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ARTICLE

How coexistence may influence life history: the reproductive
strategies of sympatric congeneric terrestrial isopods
(Crustacea, Oniscidea)
Bianca Laís Zimmermann, Alexandre Varaschin Palaoro, Didier Bouchon, Maurício Pereira Almerão,
and Paula Beatriz Araujo

Abstract: Patterns of allocation between reproduction, survival, and maintenance are what we call life history. By investigating
the life-history strategy of sympatric species, we may understand how they are able to coexist, as different strategies are expected
to evolve in species that occupy similar niche space. Terrestrial isopods are a group in which multiple species frequently inhabit
the same area. Notably, they are usually infected by Wolbachia Hertig, 1936, a notorious manipulator of the hosts’ reproductive
processes. Thus, the aim of this study was to analyze the investment in reproduction in three sympatric and closely related
species of terrestrial isopods: Atlantoscia floridana (Van Name, 1940), Atlantoscia inflata Campos-Filho and Araujo, 2015, and
Atlantoscia petronioi Campos-Filho, Contreira and Lopes-Leitzke, 2012, only the latter being infected with Wolbachia. We showed
that the presence of the bacteria seems not to affect the fitness of A. petronioi, because there was no clear difference in the
reproductive output of infected and noninfected individuals. On the other hand, we observed that the three species possess
alternative life-history strategies; that is, they differ in how much they invest in maintenance (body size) and reproductive effort.
Such differences probably facilitate the species coexistence, reducing the competition among them.

Key words: Atlantoscia, Brazil, life history, reproductive investment, Wolbachia, isopods.

Résumé : Les motifs d’allocation de ressources entre la reproduction, la survie et le maintien sont ce que nous appelons le cycle
biologique. L'étude des stratégies de cycle biologique d’espèces sympatriques peut permettre de comprendre ce qui leur permet
de coexister, puisque le développement de différentes stratégies est attendu chez des espèces qui occupent des espaces de niche
semblables. Les isopodes terrestres forment un groupe dont plusieurs espèces cohabitent souvent dans la même région. Fait
intéressant, ils sont habituellement infectés par Wolbachia Hertig, 1936, un manipulateur notoire des processus de reproduction de ses
hôtes. Le but de l’étude consistait donc à analyser l’investissement dans la reproduction de trois espèces sympatriques étroitement
apparentées d’isopodes terrestres : Atlantoscia floridana (Van Name, 1940), Atlantoscia inflata Campos-Filho et Araujo, 2015 et Atlantoscia
petronioi Campos-Filho, Contreira et Lopes-Leitzke, 2012, seule cette dernière espèce étant infectée par Wolbachia. Nous démontrons
que la présence de la bactérie ne semble pas avoir d’incidence sur l’aptitude d’A. petronioi, puisque qu’il n’y a pas de différence claire
entre les individus infectés et non infectés en ce qui concerne l’efficacité de la reproduction. En revanche, nous avons observé que les
trois espèces présentent différentes stratégies de cycle biologique, c’est-à-dire qu’elles diffèrent les unes des autres en ce qui concerne
l’ampleur de l’investissement dans le maintien (taille du corps) et l’effort de reproduction. De telles différences facilitent probable-
ment la coexistence des espèces en réduisant la concurrence entre elles. [Traduit par la Rédaction]

Mots-clés : Atlantoscia, Brésil, cycle biologique, investissement dans la reproduction, Wolbachia, isopodes.

Introduction
Energy obtained from food is limited in nature, which implies a

series of constrains during development. Organisms thus need to
allocate their limited energy in reproduction, growth, or mainte-
nance, and by investing in one trait, the other traits may be pe-
nalized (Lancaster et al. 2017). This decision of where and how
much to invest is what we call life history (Brommer 2000). Life
history impacts the individual’s fitness, and thus, is prone to se-

lection: if a given strategy increases fitness more than other strat-
egies, then the individuals opting for that strategy will be selected
(Del Giudice et al. 2015). However, the optimal life-history strategy
is not fixed; as conditions change in nature, so will the optimal
strategy (Bonsall and Mangel 2004). Species coexistence is one of
such conditions that may alter the pay-off of the strategies ad-
opted by the species (Moll and Brown 2008). The optimal strategy,
in this case, depends on the strategies of the other species: if one
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species is investing in reproduction, then it may pay-off to invest
in survival until conditions change (Brommer 2000). If life-history
strategies and species coexistence are constantly influencing one
another, then we need to investigate them simultaneously to un-
derstand the extent of this influence, which is rarely acknowl-
edged (Lancaster et al. 2017).

Terrestrial isopods are currently the only group of crustaceans
that managed to exploit almost the whole range of terrestrial
ecosystems (Sfenthourakis and Taiti 2015), which is correlated
with their high reproductive efficiency (Richardson and Araujo
2015). Thus, life-history traits related to reproduction are by far
the best-studied aspects in this group (Kight 2009; Warburg 2011,
2013). Neotropical species usually exhibit longer breeding periods,
higher number of broods per lifetime, and lower reproductive
allocation per brood compared with temperate isopods (Quadros
et al. 2008). However, we do not know how much reproductive
variation can be found among Neotropical species, especially be-
cause multiple species of terrestrial isopods often inhabit the
same area (Almerão et al. 2006). In fact, coexistence is thought to
change life-history strategies in Palearctic species (Ando 1996),
which highlights the potential of coexistence to influence life-
history strategies in Neotropical species. Maybe by addressing co-
existence in the Neotropics, we may be able to disentangle how
much variation comes from coexistence patterns and how much
comes, for example, from phylogenetic constraints (Glazier et al.
2003).

Another confounding factor regarding the life-history strate-
gies of terrestrial isopods is the infection by the bacteria Wolbachia
Hertig, 1936 (Bouchon et al. 2008; Zimmermann et al. 2015a).
Wolbachia is notorious for the manipulations of the hosts’ repro-
ductive patterns, often causing a substantial impact to host fitness
(Zug and Hammerstein, 2015). Indeed, Wolbachia-induced repro-
ductive phenotypes were responsible for the reduction of fecun-
dity and fertility, female-biased sex ratio, and other negative
effects in terrestrial isopods species from palearctic region (Bouchon
et al. 1998; Rigaud et al. 1999, 2001; Braquart-Varnier et al. 2008;
Sicard et al. 2010). When dealing with reproductive life-history
strategies of Neotropical species, the effects of Wolbachia are gen-
erally not considered (Quadros et al. 2009; Sokolowicz and Araujo
2013; Kenne and Araujo 2015). If its presence could affect the
life-history strategies used by potential competitors sharing the
same microhabitat, then it should be evaluated.

The genus Atlantoscia Ferrara and Taiti, 1981 comprises five spe-
cies of terrestrial isopods that are found mostly in natural vegeta-
tion habitats of southeastern and southern Brazil (Quadros and
Araujo 2008; Zimmermann et al. 2015b). Although easily distin-
guishable through molecular approaches, such as DNA barcoding
(Zimmermann et al. 2015b), morphological differences among the
species are quite subtle and restricted to a few characteristics.
Besides being morphologically similar, all species live among leaf
litter and are usually found sharing the same microhabitat, in-
cluding cases in which they may or not be infected by Wolbachia
(Zimmermann et al. 2015a). Since differences in life-history strat-
egies can evolve in the presence of competitors (Bonsall et al.
2002), especially in the case of species that occupy similar niche,
the aim of this study was to analyze one aspect of the life-history
strategy, the investment in reproduction, in three closely related
species with sympatric and syntopic distribution: Atlantoscia
floridana (Van Name, 1940), Atlantoscia inflata Campos-Filho and
Araujo, 2015, and Atlantoscia petronioi Campos-Filho, Contreira and
Lopes-Leitzke, 2012, only the latter being infected with Wolbachia.
Ultimately, we intend to provide evidence on how coexistence
may modulate lifehistory strategies adopted by sympatric and
syntopic species, a not fully understood but probably crucial step
in the evolution of terrestrial isopods and many other organisms.

Materials and methods

Field sampling
Individuals of A. floridana, A. inflata, and A. petronioi were col-

lected throughout the year in two secondary and semideciduous
forest fragments in the metropolitan area of Porto Alegre, Rio
Grande do Sul, Brazil. The climate in this region is humid subtrop-
ical, characterized by hot and humid summers and mild to cool
winters (Cfa type of Köppen’s classification; Peel et al. 2007). In the
first sampled site (30°04=25==S, 51°07=19==W), the three species oc-
cur together in syntopy; in the second sampled site (30°12=30==S,
51°10=12==W), only A. floridana and A. inflata are found, also living in
syntopy. Multiple leaf litter samples from each sampled site were
randomly collected from January 2011 to July 2012 and taken to
the laboratory where individuals were triaged and directly used in
the experiments. For sex-ratio experiments, individuals were kept
in containers with leaves and field soil and were under laboratory-
controlled conditions (temperature of 20 °C and photoperiod
of 12 h light : 12 h dark). All applicable international, national,
and (or) institutional guidelines for the care and use of animals
were followed.

Molecular identification of Atlantoscia species and detection
of Wolbachia

Due to the morphological similarities among Atlantoscia species,
we selected 15 individuals of each species to confirm species iden-
tity and to verify their relationship by using the mitochondrial
gene cytochrome oxidase subunit I (COI, primers LCO and HCO;
Folmer et al. 1994). All individuals used in this study were also
tested for the presence of Wolbachia with a polymerase chain re-
action (PCR) assay targeting the Wolbachia 16S rRNA gene (primers
99F and 994R; O’Neill et al. 1992). Total DNA from adult terrestrial
isopods was extracted using the Chelex protocol (BioRad). Eggs,
embryos, and mancae (juvenile stage) DNA extractions were per-
formed with the extraction kit PureLink Genomic DNA Kits
(K1820-01). Standard PCR was run and the products were checked
by agarose gel electrophoresis and purified. Sequences were ob-
tained using BigDye technology by Macrogen Inc., Seoul, Korea.
Consensus sequences for both strands were aligned with Muscle
(Edgar 2004). The intra- and inter-specific mtDNA genetic diver-
gences were obtained using p-distance model with 1000 bootstrap
replicates in MEGA version 6.0 (Tamura et al. 2013). The haplotype
number was estimated using DnaSP version 4.10.3 (Rozas et al.
2003) and genealogical relationships among mitochondrial se-
quences were determined by a haplotype network generated with
the median-joining method (Bandelt et al. 1999) in NETWORK
version 4.6 (http://www.fluxus-engineering.com).

For the infected species, we examined Wolbachia vertical transmis-
sion by individually testing the offspring of 30 infected females.
Additionally, mancae from 15 infected females were monitored
until sexual differentiation (development of male genitalia and
the female genital pore, according to Araujo et al. 2004) to check
offspring sex ratio. We tested if Wolbachia presence in the parental
individual could increase the probability of females being born
using a binomial test (i.e., the number of females born against the
total number of offspring).

Reproductive life-history traits
To test size and offspring production, females of A. floridana,

A. inflata, and A. petronioi were dissected and then measured
(cephalothorax width (CW) as a measure for body size) with a
stereomicroscope (0.01 mm of accuracy) (Araujo and Bond-Buckup
2005). We recorded the number of eggs and the number of em-
bryos or mancae inside the marsupium of ovigerous females. We
differentiated between eggs and embryos and mancae because
terrestrial isopods show intramarsupial mortality, i.e., not all
eggs develop into mancae (Araujo and Bond-Buckup 2005). Intra-
marsupial mortality was also verified in the three species. We
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counted the eggs of 152 females of A. floridana, 66 of A. inflata, and
57 of A. petronioi while counting the embryos and mancae of
226 females of A. floridana, 51 of A. inflata, and 81 of A. petronioi
(Supplementary Table S1).1 With these data, we tested if (i) species
differed in overall size; (ii and iii) species differed in egg and em-
bryo and mancae investment (i.e., intercept and slope of a regres-
sion against size), and (iv) Wolbachia had any influence in the
production of embryos and mancae of A. petronioi. Prior to testing,
we evaluated if populations differed in any of these variables by
visualizing histograms of the data (data not shown). This a priori
analysis showed that the data from different populations were
within the same range and distribution, and thus, we chose not to
use “population” as a random variable, simplifying our results
and interpretations. Indeed, results were similar regardless of
adding the population as a random variable or not (results not
shown here; the full data set used in our study is found at https://
github.com/alexandrepalaoro/IsopodLifeHistory).

To test if species differ in their overall size, we used an ordinary
least-squares regression (OLS) with log-transformed CW of all in-
dividuals (i.e., females used in the offspring production tests) as
the response variable and species as the factor. Next, to test if
species differed in the number of eggs, we used a generalized
linear model (GLM) with a Poisson distribution and a log link. The
number of eggs was the response variable, CW was the continuous
covariable, and species was the factor. In the third analysis, we
also used a GLM with a Poisson distribution and a log link, but this
time we used the number of embryos and mancae as the response
variable, CW as the continuous covariable, and species as the
factor. Lastly, to test if Wolbachia infection affected fitness, we
used the number of embryos and mancae of A. petronioi because it
was the sole species that was infected (see Results). We used a GLM
with a Poisson distribution and a log link with the number of
embryos and mancae of A. petronioi as the response variable, CW as

the continuous covariable, and status (i.e., infected or nonin-
fected) as the factor.

In all tests, we scaled the continuous covariables by centering
their means to zero and making their variances uniform by divid-
ing the covariable once by their standard deviation to normalize
them. Centering and scaling variables help in parameter estima-
tion and makes parameters easily interpretable and comparable
when significant interactions are present (Schielzeth 2010). We
assessed differences among species by analyzing the 95% confi-
dence intervals (95% CI) of the estimates in the analyses (i.e., if the
95% CI do not overlap, then species differ significantly). All anal-
yses were performed using the R software (R Development Core
Team 2011) and R codes used in our study are found at https://
github.com/alexandrepalaoro/IsopodLifeHistory.

Results

Molecular identification of Atlantoscia species and detection
of Wolbachia

The COI sequences produced in this study confirmed the iden-
tity of the analyzed species. In other words, the final alignment
of the COI data set was verified against sequences of Atlantoscia
species available from GenBank (https://www.ncbi.nlm.nih.gov/
genbank/) and they aligned unambiguously with the correct spe-
cies. We found two mitochondrial haplotypes for A. petronioi,
three for A. floridana, and four for A. inflata. The relationships
among haplotypes are shown in the Fig. 1. The mean mitochon-
drial divergence between A. floridana and A. petronioi was 13.3%.
This value was 14.9% for A. floridana and A. inflata, and 16.5% for
A. petronioi and A. inflata. The intraspecific divergences were 0.7%,
0.6%, and 0.2% for A. inflata, A. floridana, and A. petronioi, respec-
tively. Sequences generated in this study were deposited in Gen-
Bank under accession Nos. KY053436 to KY053444.

1Supplementary table and figure are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/10.1139/cjz-2018-0086.

Fig. 1. Median-joining haplotype network for mtDNA sequences from the isopods Atlantoscia floridana, Atlantoscia inflata, Atlantoscia petronioi,
and Atlantoscia petronioi infected by Wolbachia bacteria (W+). Area of the circles is proportional to the number of individuals sharing the same
haplotype. Black circles represent missing, probably unsampled, haplotypes or extinct lineages. Lines and numbers between circles represent
the number of mutational steps.
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None of the analyzed individuals of A. floridana and A. inflata was
infected by Wolbachia (only A. petronioi had infected individuals) and
these were more abundant than noninfected ones (111 infected
versus 27 noninfected). Based on 16S rRNA gene, all infected spec-
imens harbour the same strain of Wolbachia, equal to that one
observed by Zimmermann et al. (2012) (GenBank accession
No. JF799948). Regarding the vertical transmission and sex ratio of
infected A. petronioi, 273 offspring individuals were tested and 232
were positive for Wolbachia; that is, the rate of transmission was
84.98%. The sex ratio observed was slightly male-biased (1.108:1),
and it was not more likely for females being born than males
(probability of female being born = 0.474, P = 0.734).

Reproductive life-history traits
Overall, we collected A. floridana more easily than the other two

species, which hints that this species is more abundant at these
particular study sites. Atlantoscia petronioi is the largest species,
followed by A. floridana, and A. inflata is the smallest species (OLS
regression; F[2,626] = 467.9, adjusted R2 = 0.58, P < 0.0001, n = 629;
Table 1a). Regarding the reproductive effort, A. floridana produced
a higher mean number of eggs than A. petronioi, whereas A. inflata
did not differ from either of the aforementioned species (Fig. 2,
Table 1b), but the increase in the number of eggs per unit of body
size did not differ among species (i.e., the slopes did not differ;
Table 1b). Results were similar for the number of embryos and
mancae: A. floridana produced a higher mean number of embryos
and mancae than A. petronioi, and A. inflata did not differ from both
species (Fig. 3, Table 1c). The increase in the number of embryos
and mancae per unit of body size also did not differ among species
(Table 1c). Lastly, Wolbachia infected and noninfected individuals
of A. petronioi did not differ in the mean number of embryos and
mancae (Fig. 4, Table 1d). One interesting aspect, however, is that
noninfected individuals had a wider range of number of embryos
and mancae and sizes (Supplementary Figs. S1a, S1b).1 The intramar-
supial mortality was 2.03% for A. floridana, 0.34% for A. inflata, and
1.77% for A. petronioi (1.39% and 2.79% for noninfected and infected
individuals, respectively), but species did not differ between them-
selves (binomial GLM; ��1,331�

2 = 5.05, P = 0.08; data not shown).

Discussion
Herein, we found that sympatric congeneric Atlantoscia species

differ in their life-history strategies; that is, they differ in how
much they invest in maintenance (i.e., body size) and their repro-

ductive effort. The largest species, A. petronioi, produced a lower
mean number of eggs and embryos than a smaller species,
A. floridana, suggesting that these two species adopt different
strategies. On the other hand, it was hard to detect what strategy
A. inflata adopted. It was the smallest species in our sample, but
the investment in reproductive life-history traits did not differ from
the other species. This suggests that either A. inflata has a liable re-
productive strategy, or that the sample was not large enough to
detect a different strategy in this species. In either case, we can dis-
card phylogenetic constraints from our sample: all species are genet-
ically related, so phylogeny should not play a major role on the
analyzed life-history parameters. Hence, our study highlights the
influence that coexistence may have on life-history strategies.

First, DNA barcoding confirmed the identity of the species ana-
lyzed. Despite the difficulty in distinguishing Atlantoscia species
based on morphological characters, they showed high inter-
specific genetic divergence (Zimmermann et al. 2015b). Indeed,
the seven valid species of the genus present a mean mtDNA COI
genetic distance of 13.9% (Zimmermann et al. 2018). In fact, high
congeneric mitochondrial divergences are usually observed for
terrestrial isopod. For example, genetic distances of COI sequences
among congeneric species of Hawaiioscia Schultz, 1973, Ligidium
Brandt, 1833, Porcellio Latreille, 1804, and Burmoniscus Collinge,
1914 ranged from 14.1% to 29% (Rivera et al. 2002; Klossa-Kilia et al.
2006; Sicard et al. 2014; Karasawa 2016).

Atlantoscia petronioi was the largest species in our study; how-
ever, it exhibited one of the lowest offspring productions. Since
Wolbachia had neutral effects on reproduction (see Results and
below), it is plausible that A. petronioi invests more on growth and
maintenance traits, decreasing the energy pool left to invest in
reproduction. Atlantoscia inflata, on the other hand, apparently
invests the same in reproduction while investing less in somatic
growth. There are four main sources of variation that can explain
this pattern. The first is the environment. One could argue that
metal contamination (Donker et al. 1993), food quality (Hassall
et al. 2002; Lardies et al. 2004), and digestive tract symbionts
(Horváthová et al. 2015; Bouchon et al. 2016; Dittmer et al. 2016)
could affect life-history traits. However, reproductive patterns of
sympatric terrestrial isopods appear to be independent of habitat
conditions. For example, in nine syntopic terrestrial isopods,
species-specific female body size was the main predictor of repro-
ductive strategy and reproductive investment (Achouri et al.
2008). In our study, all species coexist and are exposed to the same
microhabitat pressures. They are also likely to feed on the same
litter types, as different isopods exhibit essentially the same food
preference due to the leaf palatability (Quadros et al. 2014); these
factors, thus, did not affect our results significantly.

The second factor is genetics. Studies have shown that the similar-
ity of life-history traits between species with close phylogenetic re-
lationship is probably related to the existence of phylogenetic
constraints on life-history evolution (Ma et al 1991; Glazier et al.
2003; Quadros et al. 2008). Since the species analyzed are conge-
neric, we can assume that genetics is not playing a major role in
the observed differences in life-history strategies.

The third factor is the strategies adopted by the other species. If
one species invests heavily in any given life-history trait, then the
other traits will be penalized, opening up an opportunity for
other strategies to thrive with different strategies. For instance,
A. floridana is smaller than A. petronioi, but it is more fecund. Ad-
ditionally, A. floridana was more abundant in our study (and is
generally more abundant), being considered a habitat generalist
that possess the traits attributed to a successful colonizer and
pioneer species (Lemos de Castro 1985; Araujo et al. 1996; Lopes
et al. 2005; Quadros et al. 2009). Thus, individuals of A. petronioi
that exhibit an alternative strategy focusing on survival and main-
tenance traits may be selected in this population to avoid direct
competition with A. floridana (Moll and Brown 2008). Since we can
discard phylogenetic constraints and environmental effects, it is

Table 1. Intercepts and slopes of the regression models used to test
differences in the reproductive life-history traits of the isopods Atlantoscia
floridana, Atlantoscia inflata, and Atlantoscia petronioi.

Species Intercept (95% CI) Slope (95% CI)

(a) Cephalothorax width.

Atlantoscia floridana 0.256 (0.248–0.265) —
Atlantoscia inflata 0.030 (0.014–0.045) —
Atlantoscia petronioi 0.350 (0.335–0.364) —

(b) Number of eggs.

Atlantoscia floridana 10.838 (10.249–11.447) 1.477 (1.380–1.581)
Atlantoscia inflata 9.601 (7.541–11.918) 1.437 (1.126–1.828)
Atlantoscia petronioi 7.905 (6.355–9.789) 1.356 (0.995–1.842)

(c) Number of embryos and mancae.

Atlantoscia floridana 10.250 (9.924–10.582) 1.527 (1.468–1.587)
Atlantoscia inflata 9.302 (7.049–12.229) 1.335 (1.084–1.647)
Atlantoscia petronioi 7.795 (6.809–8.889) 1.325 (1.112–1.581)

(d) Number of embryos and mancae infected or noninfected by Wolbachia.

Infected A. petronioi 10.011 (9.216–10.851) 1.142 (1.053–1.238)
Noninfected A. petronioi 8.961 (7.714–10.332) 1.132 (0.877–1.456)

Note: 95% CI is 95% confidence interval. Values in boldface type are different
(i.e., the confidence intervals do not overlap).
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likely that coexistence acts on the selection of A. petronioi life-
history strategy; the same pattern being applied for A. inflata.

The last factor is the Wolbachia infection. We have shown that
only A. petronioi is infected and that the presence of Wolbachia does
not affect reproductive fitness, although considerable evidence
shows contrary scenarios (generally related to fitness decrease) in
terrestrial isopods (e.g., Rigaud et al. 1999, 2001; Rigaud and
Moreau 2004; Braquart-Varnier et al. 2008; Sicard et al. 2010). Up to
80% of individuals were infected, and the vertical transmission
rate was also high (�85%). Despite its high prevalence, the effect
of Wolbachia on reproductive output was apparently neutral, be-
cause there was no difference in the reproductive output of in-
fected and noninfected individuals of this species. Besides, the
offspring of infected individuals were not female-biased, discard-
ing a feminizing effect of the infection, commonly observed in
terrestrial isopods (Bouchon et al. 1998, 2008). The combined ob-
servations of (i) unbiased sex ratio, (ii) high but not fixed preva-
lence, and (iii) high but imperfect vertical transmission rate may
suggest that Wolbachia induces cytoplasmic incompatibility in this

species (for a review see Werren et al. 2008). Cytoplasmic incompat-
ibility is a conditional embryonic lethality that occurs when males
infected with Wolbachia strains inducing cytoplasmic incompatibil-
ity are crossed with uninfected females or with females carrying
other incompatible Wolbachia strains (Moret et al. 2001; Sicard et al.
2014). Some questions, on the other hand, remain to be investigated,
as only the Wolbachia effects on reproduction were examined, and
not on other traits (such as survival, immunity, etc.).

It is intriguing that only one of the studied species is infected
despite the phylogenetic proximity and microhabitat sharing among
them. In fact, the large number of species that carry Wolbachia is a
product of its high capacity to infect new host species; but although
it spreads fast, Wolbachia is also commonly lost in some species. Fur-
thermore, host species vary in their ability to support Wolbachia in-
fection, which, when combined with the rapid spread and loss of
infection, may explain why only one species in our sample is infected
(for a review see Siozios et al. 2018).

In summary, much attention has been given to the reproductive
life-history evolution of terrestrial isopods (Hassall et al. 2003;

Fig. 2. Number of eggs related to cephalothorax width in the congeneric isopods Atlantoscia floridana (black circles and black line; n = 152),
Atlantoscia inflata (grey circles and grey line; n = 66), and Atlantoscia petronioi (white circles and broken line; n = 53). Lines were fitted using the
parameters estimated using a generalized linear model with a Poisson distribution, which are shown in Table 1b. Each data point represents
one female of one species.

Fig. 3. Number of embryos and mancae related to cephalothorax width in the congeneric isopods Atlantoscia floridana (black circles and black
line; n = 226), Atlantoscia inflata (grey circles and grey line; n = 51), and Atlantoscia petronioi (white circles and broken line; n = 81). Lines were
fitted using the parameters estimated using a generalized linear model with a Poisson distribution, which are shown in Table 1c. Each data
point represents one female of one species.
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Lardies et al. 2004; Lardies and Bozinovic 2008; Warburg 2012;
Medini-Bouaziz et al. 2015, 2017), but studies regarding strategies
used by sympatric and syntopic species generally consider those
that are distantly related (e.g., Ma et al. 1991; Achouri et al. 2008;
Quadros et al. 2009; Tanaka and Karasawa 2018). In one of the
exceptions, Ando (1996) suggested that two sympatric and conge-
neric species (Ligidium japonicum Verhoeff, 1918 and Ligidium
koreanum Flasarova, 1972) have different life histories and that
such differences facilitate their coexistence. Additionally, studies
generally do not account for the effect of Wolbachia. In our case,
we showed that the effect is apparently neutral in the reproduc-
tive aspects analyzed, as well as in many coevolved associations
involving these bacteria (Zug and Hammerstein 2015). But,
Wolbachia may play a large role in life-history strategies in species
in which it has negative effects on reproduction. Here, differences in
reproductive effort among the three Atlantoscia species appear to be
linked with the alternative life-history strategies, which resulted
from microevolutionary changes that occurred in the balance of
resource allocation between survivorship, growth, and reproduction
(Hassall et al. 2005). Such differences could prevent or reduce com-
petition between species, allowing their coexistence. In fact, life-
history variation has proven to be a critical coexistence mechanism,
and variation in life-history strategies is also likely to be an impor-
tant driver of local diversity (Lancaster et al. 2017).
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