichthys californicus contributed most
substantially to total catches during the study period. Overall, this assessment of size composition, length—weight relationships,
condition factors, and catch data for the most frequent and commercially valuable species in the Bahia Magdalena—Almejas lagoon
system, based on both bycatch and commercial fisheries, provides useful information for evaluating potential fishing impacts and
reducing the vulnerability of exploited populations within this marine priority region.

Copyright Rabago-Quiroz et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted use, dis-
tribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

Among the main problems faced during the study of pop-
ulations obtained from a series of samples is the deter-
mination of the magnitude and sources of the expected
variability that arises from characteristics associated with
sampling techniques (Clyde 1953). Therefore, a thorough
study of the target species, based on the collection of data
on their life-history traits, is essential for quantitative as-
sessment in fisheries management and conservation pro-
grams, to reduce the vulnerability of populations under
fishing pressure (Gonzalez-Acosta et al. 2024).

Fishing activity in coastal areas is largely conducted
by small-scale fisheries that use both selective gears (e.g.,
gill nets, longlines, traps) and non-selective gears (e.g.,
trawls), collectively accounting for a substantial share of
global (75%) fish catches. Although these fisheries tar-
get a range of commercially valuable species, they can
directly and indirectly affect the sustainability of fishery
resources and marine biodiversity (Reis-Filho et al. 2019;
Adamidou et al. 2023; Peixoto et al. 2025). Fishing pres-
sure can contribute to overexploitation and associated
changes in biological communities and trophic structure
(Alverson et al. 1996; Hall 1996; Aguirre-Villasefior et al.
2025). However, assessments based solely on fishery data
from target species may be insufficient to quantitative-
ly detect fishing impacts on coastal fish populations and
ecosystems because such analyses provide only a partial
view of exploited stocks and represent only a fraction of
the total catch (Cook and Heath 2018).

The Northwestern Mexican Pacific, including Baja
California Sur, is recognized as one of the most produc-
tive fishing regions worldwide (Finkbeiner and Basurto
2015) and represents the principal fishing zone in the state
(Ojeda-Ruiz et al. 2018; Gonzalez-Acosta et al. 2024).
Within this region, artisanal fisheries operate under mul-
tispecies and multigear modalities, and the collection of
biological variables for exploited species—such as length
and weight—is fundamental to fisheries assessment and
management (Mendoza-Portillo et al. 2020). This infor-
mation allows us to understand the specific condition of
each population, as well as the influence of seasonality,
the reproductive cycle, and the condition factor (Woo-
ton 1998). Since teleost fish represent a significant per-
centage of total global catches, the scarcity of biological
and historical data covering the entire fishing period has
hindered the effective application of quantitative popu-
lation assessments. Thus, we present a comprehensive
analysis based on biological data (e.g., total and standard
length, and biomass) for four commercially valuable fish

species captured within Mexican Priority Marine Region
4 (PMR 4: Bahia Magdalena) in the northwestern Pacific.
Specifically, we evaluate size structure, length—weight re-
lationships, condition factors, and catch volume for spe-
cies exploited by small-scale fisheries, including shrimp
trawling and multigear artisanal fishing, to characterize
how multispecies, multigear fishing modalities may influ-
ence the populations of these exploited species.

Material and methods

The Mexican Prioritary Marine Regions (PMRs) com-
prise 76 polygons of coastal and oceanic zones included
in the exclusive economic zone of Mexico, which were
established for the conservation and sustainable manage-
ment of the sites of greatest biodiversity and those of cur-
rent or potential use in Mexico (CONABIO 2026).

Study area. Priority Marine Region 4 (PMR 4: Bahia
Magdalena) is located on the western coast of the Baja
California Peninsula, Mexico (25°42.0333'-23°43.8'N,
112°55.8'-111°21.6'W), within a transition zone influ-
enced by the California Current and the North Equato-
rial Current. These oceanographic conditions promote
cold—temperate waters that characterize the region
(Arriaga-Cabrera et al. 1998). PMR4 encompasses
the Bahia Magdalena—Almejas lagoon system (BMA;
24°21'-24°46'N, 110°30'-112°15'W) and adjacent ma-
rine areas of the northwestern Mexican Pacific (Fig. 1).
This coastal ecosystem includes extensive mangrove
habitats that support a high diversity of fish species and
function as key areas for breeding, recruitment, and feed-
ing (Gonzalez-Acosta et al. 2024; Rabago-Quiroz et al.
2024). The region is also among the most productive
coastal systems in Mexico, where artisanal fisheries—
alongside industrial sardine fishing—target a wide range
of mollusks, crustaceans, and finfish species (Garcia-
Martinez and Chavez-Ortiz 2007).

Sampling. Sampling was conducted to obtain length and
weight data for four selected fish species: California halibut,
Paralichthys californicus (Ayres, 1859); finescale trigger-
fish, Balistes polylepis Steindachner, 1876; bullseye puffer,
Sphoeroides annulatus (Jenyns, 1842); and the spotted sand
bass, Paralabrax maculatofasciatus (Steindachner, 1868).
Specimens were obtained from shrimp-trawl bycatch col-
lected monthly during both the open (September—February)
and closed (March—August) shrimp fishing seasons from
2014 to 2022. The catch data corresponding to the closed
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Figure 1. Location of the Bahia Magdalena—Almejas lagoon system in Baja California Sur, Mexico; shrimp trawl sampling sites
are indicated by grey polygons (A). Bycatch from a single shrimp trawl; dashed white circles indicate the four focal species: Para-
lichthys californicus, Balistes polylepis, Sphoeroides annulatus, and Paralabrax maculatofasciatus (B).

season were carried out complementary to the open season
to cover a longer sampling period (e.g., Gonzalez-Acosta
et al. 2024, 2026). Bycatch samples were taken from small
fiberglass boats (pangas) operating shrimp trawl nets with
16—17 m headline (top rope) and 35 mm mesh size, towed
at approximately 2 knots (Gonzalez-Acosta et al. 2024;
Rébago-Quiroz et al. 2024).

After capture, specimens were frozen (—4°C) and
transported to the laboratory of the Centro Regional de
Investigacion Acuicola y Pesquera—La Paz, Baja Califor-
nia Sur, Mexico (CRIAP La Paz—IMIPAS), where they
were taxonomically identified using specialized keys
and catalogues (Fischer et al. 1995; Robertson and Al-
len 2015; Love and Passarelli 2020). In the laboratory,
individuals were counted, measured for total length (TL;
from the tip of the snout to the end of the caudal fin), and
weighed for total weight (TW) using a measuring tape
[0.1 cm] and a digital balance [0.1 g], respectively.

In addition, specimens of the same species captured by
the artisanal commercial fleet were sampled from 2014 to
2022 at fish-processing sites in Puerto San Carlos, Baja
California Sur (Fig. 1). The artisanal fleet operates pangas
and uses multiple gear types to capture the focal species,
including gillnets with 13—20 cm mesh size for California
halibut; gillnets, traps, and hook-and-line of various sizes
for finescale triggerfish and spotted sand bass; and traps
and demersal trawls for bullseye puffer. All specimens
were identified using the visual guides cited above and
were measured for TL [cm] and TW [g].

Data analysis. The selected species were analyzed sep-
arately using data from artisanal commercial catches
(Comm-Esc), shrimp-trawl bycatch (bycatch), and the
combined dataset. Because annual sample sizes were
limited for the focal species, all analyses were conducted
using pooled data from 2014-2022 period.

Sizes data. Total length (TL) data for each species
were grouped into 3-cm class intervals to compare
size-frequency distributions. Relative size frequencies
were calculated as proportions to facilitate compar-
isons among datasets. Differences in size-frequency
distributions between fishing datasets were evaluated
using a two-sample Kolmogorov—Smirnov test (Gotelli
and Ellison 2004).

Length—weight relationships. Length—weight relation-
ship (LWR) was calculated for each species using pooled
sexes because sex could not be reliably determined during
the sampling event. The relationship between length and
weight was fitted using the power function

W = aL®

where W is calculated total weight [g], L is total length
[cm], a is the intercept, and b is the allometric coefficient
(Ricker 1973). To identify and remove outliers, length
and weight values were transformed to logarithm (In)
(Froese 2006). The coefficient of determination (R?) was
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used to evaluate the strength of the association. The 95%
confidence intervals for parameters a and b were calcu-
lated in Statistica 10.0 (StatSoft Inc., Tulsa, OK, USA).
Significant deviations of b from 3.0 (a < 0.05) were as-
sessed using Student’s ¢ test (Zar 2010), and growth was
classified as isometric when b = 3.0, positively allometric
when b > 3.0, and negatively allometric when b < 3.0
(Jiang et al. 2017; Hong et al. 2020).

Condition factor. Le Cren’s relative weight condition fac-
tor (K ) was estimated for each individual using the formula:

Kn=W, -W.!

Where W_ is the observed total weight and W_ is the ex-
pected (calculated) total weight derived from the length—
weight relationship, W_ = aL’ (Le Cren 1951). Values of
K > 1.0 were interpreted as an indicator of good somatic
condition. Data processing was conducted in Microsoft
Excel, and statistical tests (Student’s ¢ test) were per-
formed in Statistica 10.0 (StatSoft Inc., Tulsa, OK, USA).

Size at first capture (L, ). Because the selectivity—length
relationship is typically described by a logistic curve,
size at first capture (L,)) was estimated by fitting a lo-
gistic function using nonlinear least-squares procedures
following Gulland (1983):

1

S(L50) = 1+651*52(Lt)

where §'is selectivity, L, is the length of the individual (or
length class), and S, and S, are constants in the linear rela-
tionship between log-transformed net size and the size of
captured organisms. The resulting model represents the
probability that an organism will be retained by the gear
as a function of its size (Sparre and Venema 1997). Size at
first capture (L,,) was defined as the length corresponding
to 50% retention on the fitted logistic curve. Based on
this, L., was calculated for each species using pooled sex-
es and separately using data from artisanal commercial

catches (Comm-Esc), and shrimp-trawl bycatch (by-
catch), respectively. Estimates of L, were compared with
published values of size at sexual maturity for each spe-
cies to evaluate potential differences between the onset of
vulnerability to capture and reproductive maturity.

Official landings. To assess the relative importance of
each selected species in Baja California Sur, Mexico, in
terms of catch volume and landed value, we compiled
official annual landings statistics for 2014-2022 from
the National Commission of Aquaculture and Fisheries
(CONAPESCA) production database available at https://
historico.datos.gob.mx/busca/dataset/produccion-pes-
quera. Using these records, we also estimated the propor-
tional contribution of each species to total catches in the
Bahia Magdalena—Almejas (BMA) lagoon system and
across Baja California Sur.

Results

The presently reported study analyzed 3215 specimens of
four selected species (Paralichthys californicus, Balistes
polylepis, Sphoeroides annulatus, and Paralabrax macu-
latofasciatus) collected from artisanal commercial catches
(Comm-Esc; n=851) and shrimp-trawl bycatch (n =2364)
in the Bahia Magdalena—Almejas (BMA) lagoon system
(PMR4), Baja California Sur, Mexico, during 20142022
(Table 1). Species composition differed among datasets. In
the combined dataset and in bycatch alone, spotted sand
bass (P. maculatofasciatus) was the most abundant species,
representing 62.0% and 81.6% of total catch, respectively.
In contrast, in the Comm-Esc dataset, California halibut (P,
californicus) was the most abundant species, accounting
for 61.1% of the total catch (Table 1).

Size frequency. Total length (TL) of the four selected
species ranged from 6 to 39 cm in shrimp—trawl bycatch
and from 17.3 to 81.5 cm in artisanal commercial catches.
The widest size range in the pooled dataset was observed

Table 1. Total length, total weight, and sample size of four selected species collected during 2014-2022 in the Bahia Magdalena—

Almejas (BMA) lagoon system.

. . Total length [cm] Total weight [g] K-S test
Family Species Data type n . "

Min Max Mean SD Min Max  Mean SD P-value
Paralichthyidae  Paralichthys californicus Comm-Esc 520 26.5 81.5 48.6 88 195.0 5610.0 1352.1 808.7
Bycatch 118 140 39.0 258 6.03 246 6422 2044 139.6

Pooled 638 140 81.5 444 122 246 56100 1139.8 8575 *<0.001
Balistidae Balistes polylepis Comm-Esc 99 254 561 39.1 727 2550 2595.0 1023.8 547.2
Bycatch 163 6.0 331 160 526 80 637.6 9993 97.16

Pooled 262 6.0 56.1 248 12.7 8 2595.0 449.0 5654 *<0.001
Tetraodontidae Sphoeroides annulatus ~ Comm-Esc 169 22.1 420 30.0 4.0 2299 13740 5950 2194
Bycatch 153 75 360 180 68 103 9719 183.8 209.7

Pooled 322 75 420 243 81 103 13740 399.6 2972 *<0.001
Serranidae Paralabrax Comm-Esc 63 173 460 336 64 950 1223.0 553.1 297.1
maculatofasciatus Bycatch 1930 83 298 153 29 92 3568 54.4 36.9

Pooled 1993 83 460 158 44 92 1223.0 702 1081 *<0.001

Data are presented separately for artisanal commercial catches (Comm-Esc) and shrimp-trawl bycatch (Bycatch). z is the number of sampled individu-
als per species, SD is the standard deviation, and P-values correspond to the two-sample Kolmogorov—Smirnov test (K-S). (*) Significant differences.
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for Paralichthys californicus (14.0-81.5 cm TL).
Length—frequency distributions indicated that bycatch
was dominated by smaller size classes across all species.
Two-sample Kolmogorov—Smirnov tests confirmed sig-
nificant differences in size distributions for each species
between datasets (Table 1; Fig. 2).

Length—weight relationship. Regression analyses for
the four selected species indicated strong and statisti-
cally significant relationships between total length (TL)
and total weight (TW) (R?>0.93, p <0.005). For pooled
data, the length—weight parameter b ranged from 2.70
in Sphoeroides annulatus to 2.94 in Paralabrax mac-
ulatofasciatus. Student’s ¢ tests indicated significant

deviations from isometry, consistent with negative al-
lometric growth (b < 3, P < 0.001) for these four spe-
cies (Table 2). In the Comm-Esc dataset, b ranged from
2.60 in Balistes polylepis to 2.93 in P. maculatofascia-
tus, indicating negative allometric growth in the former
and approximately isometric growth in the latter. In
the bycatch dataset, b ranged from 2.80 in B. polylepis
to 3.10 in Paralichthys californicus, corresponding to
negative allometric growth and approximately isomet-
ric to slightly positive allometric growth, respectively
(Table 2). Species-specific estimates of b for shrimp by-
catch and artisanal commercial catches are summarized
in Table 2, and the fitted length—weight regressions for
each species are shown in Fig. 3.
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Figure 2. Length—frequency distributions of (A) Paralichthys californicus, (B) Balistes polylepis, (C) Sphoeroides annulatus, and

(D) Paralabrax maculatofasciatus in the Bahia Magdalena—Almejas (BMA) lagoon system, Baja California Sur, Mexico. Dash-dot

lines represent artisanal commercial catches, solid lines represent shrimp-trawl bycatch, and gray bars represent pooled data.

Table 2. Length—weight relationship parameters of four selected species collected during 2014-2022 in the Bahia Magdalena—Al-

mejas (BMA) lagoon system.

Fish Species Data type n a (IC 95%) b (IC 95%) R? GT tStudent P-value
Paralichthys californicus Comm-Esc 520 0.0161 (0.0121-0.0201) 2.898 (2.838-2.958) 0.937 A~ 3.342 *0.039
Bycatch 118 0.0071 (0.0031-0.0111) 3.112 (2.952-3.272) 0.952 I 2.628 0.059
Pooled 638 0.0155 (0.0125-0.0185) 2.907 (2.855-2.959) 0.954 A 6.031 *0.013
Balistes polylepis Comm-Esc 99 0.0312 (0.0152-0.0472) 2.814 (2.683-2.945) 0.958 A 3.175 *0.043
Bycatch 163 0.0318 (0.0248-0.0388) 2.806 (2.739-2.873) 0.977 A~ 6.793 *0.010
Pooled 262 0.0309 (0.0229-0.0389) 2.816 (2.749-2.883) 0.985 A 12.083 *0.003
Sphoeroides annulatus Comm-Esc 169 0.0809 (0.0499-0.1119) 2.607 (2.497-2.717) 0.929 A 6.782 *0.010
Bycatch 153 0.0350 (0.0270-0.0430) 2.850 (2.778-2.922) 0.983 A~ 4.225 *0.026
Pooled 322 0.0585 (0.0445-0.0725) 2.699 (2.630-2.768) 0.975 A 15.825 *0.002
Paralabrax Comm-Esc 63 0.0168 (0.0098-0.0238) 2.932 (2.811-3.053) 0.981 I 1.376 0.151
maculatofasciatus Bycatch 1930  0.0132(0.0122-0.0142) 3.013 (2.992-3.034) 0.968 I 0.098 0.214
Pooled 1993 0.0164 (0.0154-0.0174) 2.939 (2.929-2.949) 0.992 A 6.107 *0.013

Data are presented separately for artisanal commercial catches (Comm-Esc) and shrimp-trawl bycatch (Bycatch). Parameters a and b correspond
to the length—weight relationship, CI denotes the confidence interval, R? is the coefficient of determination, GT = growth type (I = isometric,
A" = negative allometric), and P-values are from Student’s 7 test. Significant differences (*).
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Figure 3. Length—weight relationship plots for (A) Paralichthys californicus, (B) Balistes polylepis, (C) Sphoeroides annulatus,
and (D) Paralabrax maculatofasciatus in the BMA lagoon system, Baja California Sur, Mexico. Gray circles indicate length—weight
pairs from artisanal commercial catches, black circles indicate length—weight pairs from shrimp-trawl bycatch, and the dotted line

shows the fitted trend.

Condition factor. Across all four species and datasets
(commercial catch, bycatch, and pooled), mean Le Cren’s
condition factor (K ) values were close to or above 1.0 and
differed significantly from 1.0 (Student’s ¢ test, P < 0.01),
indicating generally good somatic condition (Table 3).

Table 3. Summary statistics of Le Cren’s relative condition
factor for four selected species in the Bahia Magdalena—Alme-
jas (BMA) lagoon system.

Relative weight condition

Mean K varied among datasets: in the pooled dataset, Fish species Data type e facn);/leanisn
values ranged~fr0m 0.954 .for. Sphoeroides annulatus to Paralichthys CommEse 06651420 0987 <0.127
1.049 for Balistes pol)./lepzs; in the Cgmm—Esc dataset, californicus Bycatch 07261307 0.996+0.113
from 0.987 for Parallchfhys cahfomzcus to 0.996 for Pooled  0.656-1420 0.969 < 0.131
Paralabrax maculatof asciatus; and in the bycatCh dat.a_ Balistes polylepis Comm-Esc  0.688-1.206 0.988 +0.107
set, from 0.976 for S. annu.lan.ts to 1.085 for B. polylepz;. Bycatch 07321711  1.085+0.176
Over.al.l, mean K Va.lues 1ndlca'ted a faV(.)r.able §0matlc Pooled  0.689-1.721  1.049 < 0.163
condition across species and fishing modalities (Fig. 4). Sphoeroides annulatus Comm-Esc  0.715-1.235  0.996 % 0.099

Bycatch 0.354-1.875 0.976 +0.152
Size at first capture (L_). Size at first capture (L) differed Pooled  0305-1.552 0954+ 0.136
between the Comm-Esc and bycatch datasets. For Para- Paralabrax Comm-FEsc  0.845-1327 0.996 < 0.079
lichthys californicus, the estimated L,, was 24.5 cm TL maculatofasciatus Bycatch  0.556-1.577  1.006 % 0.102
(Comm-Esc) and 46.9 cm TL (bycatch). For Balistes polyl- Pooled  0.550-1534 0.992+0.100

epis, L., was 14.7 cm TL (Comm-Esc) and 37.8 cm TL (by-
catch); for Sphoeroides annulatus, 16.4 cm TL (Comm-Esc)
and 28.7 cm TL (bycatch); and finally, Paralabrax macu-
latofasciatus, 13.8 cm TL (Comm-Esc) and 32.3 cm TL
(bycatch) (Fig. 5). Comparisons between published sizes
at sexual maturity (dotted lines) and the L, estimates ob-
tained here indicated differences for most species (Fig. 5).

Officials catch data. During the study period (2014—
2022), the two species with the highest mean catch
contributions in the Bahia Magdalena—Almejas (BMA)
lagoon system were Sphoeroides annulatus (394 t) and
Paralichthys californicus (393 t) (Fig. 6A, C). Nota-
bly, landings of S. annulatus from the BMA lagoon

Data are presented separately for artisanal commercial catches (Comm-
Esc) and shrimp-trawl bycatch (Bycatch). SD (standard deviation).

system accounted for approximately 74%—-91% of the
total catch reported for the state of Baja California Sur
during this period (Fig. 7C).

Discussion

A comprehensive assessment of small-scale fisheries
targeting multiple species and using different fishing
gears can provide valuable insights into the cumulative
impacts of fishing pressure on exploited fish populations
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(Aguirre-Villasefior et al. 2025; Peixoto et al. 2025),
thereby contributing to the reduction of population vul-
nerability. The scarcity of historical data on bycatch and
discard mortality associated with artisanal fisheries re-
mains a major limitation in fisheries assessments and has

contributed to overfishing, with cascading effects on bio-
logical communities and trophic structure in marine eco-
systems (Alverson et al. 1996; Hall 1996). These aspects
remain poorly studied in many regions. In this context, the
presently reported study evaluated size structure, length—
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weight relationships, condition factor, and catch patterns
of four of the most frequent and commercially valuable
fish species exploited by small—scale fisheries in the Bahia
Magdalena—Almejas (BMA) lagoon system, located in
the southwestern region of Baja California peninsula.
Size-frequency analyses revealed clear differences
between shrimp-trawl bycatch and artisanal commercial
catches, with bycatch dominated by smaller size class-
es and commercial fisheries capturing larger individuals
(Table 1; Fig. 2). These differences likely reflect ontoge-
netic habitat use, gear selectivity, mesh size, and fishing
effort (Kaller et al. 2022). Shrimp-trawl bycatch typically

included younger life stages, whereas commercial fish-
eries preferentially targeted larger, marketable individu-
als (Fig. 2). Size ranges observed in bycatch for the four
species were consistent with those previously reported
for the same ecosystem (Gonzalez-Acosta et al. 2024),
although they were smaller than maximum sizes docu-
mented in FishBase (Froese and Pauly 2025). Similar pat-
terns have been reported for bullseye puffer, where size
distributions reflect both life-stage diversity and selective
fishing practices, with fisheries targeting intermediate
sizes and rarely capturing older individuals (Aguirre-Vil-
lasefor et al. 2025).
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The b parameter of the length—weight relationship for
all four species studied here fell within the known biolog-
ical range of 2.5-3.5 (Froese 2006) and was consistent
with values previously reported for these species in this
region (Gonzalez-Acosta et al. 2024) as well as FishBase
(Froese and Pauly 2025). Differences in b values among
pooled, bycatch, and commercial datasets likely reflect
the predominance of juveniles in bycatch samples and
adults in commercial catches. Except for Balistes polyl-
epis, larger individuals captured in commercial fisheries
generally exhibited higher b values than smaller individu-
als from bycatch, suggesting ontogenetic shifts in growth,
whereby adults gain proportionally more weight per unit
length than juveniles. Because length—weight parameters
were estimated as mean values across multiple fishing
events over an extended period (2014-2022), these re-
sults should be interpreted with caution outside the length
ranges examined in this study (Table 2; Fig. 3).

Negative allometric growth was predominant in pooled
datasets, with isometric growth observed for Paralichthys
californicus and Paralabrax maculatofasciatus in some
fishing modalities (Table 2). The parameter b reflects mul-
tidimensional growth processes that vary throughout on-
togeny until sexual maturity is reached (Kaller et al. 2022;
Gonzalez-Acosta et al. 2024). Negative allometric growth,
commonly observed in fishes and often associated with fe-
males, reflects a greater proportional increase in length rel-
ative to biomass (Barros et al. 2023). For the bullseye puft-
er, the negative allometry reported here contrasts with the
positive allometric growth described by Aguirre-Villasefior
et al. (2025), likely reflecting regional differences in popu-
lation structure, habitat use, or sampling composition.

Relative condition factor values for all species were
close to or greater than 1.0 across pooled, bycatch, and
commercial datasets, indicating generally good somatic
condition and suggesting favorable environmental con-
ditions within the BMA lagoon system (Lagler 1956).
These values reflect the capacity of individuals to as-
similate available energy over time (Kaller et al. 2022)
and may also be influenced by variation in size structure,
maturity stage, and fishing pressure (Table 3; Fig. 4). As
condition factors were calculated using mean parameters
over the study period, interpretations should be limited to
the observed weight ranges (Table 3; Fig. 4).

Estimates of size at first capture (L, ) differed marked-
ly between bycatch and commercial fisheries, reflecting
the contrasting size ranges targeted by each fishing mo-
dality (Fig. 5). These findings underscore the importance
of incorporating multiple fisheries and gear types in as-
sessments, as analyses based solely on target species or
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