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ARTICLE INFO ABSTRACT

Article history: The large benthic mollusc Chiton articulatus, known locally as “sea cockroach”, is commercialized
Received 17 December 2022 among tourists and locals at Acapulco Bay for its muscular foot (i.e., the edible meat), so it is
Received in revised form 18 March 2023 harvested intensely. However, it has not been declared a fishing resource. Acapulco Bay is the main
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sites, where it is harvested sporadically. The population size structure, allometry (through length-

Keywords: weight relationship), and body condition of C. articulatus were characterized based on monthly harvest
Allometry scaling data obtained over course of one year in Acapulco Bay. The harvest was carried out by an exclusive
Mollusc harvest chiton fisherman known as the “cucarachero” or “sea cockroach harvester”. The total harvest was
Chiton 16,211 specimens/fisherman/year, with an estimate of 88-121 kg/fisherman/year of chiton. 97% of the
Length-weight relationship total catch was concentrated between 30-60 mm in total length, i.e., the juvenile to adult stages. The

Traditional fishing
Human exploitation
Ontogenetic allometry

length-weight relationship showed positive allometry during the sub-juvenile to juvenile stages (b =
3.16) but negative allometry during the subadult (b = 2.51) and adult stages (b = 2.84). The entire size
range showed negative allometry (b = 2.78), which is consistent with an indeterminate length growth.
The body condition “K” ranged on average between 16.3 and 20, showing significant differences
between class intervals; however, over time, three condition periods were generated that related to the
reproductive season and feeding of the species. While the size structure of C. articulatus in Acapulco
appears to be stable over time, the size classes at sexual maturity are strongly harvested, which could
lead to a depleted population structure. Currently, 15 fishermen collect chitons in Acapulco, collectively
representing approximately 1.5 £+ 0.3 tons/year. This information could be useful for making future
management decisions related to the harvest of the species and establishing catch quotas.

© 2023 Elsevier B.V. All rights reserved.

1. Introduction invertebrate species (particularly molluscs) inhabiting this en-
vironment may have cultural, social, and commercial value, so
their harvest and catch are expected to increase in the future
(Thompson et al., 2002; Anderson et al., 2011). Since prehistoric

mental conditions and fapnal assem_blages. Th!s is the meet.mg times, intertidal invertebrates have been important in traditional
place of land and sea, subject to continuous environmental shifts, medicine (Herbert et al, 2003), food, and the manufacture of

where a wide variety of marine invertebrates live. Many marine offerings and work instruments (Velizquez-Castro et al.,, 2017).
More recently, their popularity has escalated as a target for hu-
man exploitation, contributing to livelihood and well-being with
socioeconomic value (Allen, 2017).

Human harvesting of marine invertebrates from intertidal

The rocky intertidal zone is unique in terms of its environ-
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non-harvested and harvested areas have demonstrated that, in
harvested areas, the size frequency distribution is skewed to-
wards organisms with small sizes (Sousa et al, 2020a) - for
example, the gastropod Concholepas concholepas (Castilla and Du-
ran, 1985) and the limpets Patella ferruginea (Espinosa et al., 2009;
Coppa et al,, 2016), P. aspera (Sousa et al., 2020b), Cymbula gra-
natina, C. oculus, and Scutellastra argenvillei (Baliwe et al., 2022).
Harvesters generally tend to select the largest specimen available,
leading to reduced densities and mean or modal sizes, truncating
the population age (or size) structure. This “recruitment overfish-
ing” (Fenberg and Roy, 2008, 2012; Riera et al., 2016) leads to a
smaller size at sexual maturity (Espinosa et al., 2009), reduced
reproductive outcomes (Fenberg and Roy, 2008), recruitment fail-
ure (Riera et al,, 2016), and compromised resilience of exploited
stocks (Stenseth and Rouyer, 2008).

When an ecosystem is altered by human exploitation, it can
be assessed through fisheries’ biological aspects, such as the
population size structure, to understand the dynamics and status
population (Neumann and Allen, 2007). Length-weight relation-
ships are used to calculate biomass in stock assessment models
(Morato et al., 2001; Jellyman et al., 2013; Osei et al., 2021) and to
assess individual body growth allometry (Baxter and Jones, 1986),
mortality rates, fecundity, some reproduction topics (Anderson
and Neumann, 1996), and body condition indices as an indicator
of the level of individual or population fitness (Froese, 2006;
Stevenson and Woods, 2006; Peig and Green, 2009, 2010).

In México, there are approximately 15 species of marine in-
vertebrates belonging to the phyla Mollusca, Crustacea, as well as
some Echinodermata, with commercial importance. These species
have been declared and registered as fishery resources, and their
regulation was updated in the latest version of the National
Fisheries Charter (DOF, 2018). However, other coastal marine
invertebrates are also harvested and marketed, although they lack
fishery status or regulation. This is the case of the polyplacophore
mollusc Chiton articulatus, known as “chiton”. A report published
by the FAO nearly three decades ago predicted that C. articulatus
had the economic potential to become a coastal artisanal fishery
(Poutiers, 1995).

This species, known locally as “Dog’s Tongue” or “Sea Cock-
roach”, inhabits the rocky intertidal zone and is endemic to the
Mexican Tropical Pacific along eight latitudinal degrees (between
latitudes 15°N - 23°N), over approximately 1900 km of coast-
line between Puerto Angel, Oaxaca (15°39'36”N) and Barras de
Piaxtla, Sinaloa (23°38’51”N) (Bullock, 1988; Reyes-Gomez, 2004;
Reyes-Gomez et al., 2022). In addition, its distribution includes
the three oceanic islands of San Benedicto, Socorro, and Clarion
within the Revillagigedo Archipelago, Colima (18°49'N; Ferreira,
1983).

Chiton articulatus is harvested for its muscular foot (i.e., the
edible meat portion), for the elaboration of dishes and appetizers
with commercial values equal to or greater than those of shrimp
dishes in restaurants (Garcia-Ibafiez et al., 2013; Avila-Poveda
and Valencia-Cayetano, pers. obs.). Harvesting occurs in several
places throughout the geographic distribution of this species
(Holguin-Quifiones, 2006; Flores-Garza et al., 2012; Garcia-Ibafiez
et al,, 2013; Avila-Poveda, pers. obs.) but mostly in the Bay of
Acapulco, México, where the greatest supply and demand are
found (Garcia-Ibafez et al., 2013; Olea-de la Cruz et al., 2013).
Therefore, Acapulco Bay can be considered the main harvesting
(fishing) area for C. articulatus, providing a good scenario to
explore its potential for harvesting. This is especially important
given the social, economic, and culturally importance of chiton
harvest in the locality, which engages approximately 12-15 chi-
ton harvestmen or “fishermen”, known locally as “cucarachero”
or “the sea cockroach harvester” (i.e., exclusive chiton artisanal
fisherman; Valencia-Cayetano, pers. obs.).
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Chiton articulatus is the largest, most abundant Polyplacophora
mollusc in the Mexican Tropical Pacific. These characteristics
make it a target species for harvest (Garcia-Ibafiez et al., 2013)
with biotechnology potential (Cakmak et al., 2022), despite not
being under Mexican fishing law. The objective of this study
is to evaluate the population size structure, allometry (through
length-weight relationship), and body condition of C. articulatus
harvested monthly over one year. The samples were obtained
from different extraction points along Acapulco Bay, México, and
were harvested by a single “cucarachero”.

2. Materials and methods
2.1. Harvest site characteristics

Acapulco Bay is located in the state of Guerrero in south-
ern México (16°51'42”N, 99°53'11”W, Fig. 1) and is considered
one of the most important tourist harbors on the Mexican Pa-
cific coast (Marmolejo-Rodriguez et al., 2017). The Acapulco Bay
bathymetric is up to 50 m, referred to as the mean sea level
(Ortiz-Huerta et al., 2018). Geomorphically, the Guerrero coast-
line is a morphotectonic region flanked by a seismic gap that
extends from the Orozco Fracture Zone (“OFZ”) to the O’Gorman
Fracture Zone (“OGFZ”). The continental shelf of Guerrero is 2
km narrow with a coastal landscape characterized by low deltaic
alluvial plains, with estuaries and deltas, sandbanks, and berms
alternating with metamorphic rocky points, steep and rocky cliffs,
platforms, and wave-cut notches in bedrock, marine terraces, and
river terraces (Ramirez-Herrera and Urrutia-Fucugauchi, 1999).
The chiton harvest area consists of rocky intertidal zones, mainly
in sites exposed to wave action. They present a diversity of sub-
strates, with variable dimensions from boulders to large blocks
of rock, with diverse textures from smooth to rough and a large
presence of cracks and cavities that serve as habitats for several
intertidal benthic invertebrates, including C. articulatus. Five har-
vest zones were defined as a posteriori (A1-A5), according to the
spatial clustering of fishing sites (Fig. 1).

2.2. Data measurement in chitons

For one year between May 2018 and May 2019, the commer-
cial chiton harvesting by a “cucarachero” was recorded twice a
month. This “cucarachero” lives from the chiton harvest and has
been dedicated exclusively and continuously to chiton fishing for
over 25 years, for 6 days each week. The “cucarachero” selected
the harvest site. The fishing gear was a metal rod approximately
80 cm long, with a sharp end and a rubber grip (see Fig. 3 in
Olea-de la Cruz et al., 2013). The harvesting procedure consisted
of inserting the metal rod at one edge and through the mantle
girdle to the pallial groove of the chiton to produce leverage and
be able to remove it from the substrate to which it has adhered
in cracks or crevices in the rocks. Harvesting was always done in
the morning, regardless of the tide level, because the fisherman
needed to return before noon to sell the chitons. The harvesting
time was approximately 1.37 £ 0.36 h per day. The total body
length (TL) of each specimen on its anteroposterior axis, including
the mantle girdle, was recorded with a digital Vernier caliper
(£ 0.1 mm). Organisms showing extreme damage to the mantle
girdle due to extraction and those with curling were excluded
(<10% of the catches). The total body weight (TW £ 0.01 g),
which includes the shell, i.e., the collective whole of valves - also
called plates or sclerites — was recorded (Avila-Poveda, 2013).

2.3. Population size structure

Population size structure is the frequency of individuals within
different size classes of a population (Neumann and Allen, 2007).
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Fig. 1. Sampling area and harvest sites (A-I to A-V) at Acapulco Bay, Guerrero, México. The map projection is WGS84. Made with shapefiles of CONABIO

(http://www.conabio.gob.mx/informacion/gis/).

Relative frequency histograms were plotted for both TL and
TW, using Sturges’ rule to define class intervals (Sturges, 1926;
Scherrer, 1984). A Kruskal-Wallis nonparametric test followed
by Dunn’s post hoc test (Zar, 2010) with Bonferroni’s correction
was performed by month between TL and TW to differenti-
ate catch size groups. The resulting pairwise comparisons were
then grouped using the cldList function in the rcompanion pack-
age (http://rcompanion.org/). Length-frequency distributions be-
tween harvested areas close to the marketing site (A1-A2) and
distant sites A3-A5 (Fig. 1) were compared with the Kolmogorov-
Smirnov test. This uses the maximum deviation (D) between the
TL cumulative frequency distributions for each harvest area (Zar,
2010).

2.4. Allometry (through length-weight relationship)

The relationship of body size to shape as an application to
understand the growth rates of the body parts of the chitons
was fitted using the logarithmic form of the allometric equation
between length and weight (Hopkins, 1992):

log]o TW = loglo a + b (log]o TL)

where TW is total body weight (g), TL is total body length (mm), a
is the intercept, and b represents the allometry scaling coefficient
or change that deviates from isometry. A perfectly allometrically
scaling organism would see all length-based properties change
with mass to the power of 1/3; therefore, b = 3 indicates
isometric allometry, b > 3 shows “positive allometry”, and b <
3 is called “negative allometry” (Hopkins, 1992; Froese, 2006).
Allometry was estimated over the entire size range and for each
life stage, comprising scaling effects during the growth of an
individual owing to “ontogenetic allometry” - also called “growth
allometry” or “heterauxesis” (Peig and Green, 2010) - then con-
sidering three life stages following Avila-Poveda and Abadia-
Chanona (2013): sub-juvenile to juvenile (0-28 mm TL), subadult

(28-40 mm TL), and adult (=40 mm TL). Subsequently, the aver-
age allometry coefficient (b) for each life stage was estimated and
plotted against the size range. The t-Student test was performed
using the FSA package (https://github.com/droglenc/FSA), to de-
termine if the scaling relationship deviated from the isometric.
The linear correlation between TW and TL data sets was analyzed
using Pearson’s r correlation coefficient.

2.5. Body condition

The body condition of a species is assumed to reflect biological
characteristics such as health, well-being, reproductive state, and
the general “conditions of nutrition” brought about by environ-
mental conditions such as habitat quality, water quality, and food
availability (Nash et al., 2006). It is assumed that the heavier an
animal is at a given length, the higher the factor and (by impli-
cation) the better its “health and fitness condition”. Thus, higher
K values indicate good physiological condition (Ricker, 1975), so
body condition “K” was estimated using Fulton’s condition factor
(Ricker, 1975):

™
K = — %100, 000
TL

where TW and TL, respectively, are the observed total body
weight and total body length, and b is the allometry scaling
coefficient determined by length-weight regression, which is
a better scaling description than the underlying assumption of
an isometric growth raised to the 3rd power (Stevenson and
Woods, 2006). A multiplier scaling factor of 100,000 was ap-
plied to scaling small decimals when metric units of grams and
millimeters were used, so that the numbers can be more easily
comprehended (Neumann et al.,, 2012). K was explored by class
intervals and size; size groups were identified monthly, as well
as by fitting a multinomial model to the data (Montgomery et al.,
2010). Finally, the Kruskal-Wallis test was applied, followed by
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Fig. 2. Entire and monthly frequency distribution of TL of Chiton articulatus harvested in Acapulco, México. The dotted lines delimit the rank of harvest concentration.

The rug plot on the horizontal axes of the histogram displays the individual cases at the extremes of the distribution.

Dunn’s post hoc test with Bonferroni’s correction (Zar, 2010),
to determine the significant differences between class intervals.
The resulting pairwise comparisons were then grouped using the
cldList function in the rcompanion package. Statistical analyses
were performed using R v. 3.6.2 (https://www.R-project.org/).
The significance level was o < 0.05.

3. Results
3.1. Population size structure frequency distribution

An annual total of 16,211 specimens of C. articulatus were
harvested, of which 14,742 specimens without damage or curling
represented 91%. Their total length and total weight distribu-
tion are described below. Following the average weight of the
highest proportion of chiton harvested (5.79 + 0.01 g [mean +
SE]; n = 15,204; 94%), there is an estimate of between 88 and
121 kg/fisherman/year.

The entire TL distribution (Fig. 2) ranged between 7.8 mm and
87.0 mm (43.67 4+ 0.06 mm), with a size concentration between
30 mm and 60 mm in TL (43.3 4+ 0.05 mm; n = 14,304), which
represents 97% of the total organisms measured. Specimens less

than 30 mm in TL represented 0.7% (27.5 4 0.42 mm, n = 104),
while specimens greater than 60 mm in TL represented 2.3%
of the total harvest (64.52 4+ 0.22 mm, n = 334). Monthly,
TL distribution showed that both May 2018 and May 2019 had
more extended distribution ranges than the other months (35 to
70 mm) (Fig. 2).

The entire TW distribution (Fig. 3) ranged between 0.04 g and
39.16 g (6.33 £ 0.02 g), with the highest proportion concentrated
between 2 g and 12 g (5.79 + 0.01 g, n = 15,204) representing
93.8% of the total harvest. Specimens less than 2 g represented
0.5% (1.54 4+ 0.05 g, n = 76), while specimens greater than 12 g
represented 5.7% of the total harvest (15.46 + 0.12 g, n = 931).
Monthly, TW distribution showed greater variations; May 2018
had a wider range than the other months (2 g to 20 g) (Fig. 3).

The Kolmogorov-Smirnov test analysis indicated differences
in TL between the collection area near the point of sale (Caleta
beach, Fig. 1) and the collection area far from the point of sale
(A1 vs. A3, A4, A5,D = 0.16, D = 0.24, D = 0.06, P < 0.05; A2
vs. A3-A5,D = 0.05, D = 0.26, D = 0.17, P < 0.05, respectively).
Meanwhile, no difference was shown between nearby regions (A1l
vs. A2, D = 0.031, P = 0.062). The size composition of nearby
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Fig. 3. Entire and monthly frequency distribution of TW of Chiton articulatus harvested in Acapulco, México. The dotted lines delimit the rank of harvest concentration.
The rug plot on the horizontal axes of the histogram displays the individual cases at the extremes of the distribution.

areas was lower than that of distant areas, supporting the idea
that harvesting influences size structure.

3.2. Monthly variation of TL and TW of C. articulatus

Significant differences in TL were observed between months
(H = 12304, df = 12, P < 0.001). The highest TLs corresponded
to May 2018, November 2018, and May 2019, with medians
ranging from 46.06 to 54.31 mm. In July 2018, October 2018,
December 2018, and January 2019, the intermediate values of
catch sizes were recorded, with medians ranging from 42.60 to
44.84 mm. Low TL values corresponded to the months of June
2018, August 2018, September 2018, March 2019, and April 2019
(Fig. 4a).

For the median TW, significant groups were distinguished
(H = 1,203.3, df = 12, P < 0.001). Organisms with the highest
TW were recorded in May 2018 (median 9.85 g). Organisms
with intermediate TW corresponded to the months of July 2018,
October 2018, November 2018, December 2018, January 2019,
February 2019, and May 2019 (range medians 5.7 to 6.8 g). Low
TW corresponded to June 2018, August 2018, September 2018,
March 2019, and April 2019 (medians 4.6 to 5.2 g) (Fig. 4b).

3.3. Allometry (length-weight relationships)

The length-weight relationship was significant (F-value =
148,274; P < 0.001); thus, the linear correlation explains 95%
of the TW variation for the TL data sets (Pearson’s r correlation
coefficient: r = 0.95): TW = 0.000162 % TL>78.

The scaling relation between length and weight for all chitons
(independent of each life stage) showed negative allometry (b =
2.78, CI = 2.77 to 2.80; t-test b, P < 0.001) (Fig. 5), indicating
length increases faster than weight. According to life stages, the
b-value for the sub-juvenile to juvenile life stages (n 29)
was b 3.16 (t-test = 1.07, P 0.29), showing positive
allometry. Both the subadult (n = 4,812) and adult (n = 9,889)
life stages presented negative allometry (b = 2.51, b = 2.84,
respectively), which differs from isometric allometry (P < 0.001)
(Fig. 5). Monthly, b-values were estimated between 2.54 to 3.14,
being statistically different from isometric allometry with the
valor of 3 (t-test = —8.238, P < 0.001).

3.4. Body condition “K”

Following a complete TL frequency distribution, Fulton’s con-
dition factor “K” showed significant differences between class
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Different letters indicate significant differences at p < 0.05 according to Dunn’s
test. Values in condition factor K are mean + SE.

intervals (H = 130,df = 11, P < 0.001, n = 14,721), ranging from
8 to 29.6 (Fig. 6a); both the lower interval class (20 to 35 mm
TL) and the upper interval class (70 to 80 mm TL) showed high
dispersion. The highest-class interval (40-45 mm TL) was K =
16.3 4 0.03 (Fig. 6a).

Monthly variation of the body condition “K” showed signifi-
cant differences that could be divided into 3 periods of condition.
The first period, with the highest K-values from 17.2 £ 0.7 to
17 £ 0.05, occurred over 4 months, from December 2018 to
March 2019. The second period occurred 4 months before and
2 months after the highest K-values, with K-values between
16.3 £ 0.06 and 16.2 % 0.07 from August to November 2018 and
K-values from 16.15 %+ 0.06 to 15.8 &+ 0.08 later in April and May
2019. A third period was increased for 3 months from May to
July 2018, with K-values ranging from 15 + 0.1 to 15.8 £ 0.06
(Fig. 6b).
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4. Discussion
4.1. Population size structure

To date, it is known that approximately 15 fishermen extract
chitons in Acapulco. Based on our analysis, it is anticipated that
these harvestmen collectively harvest about 1.5 4+ 0.3 tons of
chitons over one year. This estimate is limited to extrapolation
from the data of an only fisherman, so it would be ideal to be able
to verify the number of fishermen, as well as their harvest and
its exclusivity for chitons. This could be useful for making future
management decisions related to the harvest of the species and
establishing catch quotas.

The harvest of C. articulatus was selective, concentrating on
chitons between 30 and 60 mm TL. According to the fisherman,
chitons that are too small provide poor muscle yield and therefore
are not of interest. This claim is supported by our analyses,
as we observed a few organisms less than 30 mm TL, which
could be considered bycatch of chitons on top of the larger ones.
Otherwise, fishermen indicate that large chitons are scarce near
the coast and that they are found in remote and difficult-to-
access places where the waves break with a strong force, making
it dangerous to harvest chitons and resulting in fatalities for
fishermen. Our analysis shows few chitons larger than 60 mm TL,
which supports this claim.

Selective harvesting can lead to two scenarios that bias the
size distribution of the population. First, size-selective fishing
removes large organisms due to their high value (Fenberg and
Roy, 2008; Miethe et al., 2019). Second, fishing can be selective
between protected and non-protected areas, resulting in a clear
reduction in the non-protected zone (Castilla and Duran, 1985;
Riera et al,, 2016; Sousa et al., 2020a). Historical records show
that the length range of C. articulatus has varied, with reported
lengths of 108 mm (Ferreira, 1983), 104 mm (Bullock, 1988),
87 mm (Flores-Campafia et al., 2007), 78 mm (Avila-Poveda,
2013), and lately, between 75 and 42 mm (Galeana-Rebolledo
et al.,, 2014; Castro-Mondragoén et al., 2016). This variation does
not necessarily imply a spatiotemporal decrease in size but rather
reflects the focus of previous studies on areas other than popula-
tion size structure. Recent growth studies estimate an asymptotic
length or maximum theoretical length (Ly) close to 81 mm
(Avila-Poveda et al., 2020), and samplings in the northernmost
distribution area (Barras de Piaxtla, Sinaloa) reveal chitons close
to 92 mm in TL (Avila-Poveda, pers. obs.). In fact, in insular re-
gions, large chitons - some exceeding 108 mm - predominate to-
day (Holguin-Quifiones and Michel-Morfin, 2002; Michel-Morfin,
Universidad de Guadalajara, pers. comm.).

Hence, the reduction in specimens larger than 60 mm TL at
Acapulco could be the result of recruitment overfishing (Hilborn
and Walters, 1992), which has eliminated larger organisms from
the population. Multiple factors may have contributed to this re-
duction, such as fishing pressure, size selectivity patterns, natural
mortality, unrestricted access to coastal areas, proximity to urban
centers where the chitons are marketed, and the easy and free
access to harvesting sites by fishermen, tourists and local people
(Holguin-Quifiones and Michel-Morfin, 2002; Holguin-Quifiones,
2006; Garcia-Ibafiez et al.,, 2013). The absence of large organ-
isms can have diverse ecological consequences, such as changes
in community structure, high mortality rates, effects related to
reproductive investment, changes in growth rate, and fecundity
(Fenberg and Roy, 2008). Therefore, this issue should be examined
further in future studies. Growth overfishing does not appear to
have occurred during the study period. This may be because most
organisms at the beginning of their life stages remain cryptically
in crevices, under other invertebrates such as urchins and among
filamentous algae (Avila-Poveda, pers. obs); therefore, given their
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small size, they are imperceptible and do not have commercial
value.

On the other hand, with regards to the mean TL harvest, it
is important to note that the value recorded in our study is
higher than that reported by other studies in Acapulco by Rojas-
Herrera (1988) (n = 2583; mean = 36.15) and Castro-Mondragon
et al. (2016) (n = 115, mean = 40.79 *+ 7.6). Our findings
are, however, consistent with Garcia-Ibafnez et al. (2013), who
reported TL means of 43.55 mm (2009), 43.41 mm (2010), and
41.53 mm (2011). While their study reports a declining trend
in mean length, our results indicate that the size structure of C.
articulatus from Acapulco has remained stable over time, with
minor interannual variations. However, it is noteworthy that
the size classes surrounding the size at sexual maturity in the
population structure are being heavily harvested, which could
potentially lead to the depletion of the population. The size at
sexual maturity (TLsoy) for C. articulatus has been reported to
range from 51.8 to 58.6 mm TL (Abadia-Chanona et al.,, 2015;
Avila-Poveda et al., 2021), which aligns with the minimum op-
timal catch size of 59.54 mm TL calculated by Rojas-Herrera
(1988). It is also important to note that fishermen often have a
good understanding of the location and density of the stock and
may concentrate their fishing efforts in areas with the highest
density (Prince and Hilborn, 1998). This may result in yields and
associated size metrics, such as mean length, remaining relatively
stable even as populations are depleted, ultimately leading to a
gradual decline in availability until local disappearance (Prince
and Hilborn, 1998).

In the same way, the size structures of the samples collected
in different studies may be biased towards either smaller or
large size distributions, depending on the objectives and sam-
pling methods used (Elahi et al., 2020). For instance, previous
biological investigations carried out along the Guerrero coast,
including population or community-based studies that included
C. articulatus, have reported mean TL values ranging from 18.39
to 25.34 mm. While our study includes a proportion of catch
that falls within this range, it is far from the overall mean har-
vest. Conversely, commercial catch sampling is typically not ran-
domly or systematically allocated but instead directed towards
areas with the highest biomass and concentration of large-size
organisms.

It has been observed that a body size cline is associated with
the southernmost latitudes in C. articulatus (Guillen et al., 2021)
as well as other chiton species from coastal habitats in the south-
eastern Pacific (Ibafnez et al., 2021), such as Plaxiphora aurata
(Lopez-Gappa and Tablado, 1997). However, the harvesting of chi-
tons in Acapulco may have a significant impact on development
and size population, given that Acapulco is located at the lower
end of the distribution range. As a result, chiton populations
in Acapulco may experience size reductions due to harvesting
pressures, which in turn could contribute to the observed body
size cline associated with lower latitudes.

Thus, it is crucial to consider the differences between the main
methods available when describing the size structure of C. articu-
latus for fishery management. Combining methods at the same
spatial and temporal scales can help mitigate methodological
biases and provide a more accurate proxy of the size structure of
the population subjected to continuous harvesting (Bustamante
and Castilla, 1990). Neglecting to account for these differences
may result in inaccurate management reference points that fail
to adequately capture the size structure and population dynamics
of the species.

4.2. Allometry (through length-weight relations)

The length-weight relationship for the C. articulatus popu-
lation harvest in Acapulco Bay exhibits negative allometry for
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the entire size range between 7.76 and 87 mm TL, indicating
that length increases faster relative to weight (Baxter and Jones,
1978). Allometry coefficients have been reported in various stud-
ies of C. articulatus along its geographical range, such as TW =
0.0001*TL?84% 3t Isla P4jaros, Venados y Lobos, Mazatlan, Sinaloa
(23°13'N; Flores-Campaiia et al., 2007), TW = 0.0002*TL>73%0 at
Socorro Island, Colima (18°41’N; Holguin-Quifiones and Michel-
Morfin, 2002), TW = 0.0002*TL>77% at Acapulco, Guerrero
(16°50'N; Rojas-Herrera, 1988), and TW = 0.0002*TL>717% for an
adult population at Puerto Angel, Oaxaca (15°39'N; Avila-Poveda,
2013). The allometry of C. articulatus appears to vary latitudinally,
with higher b-values in subtropical localities such as Mazatlan,
Sinaloa, than in tropical localities such as Puerto Angel, Oaxaca.
This variation may be explained by the ectothermic nature of the
species, consistent with previous findings indicating an increase
in length and growth rate with increased latitude (Lopez-Gappa
and Tablado, 1997; Guillen et al., 2021).

The allometry of chiton species can differ, with some, such
as Acanthopleura gemmata (b = 2.5158; Eman et al,, 1992 as A.
spiniger), Plaxiphora aurata (b = 2.66; Lopez-Gappa and Tablado,
1997), Chiton albolineatus (b = 2.7097; Flores-Campafia et al,,
2012) and Radsia goodallii (b = 2.948, Herrera et al., 2003),
exhibiting negative allometry, while others, such as Acantho-
chitona defilippii, Liolophura japonica, Lepidozona coreanica and
Ischnochiton comptus, exhibit positive allometry with values of
b =3.14,b = 3.07, b = 3.35 and b = 3.35, respectively (Tokeshi
et al.,, 2000). These differences may be influenced by environmen-
tal factors and habitat adaptations or driven by the increase in
relative body volume during development and/or gonad resting
in polyplacophores (Baxter and Jones, 1978; Avila-Poveda and
Abadia-Chanona, 2013).

These interspecific variations in allometry are associated with
ontogenetic changes in body proportions throughout early life
stages (Avila-Poveda, 2013; Ibafiez et al., 2018). In our study,
we observed a change in allometry around 30 to 40 mm TL
that is consistent with the transition from the juvenile stage to
the adult stage in C. articulatus, confirming the size range previ-
ously established through the histology of gonadal ontogenesis
for each life stage of this species (see Fig. 17 in Avila-Poveda
and Abadia-Chanona, 2013). This change can be explained by a
shift in energy allocation from growth to reproductive activities
such as gonad maturation (Lord and Shanks, 2012). As the chi-
ton reaches maturity, more energy is invested in reproduction
than growth, resulting in a lower relative growth rate in weight
compared to juveniles. This finding is consistent with previous
studies, where similar shifts in energy allocation were observed
during ontogeny (e.g., Avila-Poveda, 2013). On the other hand, the
negative allometry observed through the C. articulatus adult life
stage indicates that length increases relatively faster than weight,
which supports an indeterminate growth or infinity asymptotic
body length indicated in polyplacophorans (Lord and Shanks,
2012).

It is important to consider these changes in allometry when
developing management strategies for exploited species, as
changes in scaling allometry can have implications for population
dynamics and the effectiveness of management measures. Further
research is needed to better understand the underlying mecha-
nisms driving these ontogenetic shifts in allometry and how they
can be incorporated into management frameworks.

4.3. Body condition

Fulton’s condition factor K showed little variation through the
total lengths of class intervals, with K-value means ranging from
16 to 20. The condition factor appears to be inversely related to
the reproductive activity of the species over time. Although C.
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articulatus has ripe gonads throughout the year (Abadia-Chanona
et al., 2018; Avila-Poveda et al., 2021), only two periods of maxi-
mum gonad investments, with the highest GSI values up to 6% of
body mass, occur around May and September—October (Abadia-
Chanona et al.,, 2018). Therefore, the reproductive season is 6
months long, from April to September (Avila-Poveda et al., 2021),
and corresponds to low K-values of 16.3. This fluctuation in the
condition factor suggests that during the reproductive season,
C. articulatus may reduce its feeding or change its diet from
macroalgae to microalgae, detritus, and organic matter (Prado-
Padilla, 2022). The energy for reproduction (ripe gonad) may
come at the expense of the storage of other organs (Avila-Poveda,
2013).

The increase in K coincides with a period of increased fre-
quency of the population with spawning and/or resting gonads
(i.e. gonads that lose weight relative to the body) as reported
by Abadia-Chanona et al. (2018), along with the incursion of
cold water near the coast (Gutiérrez-Zavala and Cabrera-Mancilla,
2019), which increases primary productivity (Garcia-Ibafiez et al.,
2013) and serves as the basis for the feeding of C. articulatus. This
enhances their body condition and leads to new production of
gametes. These findings could be useful for establishing closures
and management measures for the species. Likewise, the subtle
relative increase in K observed through the increase in total
length of C. articulatus could relate to Lord and Shanks (2012)
finding that some species with indeterminate growth (including
chitons) do not reduce energy allocation to growth with age
but instead display continuous volumetric growth that facilitates
increases in feeding rate and reproductive output with age and
size.

5. Conclusion

Our study demonstrates that the unregulated fishing and in-
tense harvesting of C. articulatus in Acapulco Bay harms the
population structure, leading to a reduction in size classes around
the size reached at sexual maturity. This could potentially lead
to overexploitation and population decline. However, it must
be noted that the sampling was carried out by only one “cu-
carachero”, at different extraction points along Acapulco Bay.
Such sampling may introduce bias, as the harvest practices and
techniques of this “cucarachero” may not be representative of all
harvestmen in the area. Therefore, further studies using differ-
ent sampling techniques and including multiple harvesters are
needed to fully understand the population dynamics of C. artic-
ulatus in Acapulco Bay. The length-weight relationship exhibited
negative allometry, indicating that smaller individuals have rel-
atively greater weights compared to larger individuals. Under-
standing these factors can help to better estimate the biomass and
size distribution of the population, which are important param-
eters for the development of effective management strategies. It
is imperative to implement sustainable management practices to
ensure the preservation of this species. OQur results suggest that
the condition factor of individuals varied throughout the year and
was influenced by factors such as reproductive condition and food
availability. Our findings highlight the urgent need for effective
conservation measures to protect C. articulatus.
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