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ABSTRACT ARTICLE HISTORY
Cheluridae represents small marine and shallow amphipods composed of three genera: Received 14 January 2025

Chelura, Nippochelura and Tropichelura. The genera Tropichelura has been characterised Accepted 30 June 2025
as stenohaline and active burrowers occurring at around 3 m depth. The goal of the KEYWORDS

present study was to evaluate the population structure of Tropichelura gomezi collected cost-benefit relationship;
in a few sunken pieces of wood in the Tuxpan Lobos Coral Reef System, south-western growth; Peracarida; sex ratio;
Gulf of Mexico. The amphipods were manually removed from the substrate, measured survival

and organised as juveniles, females and males. A total of 710 specimens of Tropichelura

gomezi were collected, and the juveniles represented the highest portion (37%). Based

on Bhattacharya’s method, four and five age classes were found for males and females,

respectively; using multi-model inference, the males had a maximum length of 6.06 to

6.82 mm, while the length of females was 6.06 to 6.12 mm. The overall sex ratio in this

study was 1.47 females per male (p < .001). The survival rate was 27.8% for females and

14.9% for males, which corresponds to species characterised as following an ‘r’ strategy.

The results showed a cost-benefit relationship between the population parameters,

given a slow growth rate and a greater number of age class es.

Introduction

Marine wood borers can live sympatrically by sharing scattered deadwood as food and habitat (Nishimoto
et al. 2015). This is the case for amphipods in the family Cheluridae (Amphipoda), bivalves in the family
Teredinidae (Myida), and isopods in the family Limnoriidae (Isopoda) (Veldsquez and Shipway 2018). Their
coexistence can be explained because the settlement of the bivalves and colonisation by the isopods do not
necessarily depend on biofouling, but the amphipods can only colonise pieces of wood when they have
a dense epibiota that includes the isopod (Charles et al. 2020). Limnoriid isopods and chelurid amphipods
can cause damage to the wooden structures of homes located on the beach (Cookson et al. 2012).

Cheluridae are a small group of three genera: Chelura Philippi, Nippochelura Barnard, and Tropichelura
Barnard (World Register of Marine Species 2025). Species of Tropichelura occur in tropical and subtropical
ecosystems, including harbours, bays, and coastline, where they live in excavations in wooden logs together
with limnoriid isopods (Barnard 1955; Thomas 1979).

Tropichelura contains two species, Tropichelura insulae (Caiman, 1910) and T. gomezi Ortiz, 1976, which are
characterised by a biramous second uropod and a uniramous third uropod. Chelurid amphipods are
gonochoric and sexually dimorphic. During mating, the male detects the pheromone of the female using
his antennae. When the female is ready, the male pushes the sperm into the marsupium. A few hours later,
the female releases her eggs into the marsupium for fertilisation. The eggs hatch and the juveniles remain in
the marsupium for a few days. After 20 moults, they complete their life cycle in one year (Bisby et al. 2005).

The only study concerning the population ecology of T. gomezi was published by Thomas (1979), who
investigated the species as a stenohaline inhabitant in protected coastal bays and other shallow habitats,
where they are found about 3 m deep. It is a very active burrower, connecting and enlarging limnoriid
burrows into large, unroofed galleries by rasping and furrowing the softer early wood. There is no informa-
tion about the species’ growth and survival.
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Growth and survival are two life history attributes that determine population structure (Kim 2005)
and contribute to understanding population dynamics (Simoes et al. 2013) of a species. Quantifying
growth in crustaceans is complicated because structures are lost with each moult and growth is
discontinuous, occurring in a ‘stepwise’ manner (Chang et al. 2012). Length-frequency analyses help
resolve the problem of the lack of morphological markers (Gulland and Rosenberg 1992). Mathematical
models (Bhattacharya 1967) that separate the various peaks of one length-frequency sample, the
peaks being assumed to represent distinct age classes (Pauly 1983), and Von Bertalanffy (VB),
Gompertz, logistic, and bent-line growth models (Petriella and Boschi 1997; Hartnoll 2001; Chang
et al. 2012), are often used to obtain the growth parameters. Recent progress has been made in
studying the individual growth of crustaceans. For example, the technique for developing VB growth
models of the striped shore crab has been applied to other species of Peracarida, obtaining results
based on the environmental conditions where peracarids are found (Mauchline 1976; Somerton 1980;
Easton and Misra 1988; Mees et al. 1994; Winkler and Greve 2002). However, growth studies of
chelurids are still incipient. Therefore, the objective of the present study was to evaluate the popula-
tion structure, growth, and survivorship of T. gomezi from the Tuxpan Lobos Coral Reef System in the
south-western Gulf of Mexico.

Materials and methods

The Tuxpan Lobos Coral Reef System is located on the continental shelf off Veracruz State, Mexico, at 21.0143
to 21.552 N and -97.175 to -97.300 W (Figure 1). Sunken wood substrates (about 0.05 m?3) with T. gomezi
inside were obtained manually by scuba diving between 3 and 25 m depth during in June and July 2011.
Identifications and measurements were carried out with a stereomicroscope equipped with a Walfront HD
industrial camera free drive 5MP and the ImageView X64 programme with the tool multipoint connection
following the curvature of the organism (Chavez and Hidalgo 1988; Figure 1).

Field work

The collected wood pieces were placed in plastic bags with an alcohol/formaldehyde (1:1) solution. The
individuals of Tropichelura gomezi were separated from the wood and preserved with 70% ethanol. They
were then transported to the crustacean laboratory of the Facultad de Estudios Superiores Iztacala,
Universidad Nacional Autéonoma de México (FESI-UNAM).

Laboratory work

Individuals were examined using a Motic SMZ-168 stereoscopic microscope and a Leica DM750 optical
microscope at the crustacean laboratory at FESI-UNAM.

The amphipods were identified and classified into juveniles (no secondary sex characteristics, body size,
gnathopod 2 size and the distance between the tip of the telson and the tip of uropod 3), males and females
(in females: antennal flagellum 2 setose distally, uropods 1-3 with very long setae, uropod 3 shorter than in
males, 4 notches on telson with long terminal setae; oostegites presents on pereopods 2-5) (Thomas 1979).
The specimens were measured to determine the total length (from the anterior tip of the face to the
posterior tip of the telson) in millimetres. Identifications and measurements were carried out using
a stereomicroscope equipped with a Walfront HD industrial camera free drive 5MP and the ImageView
X64 program with the tool multipoint connection following the curvature of the organism.

Data analysis

To analyse the growth of T. gomezi, the number of age classes and the average length of each age class were
obtained using Bhattacharya’s (1967) method. The validation of the cohorts was done using the separation
index (SI) of Sparre and Venema (1997):
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Figure 1. Location of the sampling zone in the Tuxpan Lobos Coral Reef System.

where Li, is the average length of the cohort 1, Li, is the average length of the cohort 2, SDi; is the standard
deviation of cohort 1, SDi5 is the standard deviation of cohort 2.

The growth parameters maximal length (L,.,), growth coefficient (K), and the hypothetical age or time
when length was equal to zero (ty) were determined using the multi-model inference (MMI), VB, logistic,
Gompertz (Smart et al. 2016), and bent-line (Chang et al. 2012) growth models:

2L = Lmax(1 — e’K(t’“’)) = vonBertalanffymodel
3.L = Lmaxe ¢ K%)= Gompertzmodel
4Ly = Lmax/(1 + e”“t’m)) = Logisticmodel

1TmuMI = a + bLicLi’= Bent — Line model
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where L, = length at time or age class t; L, = maximal length; K = growth rate; ty = theoretical time when
length is zero; MI = moult increment; Li = length of age class; Li’ = difference between Li and the length of the
preceding age class; and a, b, and c are constants. The means of the results from each model, the standard
error, and the residual sum of squares were computed. The best-fit model was selected with Akaike’s
information criterion (AIC) (Burnham and Anderson 2002), using the negative logarithm of the maximum-
likelihood method (Cerdenares-Ladron de Guevara et al. 2011).

To determine survivorship (S), the exponential model of Ricker (1975) was used, which relates the number
of individuals of the modal class (Nt) with the time (t) that represents each modal class, such that Nt = No x
(EXP(-zt)), where No is the initial theoretical number of individuals and -z is the mortality rate. The survivor-
ship percentage was obtained as 5% = 100 (EXP-z).

To calculate the sex ratio, the following equation was used: males/(males + females) (Chavance et al.
1984). For the sex ratio, the Ji quadrate (Chi-square) test was used, considering the hypothesis of equality
with the proportions 1:1 (Sokal and Rohlf 2012).

Results

The dimensions obtained for the differentiation in the population structure were the following: the length of
gnathopod 2 was 1.37 + 0.13, 0.99 £ 0.03 and 0.59 + 0.04 mm in males, females and juveniles, respectively.
The distance between the tip of the telson and the tip of uropod 3 was 0.307 £ 0.05, 0.16 £ 0.014 and
0.042 + 0.005 mm in males, females and juveniles, respectively. A total of 710 specimens of Tropichelura
gomezi were collected, comprising 262 juveniles (36.9%), 274 females (38.6%, of which 30 individuals were
ovigerous) and 174 males (24.5%) (Figure 2).

With the Bhattacharya method the males presented four age classes with sizes of 2.62, 4.64, 5.8 and
6.46 mm. In the analysis among the cohorts of the males there was no overlap (SI, values >2). With the
application of the MMI model the Lmax was 6.06 mm. The highest Lmax was found with the VB model
(6.82 mm) followed by Gompertz (6.63 mm). The rate of growth had an interval of 0.80 to 1.49 in the VB and
logistic model, respectively. The lowest value of t, was found with the VB model (0.383) followed by
Gompertz (0.91). The four models applied all fit with the observed data (Figure 3); however, the bent-line
model had the best fit (with AIC = —31.03; weight = 94.95%) (Table 1).
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Figure 2. Population structure of Tropichelura gomezi in the Tuxpan Lobos Coral Reef System.
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Figure 3. Size frequency distribution (total length, mm) and Von Bertalanffy, Gompertz, logistic, and bent-line growth
models for male Tropichelura gomezi from the Tuxpan Lobos Coral Reef System. Ac = age class; Ol = observed length;
vB = von Bertalanffy; Gz = Gompertz; Log = logistic; Ben = bent-line. Black circle = lengths by age class.

The females presented five age classes with sizes of 2.09, 3.72, 4.53, 5.07 and 5.6 mm. The analysis among
the cohorts of the females found no overlap (values >2). With the MMI model the Lmax obtained was
6.06 mm. With the VB model the highest Lmax was found (6.16 mm), followed by Gompertz (5.82) mm. The
rate of growth had an interval of 0.47 and 0.98 in the VB and logistic model, respectively. The lowest value of
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Table 1. Multi-model inference (MMI), von Bertalanffy, Gompertz,
logistic, and bent-line growth models for male Tropichelura
gomezi collected from the Tuxpan Lobos Coral Reef System and
test of fit with the Akaike information criterion method.

Comparison SI
Size 1 to size 2 3.24
Size 2 to size 3 3.03
Size 3 to size 4 3.03
Parameter MMI SD
Lmax 6.06 1.29

VB
Lmax 6.82 0.18
K 0.80 0.09
t0 0.38 0.07
RSS 0.15

Logistic
Lmax 6.50 0.1
K 1.49 0.12
t0 1.27 0.04
RSS 0.26
Gompertz
Lmax 6.63 0.13
K 1.13 0.10
t0 0.91 0.04
RSS 0.22
Bent-line

A 3.69 0.09
B 0.46 0.02
C -0.03 0.02
RSS 0.05
AlIC
Model AlC AIC diff Weight
Bent-line -31.03 0 94.95
Logistic —23.42 7.61 2.11
Von Bertalanffy -22.83 8.12 1.58
Gompertz —22.54 8.49 137

AIC = Akaikes information criterion; A, B, C, constants of the Bent-Line model;
K = growth rate; Lmax = maximal length; RSS = Residual Sum of Squares; SD
= standard deviation; SI = separation index; t0 = hypothetical age or time
when length was equal to zero..

to was found with the Gompertz model (0.01), followed by the ogistic model (0.46). As for the males, the four
models fit with the observed data (Figure 4); however, the bent-line model had the best fit with the observed
data of the females (AIC = —25.79; weight = 53.93%) (Table 2).

The sex ratio in this study was 1.47 females per male, which showed statistically significant differences
(X3 =15.29, p <.001) from the hypothesis of a proportion of 1:1. The mortality rate for females was —1.33,
corresponding to a 26.4% survival rate (Figure 5(a)). The mortality rate for males was —1.91, correspond-
ing to a 14.85% survival rate (Figure 5(b)). The negative exponential relationship between the number of
the age class and the number of individuals was statistically significant (p < .001).

Discussion

In population ecology, it is important to determine the life history of a species as well as its development,
reproduction, storage and growth (Begon et al. 2006). The individual growth of crustaceans is discontinuous,
given the rigid conformation of their exoskeleton (Scarfe and Steele 2019). However, using a frequency
distribution across sizes, the age classes can be obtained by indirect methodologies (Bhattacharya 1967;
Chazaro-Olvera et al. 2017).

After determining the age classes, the maximum size and growth speed can be calculated with
mathematical models, such as that of von Bertalanffy (Hartnoll 2001). The most studied and commonly
applied model among all the length-age models is the VB growth model, which has been applied to
other peracarid species, because its results are related to environmental conditions (Chazaro-Olvera and
Peterson 2004; Jelassi et al. 2014; Alegretti et al. 2016; Bastos-Pereira and Bueno 2016; Castiglioni et al.
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Figure 4. Size frequency distribution (total length, mm) and the Von Bertalanffy, Gompertz, logistic, and bent-line growth
models for female Tropichelura gomezi from the Tuxpan Lobos Coral Reef System. Ac = age class; Ol = observed length;
VB = von Bertalanffy; Gz = Gompertz; Log = logistic; Ben = bent-line. Black circle = lengths by age class.

2016; Medeiros and Weber 2016; Chazaro-Olvera et al. 2017), However, other commonly used alterna-
tives are the Gompertz model and the logistic model. On the other hand, MMI has been used recently to
obtain more robust inferences about the average parameters of a population, such as the maximal
length (Katsanevakis 2006). Many models have been generated based on different biological principles
and types of data available. Chang et al. (2012) found that the best model for crustaceans was fitting
separate lines to post-moult and pre-moult as proposed by Somerton (1980); this is known as the bent-
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Table 2. Multi-model inference (MMI), von Bertalanffy, Gompertz,
logistic, and bent-line growth models for female Tropichelura gomezi
collected from the Tuxpan Lobos Coral Reef System and test of fit with
the Akaike information criterion method.

SI

Size 1 to size 2 3.21
Size 2 to size 3 3.03
Size 3 to size 4 2.83
Size 4 to size 5 2.83

MMI
Lmax 6.06 1.29
Parameter Von Bertalanffy SD
Lmax 6.16 0.23
k 0.47 0.06
t0 2.12 0.08
RSS 0.24

Logistic
Lmax 5.65 0.15
K 0.98 0.07
t0 0.46 0.10
SSE 0.19
Gompertz
Lmax 5.82 0.17
K 0.72 0.08
to 0.01 0.06
RSS 0.32
Bent-Line

A 1.69 0.36
B 0.73 0.07
C —-0.49 0.26
RSS 0.11
AIC
Model AlC AIC diff Weight
Bent-line —-25.79 0 53.93
Logistic —24.53 1.26 28.74
Von Bertalanffy —-22.83 2.96 12.29
Gompertz -21.04 474 5.03

AIC = Akaike’s information criterion; A, B, C, constants of the Bent-Line model; K =
growth rate; Lmax = maximal length; RSS = Residual Sum of Squares; SD =
standard deviation; SI = separation index; t0 = hypothetical age or time when
length was equal to zero.

line growth model. We found that the three non-linear models fit the data well. However, based on AIC
analysis, the bent-line model presented the best fit, so it was possible to calculate the moult increments
of male and female of T. gomezi.

The largest proportion of the collected population of T. gomezi was composed of juveniles and
females. Juveniles comprised the highest percentages of population of the amphipods Nototropis minikoi
(Walker, 1905) and Ampithoe longimana Smith, 1873 (Chazaro-Olvera et al. 2021). The isopod Limnoria
platycauda Menzies, 1957 also occurs in marine wood burrows (Ortiz et al. 2013). Menzies and Glynn
(1968) reported that the males of this species have a length of 2.3 mm, which is similar to the size of
T. gomezi juveniles. This suggests that there may be competition for space, which may be reflected in
a lower percentage of juveniles of T. gomezi in our sample. Thiel (1999, 2003) mentioned that it is
common to see intraspecific and interspecific competition for space within and between species of
amphipods that habit the same maternal burrow, and this may lead to a decrease of juvenile numbers
(Thiel 2003).

Growth analyses using frequency methods have been applied in other amphipod species, such as
N. minikoi (Chazaro-Olvera et al. 2017, 2021), A. longimana (Chazaro-Olvera et al. 2021) and Ericthonius
fasciatus (Stimpson 1853) (Collie 1985). Thus, it was possible to apply this methodology in T. gomezi, where
the Lmax obtained in this study for females was similar to the value in the original description by Ortiz (1976).
Regarding the frequency methods, the males of T. gomezi were grouped into four age classes. However, five
age classes of females were obtained, because females had a lower growth rate. The first female age class
had an average of 2.7 mm, which corresponds to the juvenile stage, before sexual maturity. Some chelurids,
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Figure 5. Mortality rates of Tropichelura gomezi. Relationship between age classes and the number of individuals collected
from the Tuxpan Lobos Coral Reef System: (a) females; (b) males.

such as Chelura terebrans Philippi, 1839, mature at about 3.5 mm (Becker 1971), a size that corresponds to
the second age class of T. gomezi (3.4 mm). Also, some species of amphipods have about nine adult moults,
some of which could fall into the same age class. In our study of T. gomezi, four sizes (3.3, 3.6, 3.9, and 4.1 mm)
were grouped in the second age class, two sizes (4.39 and 4.66 mm) in the third age class, two sizes (4.9 and
5.2 mm) in the fourth age class, and two sizes (5.5 and 5.7 mm) in the fifth age class.

The growth rates (K) of T. gomezi, as determined by the VB model, were 0.3 for females and 0.6 for
males. The growth rates are consistent with those of other amphipod species, such as Charcotia obesa
Chevreux, 1906, N. minikoi, A. longimana, Bovallia gigantea Pfeffer, 1888, and Gammarus wilkitzki Birula,
1897, which had K values between 0.20 and 0.67 (Bone 1972; Poltermann 2000; Bluhm et al. 2001;
Chéazaro-Olvera et al. 2017).
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Low growth rates are related to low temperatures of the environment (Bone 1972). Therefore, T. gomezi
has a higher growth rate than that of species from temperate climates. In the present study, the sex ratio
obtained for T. gomezi was skewed towards females. In other amphipods, higher growth rates, early
maturation, differential longevity rates, and predation can all result in skewed sex ratios (Prato and
Biandolino 2006). The survival curves for T. gomezi were type lll for males and females, showing
a relatively high mortality rate in the initial stages and a later decline) (Pianka 2000). Thus, a population
strategy that produces many offspring with low survival rates when mortality is catastrophic and indepen-
dent of density tends towards an ‘r’ strategy (Begon et al. 2006), which is consistent with what we observed in
our study of T. gomezi. Based on survival analysis, T. gomezi showed an ‘r’ strategy, with low survival rate in
the initial growth stages.

In summary, this work has provided more information on the T. gomezi population. Having
analysed their sizes, the four age classes presented here for males are consistent with other
amphipod species. An intermediate growth rate was observed compared to that reported in other
amphipod species. The total length obtained for T. gomezi was similar to that found by other
authors. Based on survival analysis, T. gomezi showed an ‘r’ strategy, with low survival rate in the
initial growth stages.
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