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РЕЗЮМЕ. Данное исследование посвящено 
изучению изменчивости формы раковины сим-
биотического моллюска Phenacovolva rosea 
обитающего на восьмилучевых кораллах. Были 
проанализированы раковины 53 взрослых экзем-
пляров, собранных в трех локациях на севере 
Вьетнама и в районе г. Ня Чанг (южный Вьетнам).  
 Для описания силуэта раковин были полу-
чены эллиптические дескрипторы Фурье, а затем 
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ABSTRACT. This study investigates the shell variability of Phenacovolva rosea, a symbiotic gastropod 
inhabiting octocorals, in relation to geographical location and host coral species. We analyzed shells from 53 
adult specimens collected at three locations in the north of Vietnam and one in the vicinities of Nha Trang 
City (southern Vietnam).
 To describe the shells’ outlines, elliptical Fourier descriptors were applied. Based on the shell 
outline data, principal component analysis was performed. Additionally, height and width of P. rosea shells 
were measured. Only the first two principal components were effective, with the first principal component 
accounting for 92.8% of the variation. It closely correlated with width-to-height ratio of shells. According to 
dispersion analysis (ANOVA), shells in Nha Trang were significantly slimmer with longer terminal processes 
compared to those from the three northern locations. The coral host species also impacted shell shape when 
considering the entire dataset. However, this difference may have stemmed from shell variations between 
locations, as coral composition is not independent of location. When regional samples were analyzed sepa-
rately, no significant impact of the host was detected.
 The factors that differed between northern locations and Nha Trang were then discussed, along with 
the mechanisms underlying their influence. We suggest that predation risk, influenced by water turbidity, 
is greater in the clearer waters of Nha Trang. This increased predator pressure may explain the presence 
of long terminals on P. rosea shells found in Nha Trang, potentially providing protection against some fish 
predators. Furthermore, the shorter and wider shells found in northern locations may be advantageous in 
waters with higher current speeds, whereas the long-teminal shells with narrow apertures observed in Nha 
Trang may be better suited for slower currents. The climate disparity, encompassing temperature and salinity 
mediated through precipitation, could also potentially influence shell morphology. However, the underlying 
mechanism remains unclear due to the complex nature of these interactions and the scarcity of literature 
data.
 Isolating host-specific shell shape traits from other factors proved challenging, given the close 
association between host species composition and location. Laboratory experiments modeling each factor 
independently may provide a solution to this issue.
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к ним был применен анализ главных компонент. 
Кроме того были проведены измерения высоты и 
ширины раковин. Только первые две главные ком-
поненты были значимы, причем первая - описывает 
92.8% изменчивости формы раковины. Первая глав-
ная компонента и отношение ширины раковины к 
ее длине тесно связаны, согласно корреляционному 
анализу. Дисперсионный анализ (ANOVA) показал 
значимые отличия раковин, собранных в северных 
локациях от собранных в Ня Чанге. Они более уз-
кие и обладают более длинными терминальными 
выростами, в отличие от раковин, собранных в 
северных локациях. Вид коралла-хозяина также 
значимо влиял на отношение ширины к высоте 
раковины при анализе всего набора данных, одна-
ко, это может быть связано с различиями видового 
состава хозяев между локациями. При раздельном 
анализе материала из Ня Чанга и северных локаций 
достоверных отличий формы раковины экземпля-
ров, собранных с разных хозяев, не было выявлено. 
Обсуждаются факторы, по которым Ня Чанг и 
северные локации отличаются, а также возможные 
механизмы их влияния на форму раковины. Мы 
предполагаем, что из-за высокой прозрачности 
воды в Ня Чанге пресс хищников может быть выше, 
чем в мутной воде северных локаций. Это может 
объяснять развитие более длинных терминальных 
выростов у раковин P. rosea в Ня Чанге, которые 
могут обеспечивать защиту от некоторых хищных 
рыб. Еще один возможный фактор, определяющий 
форму раковины, – скорость течения. Короткие 
раковины, обладающие широким устьем, найден-
ные на севере, могут быть более устойчивыми к 
сильным течениям, в то время как длинные выро-
сты раковин и узкие устья в Ня Чанге могут быть 
неадаптивны при сильном течении. Климатиче-
ские отличия между северными локациями и Ня 
Чангом, включающие температуру и количество 
осадков влияющее на соленость воды потенциаль-
но могут влиять на форму раковины. Однако кон-
кретные механизмы влияния пока изучены плохо.  
 Влияние коралла-хозяина на форму ракови-
ны обитающих на нем моллюсков сложно отделить 
от других факторов, поскольку видовой состав хозя-
ев сильно зависит от локации. Только лабораторные 
эксперименты, моделирующие влияние каждого 
фактора по отдельности, помогут разрешить эту 
проблему.

Introduction
Phenotypic variation represents the diversity of 

observable traits displayed by individuals within 
a species under varying conditions [Vogt, 2020]. 
Knowledge on how different environmental contexts 
give rise to this diversity is crucial for gaining in-
sights into the adaptability and survival mechanisms 
of organisms.

The ability of aquatic animals to develop differ-
ent traits in response to their environment is well-

documented. They often exhibit distinct behaviors 
and noticeable physical changes in reaction to factors 
like water conditions, diet, and predator presence 
[Reznick, Travis, 1996; Tollrian, Harvell, 1999].

The mollusk shell, functioning as a recording 
structure, encapsulates a substantial segment of an 
organism’s life story. As a result, shell shape has 
become a favored trait for studying phenotypic varia-
tions in response to environmental and biotic factors. 
These studies often employ geometric morphometric 
methods in addition to linear measurements [Trussell, 
2000; Solas et al., 2013; Zdelar et al., 2018; Doyle 
et al., 2018; Lischenko, Jones, 2021; Nieto-Vilela et 
al., 2021]. Shell shape variations detected through 
both geometric morphometric methods and classical 
measurements often encompass variations in linear 
size, shell width-to-height ratio, shell thickness, ap-
erture size and shape [Trussell, 2000; Bourdeau et 
al., 2015]. The factors most frequently indicated as 
influencing shell morphology include temperature, 
wave exposure, water current speed, predation pres-
sure [Bourdeau et al., 2015]. Nevertheless, studies on 
phenotypic response to various factors have primarily 
focused on the well-studied intertidal species from 
temperate water, with limited research effort in tropi-
cal regions [Bourdeau et al., 2015]. 

The majority of members of the marine gastropod 
family Ovulidae are highly dependent on their host, 
the octocoral. Within this family, Phenacovolva 
rosea (A. Adams, 1855) stands out as a species with 
substantial phenotypic variability and one of the 
broadest known host range among Ovulidae [Lorenz, 
Fehse, 2009; Zvonareva et al., 2020; Zvonareva et 
al., 2024]. P. rosea have involute spindle-shaped 
shell that is smooth and glossy in the middle part, 
with striated terminals. It varies in size from small to 
large and from very narrow to inflated centrally, with 
different degrees of terminal processes’ elongation. 
This remarkable shape variation, along with other 
characteristics such as shell and mantle coloration 
patterns, has even been a source of excessive species 
splitting [Rosenberg, 1992]. Presumably, different 
species have preferences for specific hosts [Lorenz, 
Fehse, 2009]. However, previous research has re-
vealed that, despite this considerable variation and 
diverse hosts, it constitutes a single species [Zvona-
reva et al., 2020; Nocella et al., 2024]. 

Prior to this research, barcoding for the COI gene 
was conducted on Phenacovolva spp. specimens 
collected in Vietnam, whose species affiliation was 
uncertain (unpublished). Species other than P. rosea 
and divergent mitochondrial lineages were excluded. 
Around 30% of the specimens used in this study were 
subjected to COI gene barcoding. This subset com-
prised specimens from diverse locations and coral 
hosts, exhibiting various morphotypes. We deemed 
this subset sufficient to ensure that only specimens 
belonging to a single species and sharing the same 
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mitochondrial lineage were included in the present 
study. Specifically, nine sequences were published 
in Zvonareva et al. [2020], while an additional eight 
sequences remain unpublished.

The objective of this study is to assess and analyze 
the variations in shell morphology of the symbiotic 
gastropod P. rosea. Our approach involves both geo-
metric morphometric methods and classical measure-
ments. Our primary objective is to understand which 
factors, cited as the most influential in other studies, 
may contribute to the determination of shell morphol-
ogy in P. rosea and discuss possible mechanisms of 
influence in further detail.

Material and methods
The material for this study was collected dur-

ing a series of expeditions (April-June 2018, 2019, 
2020 and 2021) at four locations in the northern and 
southern parts of Vietnam. The northern sampling 

locations included Quan Lan Island in Bai Tu Long 
Bay, the islands of the Co To archipelago, and Cat Ba 
Island in Lan Ha Bay. In the southern part, samples 
were collected in Nha Trang Bay (Fig. 1). 

Water transparency assessments were conducted 
by two trained divers, who provided subjective evalu-
ations at each sampling site. Specifically, visibility 
at Quan Lan ranged from 0.5 to 3 meters, while 
the Co To and Cat Ba sites showed slightly higher 
visibility, falling within the range of 2 to 6 meters. 
In contrast, Nha Trang Bay featured notably higher 
visibility levels, ranging from 5 to 10 meters during 
the sampling period. Our assessments align with 
existing literature data [Huong et al. 2003; Latypov, 
Dautova, 2005], indicating that Lan Ha and Bai Tu 
Long bays are more turbid due to river input and 
anthropogenic influence.

In Bai Tu Long, the average annual temperature 
ranges from 22.0 to 24.0 °C, with summer monthly 
average temperatures rising up to 28 °C. Winter 

FIG. 1. Map of studied locations. A. Outline of Vietnam highlighting the two studied regions marked with black boxes. B. 
Detailed map showing the three northern locations: Cat Ba Island, Quan Lan Island, and Co To. C. Map depicting Nha 
Trang Bay and its islands.

РИС. 1. Карта мест сбора материала. A. Карта Вьетнама с двумя исследованными регионами отмеченными черными 
квадратами. B. Карта трех северных локаций: островов Кать Ба, Куан Лан и архипелага Ко То. C. Карта залива Ня 
Чанг и его островов. 
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months experience lower temperatures, with Janu-
ary averaging about 17.8 °C [Giang et al., 2023]. At 
Cat Ba, the monthly water temperature varies from 
19.0°C (January) to 32.5°C (July), [Hao et al., 2020]. 
In Nha Trang Bay, average sea temperatures fluctuate 
between 24.0 and 29.5 °C [Vo et al., 2022]. 

The total of 72 specimens of Phenacovolva 
rosea were initially collected using SCUBA diving 
techniques. However, to eliminate potential biases 
related to age-dependent shell features, only adult in-
dividuals with fully formed labrum were considered 
for analysis, resulting in a final count of 53 shells. 
Detailed information regarding the collected material 
is presented in Table 1.

We used dial calipers (accuracy 0.05 mm) to 
measure shell width and height and calculated width-
to-height ratio.

The shells of P. rosea remain stable when rest-
ing on the midsection of their aperture, with both 
terminal processes elevated above the surface. This 
positioning likely mirrors their natural state on coral. 
To avoid potential biases arising from variations in 
shell positioning and projection angles due to manual 
handling during standard aperture-up photography, 
we captured each shell in its stable and natural ori-
entation.

For each specimen, the photographs were sub-
jected to a processing step using Photoshop CS6 
“posterize” function to obtain a silhouette of the 

shell. The silhouette was subjected to analysis using 
the SHAPE software package [Iwata, Ukai, 2002], 
employing Elliptic Fourier descriptors (EFD) [Kuhl, 
Giardina, 1982]. This approach comprehensively 
outlines the shell shape. Following this, the software 
conducts principal component analysis of EFD 
coefficients to condense the information within the 
coefficients [Rohlf, Archie, 1984]. It subsequently 
provides a visualization of the variation for which 
each principal component (PC) is responsible. 

Correlation was studied between principal com-
ponents and other measured shell characteristics and 
correlation coefficients (r) were obtained.

Then, we conducted dispersion analysis for cat-
egories with a minimum of 3 data points (one-way 
ANOVA) for the location (53 specimens) and host-
species predictors on whole dataset (43 specimens) 
and separately for northern locations (26 specimens) 
and Nha Trang (15 specimens).

In instances where the ANOVA indicated signifi-
cant effects, we employed Tukey’s unequal-N post 
hoc tests to perform pairwise comparisons of means 
among the different host coral species and locations. 
All statistical analyses were carried out using Statis-
tica 12 software (StatSoft, Inc. 1984–2014).

Results
In the collected specimens, shell height ranged 

from 16.8 to 42.5 mm, with a width variation between 

Table 1. Species composition of host corals across four study locations, with the number of collected shells from each host and 
location.

Табл. 1. Видовой состав кораллов-хозяев в четырех местах сбора, количество собранных раковин на каждом хозяине 
и в каждом месте сбора.

Coral species Region Total images
Nha Trang Cat Ba Co To Quan Lan

Astrogorgiiadae: Malacalcyonacea
Astrogorgia sp. 1 (white) 1 1
Astrogorgia sp. 2 (red) 1 1 2
Astrogorgia sp. 3 (red&yellow) 3 3 11 17
Paramuriceidae: Malacalcyonacea
Acanthogorgia sp. 5 5
Bebryce sp. 7 7
Echinogorgia sp. 1 (red) 2 1 3
Echinogorgia sp. 2 (yellow) 2 2
Echinomuricea sp. 2 2
Menella sp. 4 4
Paraplexaura sp. 4 1 5
Euplexauridae: Malacalcyonacea
Euplexaura sp. 2 2
Subergorgiidae: Malacalcyonacea
Subergorgia sp. 1 1
Ellisellidae: Scleralcyonacea
Dichotella sp. 1 1
Junceella sp. 1 1

21 13 7 12 53
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4.3 and 10.3 mm. The width-to-height ratio spanned 
from 0.15 to 0.36. 

Only the first two principal components were 
effective, collectively explaining 96% of the varia-
tion in shell shape. The first component (Fig. 2) 
accounted for 92.8% of the total shell shape varia-
tion. Shells with negative eigenvalues are slenderer 
than the consensus shape and have longer terminal 
processes. PC1 aligns well with the width-to-height 
ratio, exhibiting a correlation coefficient between 
these measures of r = 0.99 (p < 0.001). Therefore, 
we provide graphs only for the width-to-height ratio 
later in the text, as the graphs for PC1 are almost 
identical. PC2 accounted for 3.2% of the variation. It 
is related to the curvature of the shell, with negative 
eigenvalues responsible for apparent bending of the 
shell to the left from the symmetry axis, while posi-

tive eigenvalues characterize symmetrical shells and 
shells with slight bending to the right. However, the 
shell shape characteristics represented by PC2 are 
less apparent due to a narrower variation, especially 
compared to PC1 (Fig. 2).

 The results from the ANOVA indicate sig-
nificant influences of the collection location on PC1 
(p<0.001) and width-to-height ratio (p<0.001). How-
ever, there were no significant differences observed 
in height, PC2, and width. A notable distinction is 
evident in Nha Trang compared to the three northern 
locations (p<0.001 in all three cases), characterized 
by lower PC1 and a lower width-to-height ratio in 
Nha Trang (Fig. 3A). This is visually represented as 
slender shells in Nha Trang and inflated shells in the 
northern locations (Fig. 2). 

In the analysis of the dataset containing all six 

FIG. 2. Shell shape variation in P. rosea. Left. Visualization of shape variations accounted for by each principal component using 
the PrinPrint program in the SHAPE software package. Right.  Contrasting shell shape variants. All six shells are shown 
in the standard aperture-up position, with two of them also resting on their aperture as examples of the images used in the 
outline analysis. A. Location – Nha Trang, host – Echinogorgia sp. 2. B. Co To, Astrogorgia sp. 2. C. Quan Lan Astrogorgia 
sp. 3. D. Nha Trang, Menella sp. E. Nha Trang, Bebryce sp. F. Nha Trang, Paraplexaura sp.

РИС. 2. Изменчивость формы раковины P. rosea. Слева. Визуализация изменчивости формы раковины для каждой глав-
ной компоненты по отдельности, выполнена в программе PrinPrint пакета SHAPE. Справа. Контрастные варианты 
формы раковины. Все шесть раковин приведены в стандартной позиции устьем вверх, для двух из них приведены 
фото с дорзальной стороны, как пример изображений использованных в анализе силуэтов. A. Локация – Ня Чанг, 
хозяин – Echinogorgia sp. 2. B. Ко То, Astrogorgia sp. 2. C. Куан Лан, Astrogorgia sp. 3. D. Ня Чанг, Menella sp. E. Ня 
Чанг, Bebryce sp. F. Ня Чанг, Paraplexaura sp.
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coral species from both Nha Trang and northern 
locations, each hosting at least three specimens of 
P. rosea, host coral significantly influenced PC1 and 
width-to-height ratio (p<0.001) (Fig. 3B). Menella 
sp., Paraplexaura sp. and Bebryce sp. differed from 
Astrogorgia sp. 3 and Acanthogorgia sp.; Menella sp. 
and Paraplexaura sp. differed from Echinogorgia sp. 
1 (all p<0.05). However, no significant impact was 
observed on width, height, and PC2. 

The composition of host species varies among 
locations, with no host species shared across all four 
locations. This distinction is particularly pronounced 
between Nha Trang and the northern locations. 
Only Paraplexaura sp. is shared between these two 
regions, present in Nha Trang and one specimen in 
Quan Lan. Furthermore, the northern locations ex-
hibit differences among each other, with Astrogorgia 
sp. 3 being the only host species shared among all 
three of them. It is notable that the significant differ-
ence observed in the analysis of six host species may 
primarily stem from influence of location, indicating 

differences in host species composition across vari-
ous study locations.

 Therefore, to mitigate the influence of varying 
coral compositions, we conducted separate analyses 
of host influence for three northern locations. The 
results revealed no significant effects on any of the 
shell shape parameters (Fig. 4A).

Similarly, when analyzed separately in Nha 
Trang, no significant influence of the host coral on 
any of the parameters was detected (Fig. 4B). 

Discussion
PC1 closely aligns with the characteristics of the 

width-to-height ratio. Notably, we observed a sig-
nificant difference between Nha Trang and the three 
northern sites, characterized by slender shells in Nha 
Trang and inflated shells in the northern locations. 

It is crucial to emphasize the remarkable range of 
variation in the shell of Phenacovolva rosea, which 
is readily apparent to the naked eye. This distinction 

FIG. 4. ANOVA tests of width-to-height ratio of P. rosea shells across different host species, vertical bars denote 0,95 confidence 
intervals. A. In three northern locations (current effect: F(2, 23)=,09015, p=,91411). B. In Nha Trang (F(2, 12)=1,4096, p=,281).

РИС. 4. ANOVA для отношения ширины раковины к высоте у P. rosea, «усы» обозначют доверительный интервал 0,95. 
A. В трех северных локациях (F(2, 23)=,09015, p=,91411). B. В Ня Чанге (F(2, 12)=1,4096, p=,281).

FIG. 3. ANOVA tests of the width-to-height ratio of shells of P. rosea, vertical bars denote 0,95 confidence intervals A. Across 
four studied locations (current effect: F(3, 49)=32,260, p=,00000). B. Across six coral host species, irrespective of collection 
location (current effect: F(5, 35)=12,866, p=,00000).

РИС. 3. ANOVA для отношения ширины раковины к высоте у P. rosea, «усы» обозначют доверительный интервал 0,95. 
A. В четырех локациях (F(3, 49)=32,260, p=,00000). B. На шести видах корллов-хозяев независимо от места сбора 
(F(5, 35)=12,866, p=,00000).
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sets it apart from other studied gastropod species in 
which shell shape variation is less conspicuous, often 
requiring measurements and morphometric methods 
for detection [Urabe, 1998; Trussell, 2000; Cotton 
et al., 2004; Avaca et al., 2013; Solas et al., 2013].

The structure of our data makes it difficult to fully 
isolate the impact of host coral on shell morphology 
from the regional differences in shape, given the vari-
ability in coral species composition across locations. 
Nevertheless, by conducting a dispersion analysis 
on shape variables, we can lay the basis for further 
exploration of the potential mechanisms of influence 
of various factors, including those identified as the 
most significant in previous studies on shell shape 
formation.

Temperature

Researchers have frequently explored latitudinal 
variations in shell shapes, often linking these dif-
ferences to gradual changes in water temperature. 
The impact of water temperature on various traits 
of calcium carbonate-based shells is substantial. 
This is attributed to the decrease in the availabil-
ity of CaCO3 as the water temperature decreases, 
coupled with an increase in its solubility [Clarke, 
1983]. Consequently, the deposition and mainte-
nance of shells become more challenging in colder 
water environments [Graus, 1974; Vermeij, 1978]. 
In support of this, tropical mollusks exhibit higher 
calcification indices than their temperate counterparts 
[Graus, 1974].

Studies examining the influence of temperature 
regimes have revealed their effects on growth rate, 
shell thickness, shell shape, and callosities formation 
[Trussell, 2000; Doyle et al., 2010; Melatunan et al., 
2013; Bourdeau et al., 2015; Irie, Marimoto, 2016]. 
However, these studies have sometimes yielded 
conflicting results, underscoring disparities in shell 
characteristics between laboratory-grown specimens 
and those found in natural environments. This sug-
gests that temperature alone may have a limited or 
indirect impact on shell shape under natural condi-
tions [Doyle et al., 2010; Bourdeau et al., 2015].

The regions being investigated showcase notable 
climatic disparities, as evidenced by climatic clas-
sification maps [Beck et al., 2018]. In the north, 
there is a considerably broader spectrum of air and 
water temperatures, accompanied by colder winters. 
While extensive research has been conducted on the 
impact of temperature on shell morphology, there 
remains a lack of information regarding how natural 
temperature fluctuations throughout the seasons af-
fect shell characteristics. The effects of temperature 
described in existing literature do not fully align with 
our findings, where shell shape variation is notably 
more pronounced. While variations in calcification 
rates or growth seasonality may contribute to shell 

shape, the precise mechanisms of temperature influ-
ence remain unknown.

Salinity

In contrast to temperature studies, research on the 
role of salinity in shell shape variation is less com-
mon. Limited data is available on this topic, primarily 
focusing on its impact on the shell morphology of 
bivalves [Valladares et al., 2010; Márquez, Van Der 
Molen, 2011; Telesca et al., 2018].

The climatic differences observed among the 
study locations cannot be solely attributed to tem-
perature disparities; variations in precipitation also 
play a significant role, impacting salinity levels. This 
is particularly notable in the northern regions, where 
annual precipitation exceeds that of Nha Trang [Beck 
et al., 2018]. Additionally, Nha Trang is situated in 
an upwelling zone, receiving high-salinity water 
[Barthel et al., 2009]. Furthermore, Cat Ba, located 
in the Red River delta, and Quan Lan and Co To, 
positioned slightly northeastward, may experience 
less influence from river water then Cat Ba. Observa-
tions suggest that shells collected from Cat Ba are the 
sturdiest, whereas those from Nha Trang, which lacks 
major rivers and undergoes lower annual precipita-
tion, display slender shells of P. rosea. Therefore, 
salinity may also play a role in shaping the shells of 
P. rosea. However, due to the limited understanding 
of this aspect, it is challenging to propose an exact 
mechanism of influence.

Predation risk

The risk of predation is a frequently debated 
factor influencing shell shape diversity. Numerous 
studies have investigated predator-induced altera-
tions in gastropod shell characteristics, primarily 
focusing on interactions with crabs [Kitching et al., 
1966; Trussel, 2000; Delgado et al., 2003; Doyle et 
al., 2010; Moody, Aronson, 2012; Sepúlveda et al., 
2012]. In the case of P. rosea, fish are the primary 
predators, as the host coral employs structural and 
chemical defenses to protect itself and its symbiont 
[Sammarco, Coll, 1992; Lucas et al., 2014], deter-
ring unspecialized animals like crabs and other mol-
lusks from climbing on the coral [Rosenberg, 1992; 
Burkepile, Hay, 2007].

As suggested by Palmer [1979], one of the main 
defenses against fish predation is spination. How-
ever, in the case of P. rosea, the spination differs 
from Palmer’s notion of an effective stout spinose 
sculpture strategically positioned to withstand fish 
attacks and redirect their force, thereby increasing 
effective size. P. rosea typically possesses only two 
‘spines’ (i.e. the terminal processes) oriented in op-
posite directions. 

Shell-crushing fish exhibit two distinct jaw mor-
phologies for shell crushing, utilizing either oral jaws 
or pharyngeal jaws. Although the ‘spines’ of P. rosea 
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might not effectively protect against oral jaw crush-
ers, for pharyngeal jaw crushers, long terminals could 
potentially increase the effective size of the mollusk, 
making it challenging for the fish to manipulate the 
shell within its mouth.

Differences in predation pressure may indeed 
exist between the three northern locations and Nha 
Trang. This biotic factor is likely influenced by lo-
cal hydrology, particularly water turbidity. Clearer 
waters in Nha Trang facilitate visual predators in 
locating mollusks on their hosts, whereas the higher 
turbidity in the northern locations hampers fish vi-
sion, allowing mollusks to remain undetected [Ortega 
et al., 2020]. Consequently, conditions in Nha Trang 
may promote the development of long terminals as 
a defense against certain predators.

Current power

Another frequently discussed factor influenc-
ing the shell shape is wave exposure [Johannesson 
et al., 1993]. Gastropods exposed to wave action 
tend to have more globular shells, featuring a larger 
rounded aperture and a larger foot, which enhances 
their ability to secure a stronger attachment to sub-
strata. In contrast, at sheltered sites, shells take on 
a more elongated form with a smaller aperture and 
foot [Kitching et al., 1966; Crothers, 1981; Rolán et 
al., 2004]. Nevertheless, it is consistently acknowl-
edged that distinguishing between the influence of 
waves and predation pressure is challenging, given 
the interconnected nature of these two factors in the 
cases of most studied intertidal gastropod species 
and crabs [Sánchez et al., 2011; Sepúlveda, Ibáñez, 
2012; Sepúlveda et al., 2012].

While wave action may not directly apply to our 
study due to the occurrence of mollusks deeper and 
in sheltered areas, similar features associated with 
strong currents, such as a globular shape and larger 
aperture, have been reported in the literature for 
mollusks exposed to currents [Murty, Rao, 1978; 
Crothers, 1981; Lam, Calow, 1988]. 

In our specific case, shells from northern locations 
appear more globular and feature wider apertures, 
which may be better suited to strong currents, while 
the elongated terminal processes observed in shells 
from Nha Trang could potentially impede the snail’s 
ability to withstand strong currents. These elongated 
processes might function similarly to a sail, while 
the narrow aperture could limit the development 
of a substantial foot, thereby reducing attachment 
strength. However, we did not directly measure 
current strength at the collection sites, and thus lack 
definitive confirmation that currents in northern 
locations are stronger. Nonetheless, this speculation 
gains credibility considering that northern bays, be-
ing shallower compared to Nha Trang, suggest the 
possibility of stronger tidal flows that could indeed 
influence shell shape.

Host species

Various host species exhibit different structural 
characteristics, such as branch thickness, presence 
of calyces and others. Therefore, it is reasonable 
to hypothesize that corals may influence the shell 
shape of symbionts. For example, slender corals 
might require slimmer shells to effectively mitigate 
predation risk and secure their symbiont unnoticed 
by predators, while thicker corals may accommodate 
wider shells. Our study partially supports this idea.

Although the difference was not significant when 
considering the mean values, Astrogorgia sp. 3 and 
Acanthogorgia sp., which have tall calyces and non-
retractile polyps resulting in wider branch diameters, 
tend to host mollusks with more inflated shells. 
Conversely, Menella sp. and Paraplexaura sp., with 
fully retractile polyps and low calyces, tend to host 
mollusks with slenderer shells when considering the 
mean values of the width-to-height ratio.

Additionally, Bebryce sp. exhibits non-significant 
differences from other corals in Nha Trang, but mean 
values suggest that shells on this coral are the most 
inflated in Nha Trang, possibly due to its tall calyces 
resulting in larger branch diameter. However, this 
pattern is not observed for Echinogorgia sp. 1, which 
hosts inflated shells despite its slender branches with 
fully retractile polyps and low calyces.

Another less apparent mechanism we can specu-
late about involves the diverse chemical defenses 
of coral species [Coll et al., 1982]. Mollusks must 
contend with and neutralize these defenses through 
metabolism [Coll et al., 1983]. This process may 
demand varying amounts of energy and resources, 
consequently affecting shell production.

However, since the differences in shell shape 
within the same region are not significant, we lean 
towards suggesting that the host species may be a 
less influential factor compared to the location itself. 

Zvonareva et al. [2024] conducted a study on 
mantle camouflage of P. rosea, partially using the 
same material as the current study. A divergent mito-
chondrial lineage was later discovered in that dataset 
(unpublished), which were excluded from the dataset 
of the present study. However, their findings revealed 
that the coloration of the mollusk depended on the 
coloration of the host coral, with darker mollusks 
found on darker corals and lighter mollusks on lighter 
corals. Additionally, they observed that camouflage 
efficiency was also a host-dependent trait, while the 
collection location did not have a significant effect. 
In contrast, the current study found the opposite 
pattern: the shells significantly differed between 
locations, and there was no difference depending on 
the host when the difference in coral composition 
between locations was eliminated. This highlights 
that different organismal traits behave differently in 
response to the same factors.
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Conclusion
We discovered that the shells of Phenacovolva 

rosea collected in Nha Trang were significantly 
slimmer and exhibited more pronounced terminal 
processes compared to those from three northern 
locations.

We explored various factors that could differ 
between Nha Trang and northern locations, which 
previous studies have identified as highly influential 
on the shells of other molluscs. We suggest that pre-
dation risk, influenced by water turbidity, is greater 
in the clearer waters of Nha Trang. This increased 
predator pressure may explain the presence of long 
terminals in P. rosea shells found in Nha Trang, 
which could potentially provide protection against 
some fish predators. Furthermore, the shorter and 
wider shells found in northern locations may be ad-
vantageous in higher water current speeds, whereas 
the long-terminal shells with narrow apertures 
observed in Nha Trang may be better suited for 
slower currents. The climate disparity, encompassing 
temperature and salinity mediated through precipita-
tion, could potentially influence shell morphology. 
However, the underlying mechanism remains unclear 
due to the complex nature of these interactions and 
the scarcity of literature data. Host-specific shell 
shape traits were challenging to isolate from other 
factors, as the host species composition was closely 
linked with location.  

Studying mollusks within their natural popula-
tions makes it difficult to ascertain definitively 
which factors are driving shell morphology, par-
ticularly when these factors are not independent of 
each other. One potential approach to addressing this 
challenge could involve expanding the dataset to 
include a broader range of host species shared across 
different locations. However, this may prove chal-
lenging given that the location not only influences 
the environmental conditions for mollusks but also 
determines the available coral species. For instance, 
certain corals are restricted to specific conditions 
such as turbidity levels, water currents, sediment 
types, and depths [Fabricius, Alderslade, 2001]. 

Therefore, laboratory experiments that isolate 
each factor independently could provide a more 
robust method for elucidating these relationships 
and shedding light on the fundamental biological 
question: to what extent plasticity and local adapta-
tion contribute to the variability of particular species.

Acknowledgments
This study was supported by the Joint Vietnam—Russia 

Tropical Science and Technology Research Center, Ecolan 
3.1, Task 2. The authors express gratitude to the staff of the 
Russian-Vietnamese Tropical Center for providing facilities 
and organizational assistance during fieldwork. We also 
extend our thanks to Dr. Kantor Yu. I. and the anonymous re-

viewer for their valuable comments. The work was funded by 
Russian Science Foundation (Grant number [22-74-00113]).

References
Avaca M. S., Martín P., Narvarte M., van der Molen S. 

2013. Shell shape variation in the Nassariid Bucci-
nanops globulosus in northern Patagonia. Helgoland 
Marine Research, 67(6): 567–577. DOI:10.1007/
s10152-013-0344-5 

Barthel K., Rosland R., Thai N. C. 2009. Modelling 
the circulation on the continental shelf of the prov-
ince Khanh Hoa in Vietnam. Journal of Marine 
Systems, 77(1-2): 89–113. DOI:10.1016/j.jmar-
sys.2008.11.010

Beck H. E., Zimmermann N. E., McVicar T. R., Ver-
gopolan N., Berg A., Wood E. F. 2018. Present and 
future Köppen-Geiger climate classification maps 
at 1-km resolution. Scientific data, 5(1): 1–12. DOI: 
10.1038/sdata.2018.214

Bourdeau P. E., Butlin R. K., Brönmark C., Edgell T. 
C., Hoverman J. T., Hollander J. 2015. What can 
aquatic gastropods tell us about phenotypic plastic-
ity? A review and meta-analysis. Heredity, 115(4), 
312–321. DOI:10.1038/hdy.2015.58

Burkepile D. E., Hay M. E. 2007. Predator release of the 
gastropod Cyphoma gibbosum increases predation 
on gorgonian corals. Oecologia, 154(1): 167–173. 
DOI:10.1007/s00442-007-0801-4

Clarke A. 1983. Life in cold water: the physiological 
ecology of polar marine ectotherms. Oceanography 
and marine biology, 21: 341–453.

Coll J. C., La Barre S., Sammarco P. W., Williams W. T., 
Bakus G. J. 1982. Chemical defences in soft corals 
(Coelenterata: Octocorallia) of the Great Barrier 
Reef: a study of comparative toxicities. Marine 
ecology progress series. Oldendorf, 8(3): 271–278.

Coll J. C., Tapiolas D. M., Bowden B. F., Webb L., 
Marsh H. 1983. Transformation of soft coral (Coel-
enterata: Octocorallia) terpenes by Ovula ovum 
(Mollusca: Prosobranchia). Marine Biology, 74: 
35–40. DOI:10.1007/BF00394272

Cotton P. A., Rundle S. D., Smith K. E. 2004. Trait 
compensation in marine gastropods: shell shape, 
avoidance behavior, and susceptibility to predation. 
Ecology, 85(6): 1581–1584.

Crothers J. H. 1981. On variation in Nucella lapillus 
(L.): shell shape in populations from the Solway 
Firth. Journal of Molluscan Studies, 47: 11–16.

Delgado G. A., Glazer R. A., Stewart N. J. 2003. 
Predator-induced behavioral and morphological 
plasticity in the tropical marine gastropod Strom-
bus gigas. The Biological Bulletin, 203: 112–120. 
DOI:10.2307/1543463

Doyle S., MacDonald B., Rochette R. 2010. Is water 
temperature responsible for geographic variation 
in shell mass of Littorina obtusata (L.) snails 
in the Gulf of Maine? Journal of Experimental 
Marine Biology and Ecology, 394(1–2): 98–104. 
DOI:10.1016/j.jembe.2010.07.023

Doyle D., Gammell M. P., Nash R. 2018. Morphomet-
ric methods for the analysis and classification of 
gastropods: a comparison using Littorina littorea. 
Journal of Molluscan Studies, 84(2): 190–197. 
DOI:10.1093/mollus/eyy010

Fabricius K., Alderslade P. N. 2001. Soft corals and sea 



108 S.S. Zvonareva, Y.V.  Deart, F.V.  Lischenko, H.T. Yen Dinh, T.Tu Nguyen, E.S. Mekhova

fans: a comprehensive guide to the shallow-water 
genera of the Central-West Pacific, the Indian 
Ocean and the Red Sea. Australian Institute of 
Marine Science, Townsville, 264 p.

Giang C. T., Ugalde S., In V. V., Thuy T. T., Muu T. 
T., Huyen V. T., Lua D. T., Minh T. T. N., Khuyen 
T. D., Khoi L. V., Sang V. V. 2023. Effect of differ-
ent culture methods on growth and survival of the 
snout otter clam, Lutraria philippinarum, in Bai Tu 
Long Bay, Vietnam. Aquaculture Journal, 3: 32–42. 
DOI:10.3390/aquacj3010005.

Graus R. R. 1974. Latitudinal trends in the shell charac-
teristics of marine gastropods. Lethaia, 7: 303–314. 

Hao D. M., Sy D. T., Tuyet D. T. A., Hiep L. M., Dat N. 
T., Huong D. T. T., Thung D. C., Nhon D. H., Lan 
T. D., Quan N. V. 2020. Distribution and density of 
Lutraria rhynchaena Jonas, 1844 relate to sediment 
while reproduction shows multiple peaks per year in 
Cat Ba-Ha Long Bay, Vietnam. Open Life Sciences, 
15(1): 721–734. DOI:10.1515/biol-2020-0072

Huong T. T. L., Vermaat J. E., Terrados J., Tien N. V., 
Duarte C. M., Borum J., Tri N. H. 2003. Seasonality 
and depth zonation of intertidal Halophila ovalis 
and Zostera japonica in Ha Long Bay (northern 
Vietnam). Aquatic Botany, 75: 147–157.

Irie T., Morimoto N. 2016. Intraspecific variations in 
shell calcification across thermal window and within 
constant temperatures: experimental study on an 
intertidal gastropod Monetaria annulus. Journal 
of Experimental Marine Biology and Ecology, 483: 
130–138. DOI:10.1016/j.jembe.2016.07.006.

Iwata H., Ukai Y. 2002. SHAPE: A computer program 
package for quantitative evaluation of biological 
shapes based on elliptic Fourier descriptor. Jour-
nal of heredity, 93(5): 384–385. DOI:10.1093/
jhered/93.5.384

Johannesson K., Johannesson B., Rolán‐Alvarez E. 
1993. Morphological differentiation and genetic 
cohesiveness over a microenvironmental gradient 
in the marine snail Littorina saxatilis. Evolution, 
47(6): 1770–1787. DOI:10.1111/j.1558-5646.1993.
tb01268.x

Kitching J. A., Muntz L., Ebling F. J. 1966. The ecology 
of Lough Ine. XV. The ecological significance of 
shell and body forms in Nucella. Journal of Animal 
Ecology, 35: 113–126. DOI:10.2307/2693 

Kuhl F. P., Giardina C. R. 1982. Elliptic Fourier features 
of a closed contour. Computer graphics and image 
processing, 18(3): 236–258. DOI:10.1016/0146-
664X(82)90034-X

Lam P. K. S., Calow P. 1988. Differences in the shell 
shape of Lymnaea peregra (Müller) (Gastropoda, 
Pulmonata) from lotic and lentic habitats – envi-
ronmental or genetic variance. Journal of Mol-
luscan Studies, 54: 197–207. DOI:10.1093/mol-
lus/54.2.197

Latypov Y. Y., Dautova T. N. 2005. Species composition 
of corals in silty shallows of the Bai Thu Long archi-
pelago (Gulf of Tonkin, South China Sea). Russian 
Journal of Marine Biology, 31(Suppl. 1): S41–S48.

Lishchenko F., Jones J. B. 2021. Application of shape 
analyses to recording structures of marine organ-
isms for stock discrimination and taxonomic 
purposes. Frontiers in Marine Science, 8: 667183. 
DOI:10.3389/fmars.2021.667183.

Lorenz F., Fehse D. 2009. The living Ovulidae. A 

manual of the families of allied cowries: Ovulidae, 
Pediculariidae and Eocypraeidae. Conchbooks, 
Hackenheim, 651 p.

Lucas M. Q., Rodríguez L. R., Sanabria D. J., Weil 
E. 2014. Natural prey preferences and spatial 
variability of predation pressure by Cyphoma 
gibbosum (Mollusca: Gastropoda) on octocoral 
communities off La Parguera, Puerto Rico. Interna-
tional Scholarly Research Notices, 2014: 742387. 
DOI:10.1155/2014/742387.

Márquez F., Van Der Molen S. 2011. Intraspecific shell-
shape variation in the razor clam Ensis macha along 
the Patagonian coast. Journal of Molluscan Studies, 
77(2): 123–128.

Melatunan S., Calosi P., Rundle S. D., Widdicombe 
S., Moody A. J. 2013. Effects of ocean acidifica-
tion and elevated temperature on shell plasticity 
and its energetic basis in an intertidal gastropod. 
Marine Ecology Progress Series, 472: 155–168. 
DOI:10.3354/meps10046

Moody R. M., Aronson R. B. 2012. Predator-induced 
defenses in a salt-marsh gastropod. Journal of 
Experimental Marine Biology and Ecology, 413: 
78–86. DOI:10.1016/j.jembe.2011.11.029.

Murty A. S., Rao M. 1978. Effect of environment on 
the shell shape of a tropical estuarine snail Neritina 
violacea (Gmelin) (Gastropoda: Neritacea). Journal 
of Molluscan Studies, 44: 265–271. DOI:10.1093/
oxfordjournals.mollus.a065433

Nieto-Vilela R. A., Vrdoljak J., Giulianelli S., Bigatti 
G., Márquez F. 2021. Geometric morphometrics 
reveal complex shape variation patterns at different 
geographic scales in the patagonian gastropod Tro-
phon geversianus. Evolutionary ecology, 35(5–6): 
705–721. DOI:10.1007/s10682-021-10125-w.

Nocella E., Zvonareva S. S., Fassio G., Pica D., Buge 
B., Villa R., Puillandre N., Modica M. V., Oliverio 
M. 2024. Spicy food for the egg-cowries: the evo-
lution of corallivory in the Ovulidae (Gastropoda: 
Cypraeoidea). Frontiers in Marine Science, 10: 
1323156. DOI:10.3389/fmars.2023.1323156

Ortega J. C. G., Figueiredo B. R. S., da Graça W. J., 
Agostinho A. A., Bini L. M. 2020. Negative effect 
of turbidity on prey capture for both visual and non-
visual aquatic predators. Journal of Animal Ecology, 
89: 2427–2439. DOI:10.1111/1365-2656.13329

Palmer A. R. 1979. Fish predation and the evolution 
of gastropod shell sculpture: experimental and 
geographic evidence. Evolution 33: 697–713. DOI: 
10.2307/2407792

Reznick D. N., Travis J. 1996. The empirical study of 
adaptation in natural populations. In: M. Rose R., 
Lauder G.V. (Eds). Adaptation. Academic Press, 
San Diego, USA: 243–289.

Rohlf F. J., Archie J. W. 1984. A comparison of Fourier 
methods for the description of wing shape in mos-
quitoes (Ritera culicidae). Systematic Zoology, 33: 
302–317. DOI:10.2307/2413076 

Rolán E., Guerra‐Varela J., Colson I., Hughes R. N., 
Rolán‐Alvarez E. 2004. Morphological and genetic 
analysis of two sympatric morphs of the dogwhelk 
Nucella lapillus (Gastropoda: Muricidae) from 
Galicia (northwestern Spain). Journal of Mol-
luscan Studies, 70(2): 179–185. DOI:10.1093/
mollus/70.2.179

Rosenberg G. 1992. An introduction to the Ovulidae 



109Shell shape variation of Phenacovolva rosea

(Gastropoda:Cypraeacea). American Conchologist, 
20: 4–7.

Sammarco P. W., Coll J. C. 1992. Chemical adaptations 
in the Octocorallia: evolutionary considerations. 
Marine Ecology Progress Series, 88(1): 93–104.

Sánchez R., Sepúlveda R., Brante A., Cárdenas L. 
2011. Spatial pattern of genetic and morphological 
diversity in the direct developer Acanthina monodon 
(Gastropoda: Mollusca). Marine Ecology Progress 
Series, 434: 121–131. DOI:10.3354/meps09184

Sepúlveda R. D., Ibáñez C. M. 2012. Clinal variation in 
the shell morphology of intertidal snail Acanthina 
monodon in the Southeastern Pacific Ocean. Marine 
Biology Research, 8: 363–372. DOI:10.1080/1745
1000.2011.634813

Sepúlveda R. D., Jara C. G., Gallardo C. S.  2012. 
Morphological analysis of two sympatric ecotypes 
and predator-induced phenotypic plasticity in Acan-
thina monodon (Gastropoda: Muricidae). Journal of 
Molluscan Studies, 78(2): 173–178. DOI:10.1093/
mollus/eyr058

Solas M. R., Sepúlveda R. D., Brante A. 2013. Genetic 
variation of the shell morphology in Acanthina 
monodon (Gastropoda) in habitats with different 
wave exposure conditions. Aquatic Biology, 18: 
253–260. DOI:10.3354/ab00508.

Telesca L., Michalek K., Sanders T., Peck L. S., Thyr-
ring J., Harper E. M. 2018. Blue mussel shell 
shape plasticity and natural environments: a quan-
titative approach. Scientific Reports, 8(1): 2865. 
DOI:10.1038/s41598-018-20122-9

Tollrian R., Harvell C. D. 1999. The Ecology 
and Evolution of Inducible Defenses. Princ-
eton University Press, Princeton, 395 p. 
DOI:10.1515/9780691228198 

Trussell G. C. 2000. Phenotypic clines, plastic-
ity, and morphological trade-offs in an in-
tertidal snail. Evolution, 54(1): 151–166. 
DOI:10.1111/j.0014-3820.2000.tb00016.x

Urabe M. 1998. Contribution of genetic and envi-
ronmental factors to shell shape variation in the 

lotic snail Semisulcospira reiniana (Prosobranchia: 
Pleuroceridae). Journal of Molluscan Studies, 64(3): 
329–343. DOI: 10.1093/mollus/64.3.329

Valladares A., Manríquez G., Suárez-Isla B. A. 2010. 
Shell shape variation in populations of Mytilus 
chilensis (Hupe 1854) from southern Chile: a geo-
metric morphometric approach. Marine biology, 
157: 2731–2738. DOI:10.1007/s00227-010-1532-3

Vermeij G. J. 1978. Biogeography and Adaptation: 
Patterns of Marine Life. Harvard University Press, 
Cambridge, 332 p.

Vo S. T., Ho S. L., Phan K. H., Doan V. T., Dang T. 
T. T., Nguyen V. L., Harrison P. L. 2022. Varied 
spawning patterns of reef corals in Nha Trang Bay, 
Vietnam, western South China Sea. Regional Stud-
ies in Marine Science, 55: 102631. DOI:10.1016/j.
rsma.2022.102631

Vogt G. 2020. Disentangling the environmentally in-
duced and stochastic developmental components 
of phenotypic variation. In: Levine H., Jolly M. 
K., Kulkarni P., Nanjundiah V.  (Eds). Phenotypic 
Switching. Academic Press: 207–251.

Zdelar M. F., Mullin F., Cheung C., Yousif M., Baltaretu 
B., Stone J. R. 2018. Pollution, temperature and 
predator induced responses in phenotypically plastic 
gastropod shell traits. Molluscan Research, 38(1): 
34–40. DOI:10.1080/13235818.2017.1358587

Zvonareva S. S., Mekhova E. S., Hoang D. T., Nguyen 
T. H. T., Vo H. T., Fedosov A. E. 2020. Diversity 
and relationship of shallow-water Ovulidae (Mol-
lusca: Gastropoda) of Vietnam. Archiv fur Mol-
luskenkunde, 149(2): 113–146. DOI:10.1127/arch.
moll/149/113-146

Zvonareva S.S., Mekhova S.E., Zaitsev S.A. 2024. 
Phenotypic plasticity of Phenacovolva rosea results 
in various camouflage efficiencies on different 
coral host species. Marine Biology, 171(4): 1–7. 
DOI:10.1007/s00227-024-04393-7

l


