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Abstract — The mutable nassa, Tritia mutabilis, a marine gastropod that is widely exploited on the Adriatic
coast is an important source of income for small-scale fishermen in the Mediterranean Sea, particularly in the
Gulf of Lion. However, the lack of knowledge on the ecology and biology of this species limits our
capacities to propose and produce an effective management plan. As a result, stocks are currently declining,
especially in Italy. In order to optimize a management plan for this fishery, we designed a study to better
characterize the reproductive biology of 7. mutabilis, using gonad histology and performing a regular
monitoring of population size frequency. The average shell height of individuals during the breeding period
was 24 £2.7 mm for males and 30+ 3.7 mm for females. The presence of small females (10 mm) and large
males (32 mm) in the whole sample challenged previous assumptions regarding protandry (sex change from
male to female). The size at first maturity was estimated for males and females at 17.5 mm and 24.4 mm shell
height, respectively. In Italy, current management measures include a minimum conservation reference size
of 20 mm in shell height. Therefore, it is likely that many individuals that did not reproduce are being caught,
which could partly explain the decline observed, despite conservation measures introduced more than ten
years ago. Overall, our study provides some baseline information to establish, in consultation with
fishermen, management measures for this small-scale fishery in France.
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1 Introduction

Marine molluscs are among the most important inverte-
brate fisheries, and gastropods represent about 2% of marine
molluscs fished worldwide (Leiva and Castilla, 2002). Some
species are highly valued in international markets and play
important social roles in small-scale fisheries. The mutable
nassa (Tritia mutabilis, Linnaeus, 1758) represents an
important source of local income for small-scale fisheries in
the central and northern Adriatic Sea. Fishermen collect this
shellfish from the beginning of autumn to the end of spring,
using baskets traps baited with dead fish. In Italy, the resource
conservation measures recommend a minimum conservation
reference size (MCRS =20 mm in shell height), a daily quota
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ranging from 100 to 180kg depending on the vessel overall
length, and a fishing season from early fall to late spring
(Regulation 854/2004/EC (EUROPEAN COMMISSION,
2004). Despite all these measures, a constant decline in Italy
has been observed in the last years (Grati et al., 2010), mainly
due to the lack of knowledge on reproductive biology of the
species. Since 2011, mutable nassa is actively fished in France,
in the Gulf of Lion area. A better understanding on the
reproductive biology of the species would be the cornerstone
for the development of a resource management plan. Tritia
mutabilis lives in the first layer (<5cm) of sandy-muddy
bottoms in the neritic zone (they are found between 2 and 15 m
deep off the Mediterranean coasts, Fisher et al., 1987). The
spawning season occurs in late winter, early spring (Polidori
et al., 2015). Females lay eggs in transparent capsules which
they deposit on a hard substrate (Fabi and Giannini, 1983).
After the larval stage, individuals spend much of their time
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Fig. 1. Sampling area in the Grau du Roi site in the Gulf of Lion.

buried in the sediment. At adulthood, the largest individuals,
mainly females, can reach 40 mm. Knowledge on the species
reproductive biology is still very limited. Based on biometric
analyses, previous studies showed the absence of small
females (<15mm) and large males (>23 mm) (Baladucci
et al., 2006; Polidori et al., 2015). These observations led the
authors to hypothesize that sequential hermaphrodism might
characterize this species, with protandrous (from male to
female) sex reversal process occurring between 18 mm and
20mm SH (Baladucci et al., 2006; Polidori et al., 2015). By
collecting individuals of various sizes and recording their sex,
we cast doubt on the existence of this life history trait. We also
model the sexual development process of males and females to
determine the size at which individuals reach maturity.
Histological analyses performed on different size classes for
both sexes allowed us to describe the reproductive cycle of the
species, estimate the size at first sexual maturity for male and
female and provide evidence for gonochorism in this species.

2 Materials and methods

2.1 Study area and fishing surveys

Fisherman collected specimens of Tritia mutabilis in the
Grau du Roi area of the Gulf of Lion in the Western
Mediterranean Sea (Fig. 1) from March 2019 to March 2020.
Specimens were caught with basket traps equipped with a finer
mesh size (4 mm) than those traditionally operated by local
fishermen (10 mm), in order to collect individuals with the
broadest possible size range. Basket traps consist of a steel
frame forming a truncated cone and covered with a cylindrical
panel of netting suspended from either the smaller hoop
(smaller base) or the larger hoop (the larger base) and tied
underneath. The entrance of the trap is through the smaller
base. A total of five basket traps baited with dead fish were
used in each monthly fishing survey.

2.2 Biology of the species and gonad histology

As in most prosobranch gastropods described to date, the
gonads of 7 mutabilis (Fig. 2a) are located at the apex of the

Fig. 2. T mutabilis. (a) Whole specimen with its shell. (b) Anatomical
details of a female. (c) Anatomical details of a male. Cg Capsule
gland, Dg Digestive gland, F Foot, Gd Gonad, Ot Ocular tentacle, Pe
Penis, Sp Siphon.

shell spiral and are at the edge of the hepatopancreas or the
digestive gland (Dg, Fig. 2¢). While the presence of the capsule
gland in large female is clearly visible (Fig. 2b) and can be
considered as gender identification criterion, each individual
was sexually identified on the basis of the presence or absence
of the penis in the right front part of the animal, behind the
tentacle (Fig. 2c¢), as previously described (Polidori et al.,
2015).

For histological examination, twenty individuals were
selected each month over one year, for total of 240 specimens.
No individuals smaller than 10 mm were ever collected in the
baskets. We arbitrarily defined five size classes [10-15],
[15-20], [20-25], [25-30], [30,35]. Once collected,
T. mutabilis were cold anaesthetized for five minutes in the
freezer and then measured for shell height (to the nearest
0.1 mm) using a digital caliper (S_Cal EVO Sylvac IP67).
The shell of each individual was then broken with a notched
wrench and the entire soft part was extracted. Gonads were
separately fixed (Formaldehyde 4%, buffered Ph6.9, Sigma-
Aldrich) for one week. The samples were then rinsed three
times with 70% alcohol for 24 hours and sent to the
Montpellier Experimental Histology Network (RHEM) for
further processing. Gonads were dehydrated in a graded
ethanol series, infiltrated and embedded in paraffin wax.
Transversal sections (3 wm thick) were cut from each gonad
and stained with haematoxylin-eosin-safran (HES). For each
gonad, 4 sections were mounted and examined under a light
microscope (Nanozoomer Hamamatsu) using magnifications
from 10X to 40x.

2.3 Sex-ratio and size at first maturity
2.3.1 Sex-ratio sampling
For sex-ratio analysis we measured and sexed 428

randomly selected individuals in the fishing catches during
the breeding period (March to May).

2.3.2 Maturity stages

To determine the size at sexual maturity in males and
females, we focused on the presence of mature sex cells (late
vitellogenic oocytes and spermatozoa) in the histological
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sections, as well as evidence of mating, visible in the
histological sections by the presence of voids in the lumen of
the seminiferous tubes and follicles.

To determinate size at first maturity, females were
considered mature only when most oocytes were at the
vitellogenic stage, with the germinal vesicle at the periphery of
the oocyte. The numbers and shell height of immature and
mature individuals were recorded to determine the size at
maturity. Since we detected large immature females (some
restarting oogenesis) after the breeding period, we only
considered a subsample (n=20) that was collected during the
first process of maturation to estimate the size at maturity.

Males were considered mature only when the presence of
sperm was detected. As for females, a subsample (n=20) was
collected during breeding period to estimate the size at first
maturity.

2.4 Reproductive cycle
2.41 Female

Oocytes were counted and measured at different stages to
describe the gonad development of females, the number of
cells for each stage was counted in an area of 0.15 mm?
randomly chosen within each slide and a total of five different
females were analyzed in each size class. Based on our
histological observations and from previously published
histological analyses of a related species, Buccinanops
globulosus (Avaca et al., 2015), four distinct stages were
considered (Fig. 3): Oogonia stage: oogonias are attached to
the wall of the follicle and characterized by their low
vacuolated ooplasm and the presence of two nucleoli (Fig. 3a).
Previtellogenic stage: distinguished by an increase in
vacuolated ooplasm, the germinal vesicle clearly visible and
the presence of a single nucleolus (Fig. 3b). Secondary
growth stage: oocytes are easily recognizable by the presence
of yolk granules and a high increase in cytoplasmic volume
(Fig. 3c). Vitellogenic stage: oocytes, with an average size of
500 pm, are characterized by a very large ooplasm volume,
filled with vitellogenic granules and yolk droplets. Migration
of the germinal vesicle to the oocyte periphery indicates
extrusion of second polar body from egg nucleus, and the eggs
are considered fertilizable at this stage (Fig.3d). The average
number of oogonia, previtellogenic oocytes and vitellogenic
oocytes was determined for each size class.

Finally, we performed oocyte measurements as an index of
development. The major axis of the five largest oocytes in the
subsample (0.15mm®) was measured, giving a total of 25
oocyte major axes per size-class.

2.4.2 Male

The different stages of spermatogenesis were also
identified in the various mal histological samples. Four stages
were clearly distinguishable in the different individuals,
although we present all of them in a single mature individual
(Fig. 3e). Spermatogonia stage (Spg): cells are attached to the
wall of seminiferous tube. They are diploid cells in mitotic
proliferation. They have a slightly cubic appearance.
Spermatocyte stage (Spc): These are meiotically dividing
cells. They are rounder and larger than spermatogonia and

Fig. 3. Light microscopy of gametogenesis in 7. mutabilis.
a) Oogonia (Og), attached to the follicle wall with the presence of
two nucleoli (nu) b) Primary growth oocytes with increase of
germinal vacuole (Gv) and presence of a single nucleolus c)
Secondary growth oocyte, cytoplasmic volume expansion and yolk
granule (Yg) accumulation d) Vitellogenic oocyte. Germinal vesicle
migration (Gv) to the periphery of the oocyte. Accumulation and
increase of yolk granules (Yg). ) Detail of seminal tube on mature
male. Observation of the different stages of spermatogenesis. Spc
Spermatocyte Spd Spermatid Spg Spermatogonia Spz Spermatozoa.
Scale bars=50pum. Scale bars=150 wm.

chromatin decondensation can be observed by the clearer
appearance of the nucleus. Spermatid stage (Spd): These
differentiated haploid cells have begun the process of cell
elongation. Spermatozoa stage (Spz): These are mature cells,
totally differentiated, highly recognizable by the long
flagellum oriented towards the lumen, ready for being released
into the vas deferens.
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2.5 Data treatment and statistical analysis

We estimated the normality of the size distribution of both
males and females using a Shapiro-Wilk’s test. As the data
distributions were not normal, we then used a non-parametric
Wilcoxon test to compare males and females. Sex-ratio
(n males/n total) differences between months were estimated
using a binomial model. To estimate the size at which a
randomly chosen specimen has a 50% chance of being mature
(Lsp), we used the R package “sizeMat” (Torrejon-Magallanes,
2020) and the function “gonad mature” with a Bayes logistic
regression and 10000 iterations. Finally, the correlation
between the number and size of oocytes was assessed using
a linear model. All statistical analyses were performed with R
(3.3.0).

3 Results

3.1 Shell length frequency distribution at spawning
period

A total of 428 individuals were measured and their sex
determined macroscopically (200 females and 228 males).
While our basket was designed to trap all size range of
gastropods, it captured only individuals from 15 to 36 mm
(15.5-32.4mm males; 16-35.9mm females) during the
breeding period. Overall, the mean size of females was
greater than that of males (30+3.7 versus 24mm=+2.7;
W=5334.5, p-value < 2.2e-16). The sex-ratio did not
significantly differ over the 3 months considered and averaged
53% of males.

3.2 Gonad development stages
3.2.1 Undifferentiated gonads

We considered undifferentiated cells as oogonia or spermato-
gonia according to the phenotypic sex. Oogonias were
observed in females as small as 10 mm, while spermatogonia
were observed for males from 13 mm (Fig. 4 a, e).

3.2.2 Histological sex differentiation

Sex-specific features were already observed at the
histological level for both males and females of 14 mm, with
early previtellogenic oocytes (Fig. 4b) and a cystic organiza-
tion for male spermatogonia with sparse connective tissue
(Fig. 4e, f). Histological analyses of 14, 16- and 18-mm
specimens confirmed the presence of previtellogenic oocytes
(Fig. 4b-d). No degenerating spermatozoa were observed in
any section of female gonadal tissues. Spermatogonia and
spermatocytes were observed for males smaller than 17 mm
(Fig. 4f, g). For larger males, we observed spermatids, with
probably few spermatozoa (Fig. 4h).

3.2.3 Females

No mature oocytes were observed for animals smaller than
24mm (Fig. 5a). A large quantity of mature oocytes was
observed for larger females (Fig. 5c). Between 24 and 25 mm,
not all females were fully mature as some had mainly
developing oocytes (Fig. 5b, d). Between 25 and 30 mm, most

females had mature vitellogenic oocytes and were, therefore,
considered sexually mature (Fig. Se, ). Our model showed that
the Lso was at 24.4 mm (R =0.65) (Fig. 6a). Lumens were also
observed in the follicles of specimens between 28 and 29 mm,
most probably indicating that eggs had been expelled
(Fig. 5g, h). Concurrently with the oocyte development
process, a new batch of growing oocytes was found on the near
the follicular wall (Fig. Sh). Specimens larger than 29 mm had
two histological profiles, with either mature vitellogenic
oocytes (caught during the breeding period) or developing
oocytes as indicators of second development cycle (Fig. 5i,).
Those with developing oocytes were all caught between
September and November. Proportion of cells at different
stages of development for each size class was well in line with
the histological description and revealed a change in the
predominant cell type as the shell size increased (Fig. 7). From
25 mm, as predicted by the model, there was a clear switch in
the proportion of mature cells with the appearance of
secondary growth oocyte and mature vitellogenic oocyte.
There was also a strong correlation between mean oocyte
cytoplasmic oocyte volume and shell height (R*=0.73; p <
0.01; rho value=0.83).

3.2.4 Males

For males between 18 and 19 mm, the testes became dense
and differentiating cells occupied the seminal tube. All stages were
represented. Spermatogonia (presumably type A) were on the wall
of the seminal tube in active mitosis. Spermatogonia at the
metaphase stage, with chromosome alignment along the
equatorial plate were clearly distinguished, as in a 19.4mm
specimen (Fig. 8a). Spermatocytes and spermatids were also
visible. Mature spermatozoa can be detected in the lumen of the
seminal tube (Fig. 8a). From 23 mm, there is a void in the lumen of
the tube indicating sperm release into the vas deferens (Fig. 8e, g).
The scattered appearance of the gonads in overall view of the
section showed that all the seminiferous tubes had been emptied
(Fig. 8d, f). Our model revealed that the Lsy was 17.5 mm (R* of
0.9) (Fig. 6b).

4 Discussion

Our study provided new insights on the reproductive
biology of Tritia mutabilis. A thorough histological analysis
revealed that the species is likely gonochoristic. Most
prosobranchs are gonochoristic and have internal fertilization.
But the lack of studies on the reproductive biology of
T. mutabilis and of Nassaridae in general, stimulated our
research. Only a few studies focused on 7. mutabilis (Crisp,
1978; Cespuglio et al., 1999; Baladucci et al., 2006; Piccinetti
and Piccinetti-Manfrin, 1998; Salvato et al., 2001; Plessi et al.,
2001; Solustri et al., 2002; Polidori et al., 2015; Caprioli et al.,
2018), and protandry has been proposed only recently, with a
sex change possibly occurring between 18 and 20mm
(Polidori et al., 2015). Our finding contradicts this view, since
i) male and female gonads were never found simultaneously in
any of the samples investigated and ii) small (14 mm) females
and iii) large males (reaching 27mm) were found,
contradicting the hypothesis of a possible protandrous
sex-change. In addition, the sex ratio was always balanced
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Females

A T S SR,
SR

Fig. 4. T. mutabilis. Histological sections of the gonads of small (<20 mm) male and female specimens. (a to d): female with increasing
shell length (a 10 mm, b 14 mm, ¢ 16 mm, d 18 mm) (e to h), male with increasing shell length (¢ 13 mm, f 14 mm, g 16 mm, h 17 mm). Dg
Digestive gland, Gon Gonads. nu nucleoli (two or three nucleoli are visible in (a) a 10 mm female), Sz Mature Spermatozoa. Scale

bars=100pum.

during the breeding period. Finally, our study allowed
providing mean size at first maturity for males (17.5mm)
and females (24.4 mm).

Our result on sex-ratio contrast with those obtained from
Italian’s studies. This contrasted pattern could well be due to

the differential proportion of small individuals (<12 mm) that
are overrepresented in Italian samples and from which penis
identification is highly complicated at the macroscopic level.
Interestingly, the difference in range size is also noticeable for
large individuals that are more represented in French catches,
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Females

Fig. 5. T. mutabilis. Histological sections of the gonads of females larger than 20 mm SH. (a 20.5 mm SH, b and ¢ 24 mm, d 25 mm, e 26.7 mm,
£28.2mm, g28.9mm, h29.4 mm, i 31 mm, j 33.5 mm.) Ct connective tissue, Dg Digestive gland, Do Developing oocite, Gon Gonade, lu lumen;
Og Oogonia, Po pre-vitellogenic oocite, Vo vitellogenic oocite. Scale bars= 100 wm (a, b, d, h); 250um (c, e, f, g, 1, j).

so that populations differ in average size. We could thus
hypothesis that difference in biotope between the Italian and
the French coasts drive this whole pattern.

Regarding reproduction, we found that some large females
(>29mm) were still immature and that oogenesis had
re-started for some of them between October and November.
This suggests that either another reproductive period in late
autumn exist or that individuals are able to reproduce again the

next year between March and May. Results from previous
studies performed on two phylogenetically close species of
Nassaridae (Nassarius reticulatus and Buccinanops globulo-
sus) would argue for the latter hypothesis, since spawning
occurs between spring and early summer (Avaca et al., 2015;
Barroso et al., 1998, Fretter and Graham, 1984). The
large immature females we sampled were captured in the
fall, which is consistent with observations on N. reticulatus and
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Fig. 6. The size at sexual maturity for a) Females and b) Males where the Ls (dashed red line) represents the length at which a randomly chosen
specimen has a 50% chance of being mature. The fitted values for the logit regression (with the R? value) and confidence intervals (95%) are

represented by solid and dashed lines respectively.

Average proportion of different cell types by size class

w w N P
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N
v

Proportion of cells
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[0, o

funy
o

wv

[10-15] [15-20]
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W Sgo
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HOg
0 .

[20-25]

[25-30[ [30-35[

Size class (mm)

Fig. 7. Cells proportion for different development stages as a function of shell height in females. Og Ovogonia; Po Pre-vitellogenic oocyte; Sgo

Secondary growth oocyte; Vo vitellogenic oocyte.

B. globulosus. Finally, spurious observations of veliger
capsules by fisherman were always made in spring, confirming
our histological-based conclusion and supporting the hypoth-
esis of only one breeding season per year in this species.
For the process of sex differentiation, stem cell multipli-
cation already occurred in specimens smaller than 14 mm.
However, our small number of samples that were between 6
and 14 mm did not allow us to identify, with certainty, the exact

size at which histological sex differentiation starts. As
previously pinpointed, the lack of small individuals in traps
could be due to the fact that young individuals likely forage on
different resources than older (and larger) individuals, so that
the bait used did not attract small individuals.

Our modeling approach allowed to determine the size at
first maturity for both sexes. Those data are highly relevant
for reassessing the implementation basis for sustainable
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R

FENA

Fig. 8. T. mutabilis. Histological section of the gonads of males larger than 19 mm SH. (a 19 .4mm, b 20 .8, ¢ 21.5mm, d 23 mm, ¢ 23 mm,
f25.5mm, g 25 .5mm.) Scale bars =100 um (a, e, g), 1 mm (b, c, d, f).

management plans of the resource. Indeed, the currently used
management plan in Italy recommends a minimum capture
size of 20 mm. If populations in Italia are comparable to those
of the present study, then females that did not reproduce are
currently targeted by fishermen and this could be a reason why
the resource is still declining despite efforts and measures to

protect it. However, a previous study conducted in the Adriatic
Sea in spring reported an average size of Tritia mutabilis
considerably lower (Solustri et al., 2002) to that of those
caught in the Gulf of Lion (this study). Indeed, males and
females from the Solustri et al. (2002) study averaged 18.5 and
23.5 mm, respectively, while they averaged 24 and 30 mm in
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the present study. We could thus not discard a potential strong
effect of local conditions on size at first maturity, and a
comparative study assessing mean individual size and timing
of reproduction would be necessary to better depict and
understand these differences. The population dynamics of
many species of gastropods are influenced by human activities
such as fishing or environmental pollution (Avaca et al., 2015).
Studies of biotic conditions and anthropic pressures on the two
fishing sectors could provide answers on the different average
sizes and sizes at sexual maturity for both sexes observed
between the 7. mutabilis populations.

5 Conclusion

In this study, we provide more insights on the reproductive
biology of 7. mutabillis. Our observations contradict the
previously established hypothesis that the species is protan-
drous, despite the clear sexual dimorphism where females are
larger than males. The estimated sizes at sexual maturity
provide crucial information for the implementation of a
sustainable management plan. Hence, we believe that the
present study will pave the way for future discussions with
local fishermen to implement a sustainable management of the
resource.
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