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Abstract

To enable the regular and harmless monitoring of the gonadal development of the threatened tropical marine
gastropod Cittarium pica, non-lethal procedures for gonadal analysis of adult individuals were evaluated.
Ingestion and survival rates were examined in experimental groups of snails that were untreated (controls) and
treated with procedures such as shell drilling (D); shell drilling and gonadal biopsy (D+B); shell drilling, gonadal
biopsy, and covering the hole in the shell with a soft cover made with soft commercial modeling clay (D+B+SC);
shell drilling, gonadal biopsy, and covering the hole of the shell with a hard cover made with acrylic resin
(D+B+HC). The different procedures applied did not affect the ingestion rate of the snails, except for those
individuals exposed to the D+B+SC treatment, which exhibited a decrease ingestion rate compared to the
controls. All treatments caused a decrease in the survival rates of the snails compared to the controls, with shell
drilling responsible for a 45 % decrease, and the gonadal biopsy for an additional 39 %. Covering the hole in the
shell did not improve these values. The results indicate a high sensitivity of C picato the manipulation of its shell
and tissues, ruling out the use of these procedures for this threatened species
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Resumen

Con el fin de viabilizar el monitoreo regular e inocuo del desarrollo gonadal del gasterépodo marino tropical
amenazado Gittarium pica, se evaluaron procedimientos no letales para el analisis gonadal de individuos adultos.
Se examinaron las tasas de ingestion y supervivencia de grupos experimentales de caracoles no tratados
(controles) y tratados con procedimientos como perforacion de la concha (D); perforacion de la conchay biopsia
gonadal (D+B); perforacion de la concha, biopsia gonadal y obertura del agujero de la concha con una cubierta
de plastilina blanda comercial (D+B+SC); perforacion de la concha, biopsia gonadal y cobertura del agujero de
la concha con una cubierta de resina acrilica dura (D+B+HC). Los diferentes procedimientos aplicados no
afectaron la tasa de ingestion de los caracoles, excepto en aquellos individuos expuestos al tratamiento D+B+SC,
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Introduction

Understanding the reproductive biology of a species is crucial
to study its life cycle. Generally, reproductive studies use
invasive procedures or techniques in which organisms are killed
to obtain their reproductive organ (i.e, testis or ovary); however,
various non-invasive or semi-invasive techniques have also
been proposed and validated as proxy that provides an
observation of the reproductive process, while minimizing the
impact on natural populations. For instance, non-invasive
diagnostic techniques include in vivo magnetic resonance
imaging to assess the sexual maturity in the gastropod mollusc
Patella ferruginea (Guallart et al, 2020), or the use of traditional
body ratios and body shape over time to perceive gonad
maturity and, in turn, the reproductive season in the
polyplacophora mollusc Chiton articulatus (Ramirez-Santana ef
al, 2024). Regarding semi-invasive techniques, these include the
gonadal biopsy or germ cell aspiration tested in some mollusk
species such as the bivalves Actinonaias ligamentina, Elljptio
dilatata (Saha and Layzer, 2008), Gomphina veneriformis (Lee et
al, 2010), Lampsilis straminea (Beaver et af, 2019), Quadrula
apiculate  Quadrula verrucose Quadrula petring, Quadrula
houstonensis (Tzakiris et al, 2016), Pinctada margaritifera
(Acosta-Salmon and Southgate, 2004), 7egillaca granosa (Lee et
al, 2010) and the gastropods P, ferruginea (Guallart et al., 2013)
and Pleurobranchaea maculate (Khor et al, 2013), drilling the
shell or cutting a ‘window’ in the shell until the nacre layer and
subsequent plugging of hole in the bivalves Crassostrea
virginica and Mytilus edulis (Svardh, 2003; Yang et af, 2013) as
well as in the gastropods 7rochus niloticus and Turbo militaris
(Dobson and Lee, 1996; Seinor and Benkendorff, 2023). These
non-invasive or semi-invasive techniques suggest little or no
signs of stress or death in animals subjected to treatment, thus
demonstrating that they are methods with non-lethal results
and useful as a proxy of reproduction.

Gittarium pica is a vetigastropod that inhabits the rocky
intertidal zone of the Caribbean Sea, which has been used by
local coastal communities as a food resource and for handcraft
elaboration, to the point of being threatened by overfishing
(Chasqui et al, 2022; Daza-Guerra et a/, 2018 Osorno et al,
2009; Robertson, 2003). C pica exhibits a continuous
reproductive cycle, a sexual ratio of 1:1, and the size at sexual
maturity between 29 and 68 mm of shell length (Correa et a/,
2012; Debrot, 1990: Osorno and Diaz, 2006). It is a dioecious and
iteroparous species, with external fertilization, without external
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sexual dimorphism, with a gonad in apical position, which is dark
green color in females and whitish in males (Bell, 1992; Randall,
1964; Velasco and Barros, 2017).

Currently, the production of juveniles C. pica is being developed
in hatchery for restocking and aquaculture purposes (Guete-
Salazar et al, 2021; Velasco et af, 2019; Velasco and Barros,
2017; 2018). However, its success has been limited by the low
spawning and low reproductive conditioning (gonadal ripening
or maturation under controlled conditions) responses obtained,
mostly due to the difficulties of identifying the sex and
monitoring the gonadal development stage of the animals used
as broodstock without injuring them (Velasco and Barros, 2017).
Our aim was to evaluate the effects of shell drilling, gonadal
biopsy, and subsequent covering of the shell hole on the rates
of ingestion and survival of C pica adults.

Materials and methods

A total of 450 adult individuals of C pica with sizes higher than
those mentioned above at sexual maturity (70.6 + 10.6 mm in
shell length "SL" and 114.4 £ 56.2 g in total live body weight
"BW") were collected in the intertidal zone of Taganga Bay,
Colombian Caribbean (11°16'04" N, 74°11'36" W) and then were
transported in wet conditions inside isothermal containers to
the Laboratory (approximately 15 min walk).

The snails were cleaned of epibionts by abrasion and the flow of
micro-filtered (1um) and UV-sterilized seawater (Velasco and
Barros, 2018). The shell of each animal was marked, and its
diameter and live weight were measured using a caliper (£0.1
mm) and a scale (£0.001 g) (Velasco and Barros, 2018). Five
experimental groups of 90 randomly distributed animals were
formed, and each group received a non-lethal procedure as
described below (figure 1). D procedure: shell drilling in the
apical part (where the gonad is located), using a micro-drill (tip
diameter of 1 mm). D+B procedure: shell drilling and gonadal
biopsy (around 1 mm of depth and 0.05 mL of gonadal tissue)
using a hypodermic syringe (21G x 1 1/2"). D+B+SC procedure:
shell drilling, gonadal biopsy, and plugging of shell hole with a
soft cover made with soft commercial modeling clay (Kores®).
D+B+HC procedure: shell drilling, gonadal biopsy, and plugging
of shell hole with a hard cover made with acrylic resin material
(Sintesolda®). Control procedure: animals not treated.
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Figure 1. Experimental design used in the present study. Shell drilling (D), gonadal biopsy (B), plugging of shell hole with soft cover

(SC), and hard cover (HC).

Later, each experimental group was subdivided into three
replica groups of 30 animals randomly assigned. Each replica
group was placed in a 10-level lantern-type net (diameter = 45
cm, height = 200 cm, mesh size of 21 mm), evenly distributed
on each level (3 animals per level) with one shelter per level (30
cm of a 4" PVC pipe) (Encena et al, 2013; Pereira and Rasse,
2007). Fresh macroalgae of the species Padina gymnospora and
Laurencia obtusa were supplied as food, using a 1:1 ratio
equivalent to 30 % of the wet weight of live animals (Carrefio et
al, 2021; Silva-Aciares et a/, 2011). The lantern nets were
transferred to the sea and suspended from a long line, provided
with buoys and an anchoring system, at a depth of 6 m and
distanced from each other by a space of 1 m (Velasco et a4/,
2009). Three additional lanterns without animals, provided with
fresh algae, were available to calculate the proportion of food
loss not attributable to ingestion by the snails (such as leaching
or degradation) (Yusup et a/, 2020).

After one week, each lantern net was extracted, and the
remaining macroalgae biomass was quantified, as well as the
number of live animals (Velasco et al., 2009). The daily ingestion
rate of each animal (IR) was estimated from the difference
between the wet weight of the algae at the beginning and the
end of the experiment, discounting the biomass loss due to

leaching or degradation, divided by the number of live snails at
the beginning of the trial (modified from Yusup et a, 2020).

IR (g day™" animal™") = (MWi - MWf corr) / (t * Ni)
MWf corr (g) = MWF + MWi - (MWi *LW)
LW = (MWib - MWfb) / MWib

Where MWi = initial macroalgae weight placed in each lantern
net, MWF = final macroalgae weight found in each lantern net,
MWf corr = final macroalgae weight corrected (adding the
biomass loss due to leaching or degradation), LW = fraction of
macroalgae weight loss due to leaching or degradation, t = time
and Ni= number of live animals in each lantern net at the
beginning time.

Survival rate (S) was calculated by quantifying the difference
between the number of live animals at the beginning (Ni) and
at the end of the experiment (Nf) (Velasco and Barros, 2019).

S (%) = (Ni - Nfy /Ni* 100

To determine the effects of each non-lethal procedure on the
rates of ingestion and survival of the snails, data were analyzed
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using One-Way Analyses of Variance, once the compliance with
the assumptions of homoscedasticity (Cochran test) and
normality (Shapiro Wilks analysis) of the response variables was
confirmed (Zar, 1999). Finally, Spearman correlation analysis was
performed between the rates of ingestion and survival of the
snails. The analyses were performed using the statistical
software Statgraphics Centurion XVI.I and statistical significance
was accepted at P < 0.05.

Results

The ingestion rates of C pica adults ranged from 19 to 2.9 g
day" animal ™ (figura. 2A). Lower values were exhibited by the
group treated with D+B+SC compared to the control group (df
=4,F =649 p = 0.0077). Regarding the other three treatments
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(D, D+B and D+B+HC), they did not show statistically significant
differences compared to the control (p > 0.05).

Survival rates ranged from 4 to 97 % (figure 2B), with the highest
values found in the control group, followed by those groups
with animals whose shells were drilled, and the lowest values
found in the groups with animals in which shell drilling and
subsequent gonadal biopsy were performed, regardless of
whether or not the shell hole was later covered (df = 4, F = 73.51,
p < 0.0001).

A significant positive correlation was found between the rates
of ingestion and survival (r = 0.6882, n = 15, p = 0.0100).
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Figure. 2. Effects of each non-lethal procedure in the ingestion (A) and survival (B) rates of Citarium pica adults. Abbreviations to treatments: Shell
drilling (D), gonadal biopsy (B), plugging of shell hole with soft cover (SC), and hard cover (HC), and not treated (control). Values are means +
Standard Error. Different letters indicate significant differences among treatments at p < 0.05.
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Discussion

The similarity of the ingestion rates for most of the snails treated
and untreated (control animals), suggests that those
interventions did not significantly impact the ingestion
capability, consistent with findings for 7. niloticus subjected to
shell drilling (Dobson and Lee, 1996). However, the lower
ingestion rates observed in the snails exposed to the procedures
of shell drilling, gonadal biopsy and covering of the shell hole
with plasticine (D+B+SC), can be attributed to the interference
of this soft material with their grazing activity and to the lower
survival rate in this procedure at the end of the experiment.

The reduction of 45 % in the survival rates of C pica snails
subjected to shell drilling contradicts the lack of effect of this
procedure registered in C virginica, M. edulis, T. nifoticus and
Turbo militaris (Dobson and Lee, 1996; Seinor and Benkendorff,
2021; Svardh, 2003; Yang et a/, 2013). Such results suggest that
the drilling process may cause stress or small tissue damage, not
macroscopically noticeable. The additional decrease in the
survival rates of C pica treated with gonadal biopsy (of around
39 %) is similar to the results observed in C virginica (Yang et
al, 2013), but it contradicts the lack of effect of this procedure
found in M. edulisand 7. militaris (Seinor and Benkendorff, 2021;
Svardh, 2003). Such results indicate that the damage of the
gonadal tissue caused by the hypodermic needle in C pica
exacerbated the negative effect caused by the shell drilling. The
lack of effect of the shell hole sealing, with either a soft or a hard
material, on the survival rate of C pica contradicts the negative
effects of this procedure registered in M. edulis and 7. militaris
(Seinor and Benkendorff, 2021; Svardh, 2003). Therefore, the
physical protection of the treated gonadic tissue from the action
of external microorganisms did not seem important for the
survival improving of C picatreated.

The survival rates of C pica adults subjected to shell drilling
and/or gonadal biopsy (4-52 %) were relatively low or similar to
values reported for other mollusk such as C virginica (80-100 %;
Yang et a/, 2013), M. edulis (5-88 %; Svérdh, 2003), 7. niloticus
and 7. militaris (100 %; Dobson and Lee, 1996; Seinor and
Benkendorff, 2021). The negative results obtained in this study
suggest a high sensitivity of C pica to the shell drilling and
gonadal damage, being necessary to improve the surgical
instruments, drilling and sampling techniques as well as the
aseptic measures to avoid infections (Berzins and Smolowitz,
2006). In addition, the use of anesthesia can reduce stress during
the intervention and improve the survival rate (Acosta-Salmon

and Southgate, 2004). Currently, the spawning of C pica under
hatchery conditions during daytime and coinciding with new
moon, flooding and high tides (Velasco and Barros, 2017)
remains the only viable non-destructive technique to
differentiate sex and identify mature animals in this species.

Conclusions

Although shell drilling and gonadal biopsy did not seem to
result in a noticeable reduction in the ingestion rate of C. pica,
they significantly decreased their survival rate (between 48 and
96 %), while covering the shell hole did not bring about any
improvement in the survival rate. Therefore, this species is
sensitive to any alteration in shell integrity and soft tissues,
rendering these procedures unsuitable, especially considering
the vulnerable conservation status of its natural populations.
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