Ruthenica, 2020, vol. 30, No. 4: 195-202.
Published online October 1, 2020.

© Ruthenica, 2020
http: ruthenica.net

Trophic interactions between gall-forming molluscs Stilifer spp.
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ABSTRACT. The trophic relationships between two species of symbiotic gall-forming molluscs from the
genus Stilifer (family Eulimidae) and two of their hosts-asteroid species, Linckia laevigata and Culcita
noveaguineae, were investigated using the stable isotope analysis of carbon and nitrogen. The aim of
present study was to identify the most preferable host tissue in the symbionts’ diet. We analyzed 3'*N and
&"3C values in tube-feet, gonads and digestive glands of the hosts-starfishes and in muscles of the molluscs.
Both symbiont species did not differ to each other both in 3N and 6'*C values. The average 3'°N and §'*C
values of Stilifer variabilis were significantly different from the digestive glands and gonads of their host
Culcita novaeguineae and did not show differences from the tube-feet of starfishes. A similar pattern was
found in the symbiotic association of Stilifer utinomi and Linckia laevigata. The tube-feet of analyzed
starfishes had significantly higher average 8'°N and 6'*C values than the digestive glands and gonads.
Obtained isotopic signatures indicate that symbionts do not feed on the host’s tissues, but take nutrients
from their digestive system. It seems that the proboscis of Stilifer spp. absorbs the nutrients from the

digestive system of the host-starfish thereby not disturbing significantly the host’s immune system.
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PE3IOME. B nannoii paboTe paccMOTpeHbI Tpodudec-
K{€ OTHOIICHHS] MEXIY ABYMsI BUJAMU CUMOHOTHYEC-
KHX TaJi1000pa3yroImX MOJLTFOCKOB U3 poxa Stilifer (ce-
meiictBo Eulimidae) 1 mx xo3sieBaMu — MOPCKHMH 3B€3-
nmamu, Linckia laevigata m Culcita novaeguineae, ¢
UCIIOB30BAaHNEM METO/1a aHaJIM3a CTAOMIIBHBIX H30TO-
TIOB yIiepo/a 1 a3oTa. L{enpro HacTosIIero uccnenosa-
HUS OBUTO OTpe/iesIeHNe HaubosIee MPeIoYTHTEbHOM
TKaHHM XO3s5IMHA B IMUIIIEBOM PAIIOHE MOJITIOCKOB-CHM-
6uonToB. [Ipoananusuposansl 3Ha4eHUs °N u 6'°C B
aMOyJTaKpaJbHbIX HOXKKAX, TOHAIaX ¥ MUILECBAPUTEb-
HBIX JKeJIe3aX X0351eB-MOPCKHUX 3BE3]1, 4 TAKKE B MBIIILIAX
MonTIOcKOoB. O0a Bria CHMOMOHTOB HE OTIIYAJIACh JPYT
OT JIpyra, Kak Mo a3oTy, Tak ¥ 1o yrepoxay. Cpeanue
3nayeHust 8N u 6"3C B TKaHsX MOJUTIOCKOB Stilifer
variabilis TOCTOBEPHO OTIINYAIKCH OT 3HAYCHUI MTHUIIIC-
BapUTENBHBIX JKele3 W roHan ux xossuHa Culcita
novaeguineae W He OTIMYAINCH OT aMOyJaKpaJIbHBIX
HOKEK MOPCKHX 3Be3]l. AHAJIOTHYHAs KapTHHA ObLIa

BBISIBJICHA B CHMOHOTHYECKO# ACCOIMAIMH MEX Ty MOJI-
mockamu Stilifer utinomi 1 MOPCKUMH 3Be3JaMH
Linckia laevigata. AMOynakpaiabHbIe HOXKKH HCCIIEITY-
©MBIX MOPCKHUX 3B€3J1 UMEIH IOCTOBEPHO 00Jiee BBICO-
kue cpenuune 3HaueHus 6N u 61°C, uem nmmeBapu-
TeNbHBIE JkeJe3bl M roHanbl. [lorydeHHbIe pe3ynbTaThl
MO3BOJISIFOT TOBOPHTH, CHMOHOHTBI [TUTAIOTCSI HE TKAHS-
MH XO351Ha, @ KOMITOHEHTaMH THIIH X0351Ha. Beposit-
HO, YTO X000T IpeicTaBuTeNel pona Stilifer BcacbiBaeT
MUTaTENIbHBIC BEIECTBA U3 IHIICBAPUTEIBLHOM CHCTe-
MBI MOPCKOH 3BE3/1bI-X0351Ha, TEM CaMbIM HE CHJIBHO
pazapaskasg UMMYHHYIO CHCTEMY XO3sIMHA.

Introduction

Trophic relations between parasites and their
hosts are very diverse. In trophic aspect they range
from kleptoparasitism, when the symbionts do not
feed on their host’s tissues, to extremely narrow
cases of parasitism, when the parasites feed on
specific host’s tissue. Identifying these relation-
ships is crucial for understanding the functioning of
the symbiotic community and ecosystem as a whole
[Lafferty et al., 2008]. For a long time, parasites
were ignored in the trophic webs studies. Parasites
play an important role in benthic communities, but
cryptic nature of parasitic relationships requires
labor intensive methods to study them.
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FIG. 1. Schematic map of sampling sites.

PUC. 1. Kapra-cxema pacnoioxeHus Touek oToopa npoo.

Gastropods from the family Eulimidae are spe-
cialized parasites of echinoderms, although the level
of specialization varies from strictly species-specif-
ic to species with a wide range of hosts [Warén,
1983]. Some details of the symbiont-host relation-
ships are known for a small number of species [e.g.
Crossland et al., 1991, 1993; Dgebuadze, Kantor,
2015; Queiroz et al., 2017]. There are a few papers
with the description of eulimids snout morphology,
where the sources of their diet are suggested. For
example, the proboscis of Crinophtheiros comatuli-
cola (Graff, 1875) reaches the coelomic canal of
the arm of its host, feather star, and the symbiont
absorbs the coelomic fluid [Bacci, 1948]. Melanel-
la alba (da Costa, 1778), a temporary ectoparasite
of holothurians, drills the wall of the host with its
proboscis that secretes a substance which is proba-
bly used to quickly relax the host’s tissues [Cabioch
et al., 1978]. Feeding on the host’s body fluids was
also shown for Ophieulima minima (Dall, 1927)
and Peasistilifer edulis Hoskin, Warén, 1983, and
was well studied for Thyca crystallina (Gould, 1846)
[Warén, Sibuet, 1981; Hoskin, Warén, 1983; Egloff
et al., 1988]. Since the females of the latter ec-
toparasitic species are tightly attached to the bodies
of their hosts, they lost some anterior parts of the
body. Their digestive system is substantially re-
duced, and the salivary glands are enlarged, so
these molluscs can only assimilate food that does
not require complex digestion. The degree of pene-
tration of Th. crystallina proboscis into its host
allows suggesting that its main sources of food are
the hemal and perihemal systems of the host, as
well as the surrounding fluids and tissues [Egloff et
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al., 1988]. The representatives of the genus Stilifer
have an elongated proboscis that can be introduced
deep into the body or rays of the starfishes. Since
these eulimids form galls in body wall of their hosts,
the movement of their proboscis is seriously limited
as it passes through the host’s tissues, including
their body wall. Most eulimids have no radula and
feed on liquid or semi-dissolved food, which makes
it impossible to analyze the composition of the food
lump [Liitzen, 1972].

Stable isotope analysis (SIA) of carbon and
nitrogen has been successfully used to study the
trophic relationships for decades [Fry, 2006]. This
method can help to overcome some difficulties and
understand trophic dynamics between the symbi-
onts and their hosts. The isotopes values differ
between organisms due to their diets because of
small selective retention of the heaviest isotope and
excretion of the lighter one. Typically, with each
trophic transfer between a consumer and its diet,
8N values increase by approximately 3-5%o [De-
Niro, Epstein, 1981; Minigawa, Wada, 1984]. On
the other hand, an animal has 8"3C values close to
that of its diet with, however, a slight enrichment of
1%o [DeNiro, Epstein, 1978; Tieszen et al., 1983;
Hobson, Clark, 1992].

SIA nowadays allows us to study trophic rela-
tionships in different ecosystems, and find some
peculiarities, especially in parasitic communities
[Deudero et al., 2002; Dubois et al., 2009]. For
example, some authors proposed that the isotope
signatures of intestinal parasites (helminths) coin-
cide or are close to the signatures of their hosts
[Neilson et al., 2005; Navarro et al., 2014; Lafferty
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FIG. 2. Gall-forming eulimids and their hosts: A, C. Stilifer utinomi in the ray of a starfish Linckia laevigata; B, D. Stilifer

variabilis in the gall on a starfish Culcita novaeguineae.

PUC. 2. l'annoobpasyromue symuMuIsl 1 uxX xo3siea: A, C. Stilifer utinomi B myde Mopckoii 3Be3qibl Linckia laevigata; B, D.
Stilifer variabilis B ranne B Texe MopcKoii 3Be3nbl Culcita novaeguineae.

et al., 2008]. For digenean trematodes from marine
molluscs no fractionation or low 15N trophic en-
richments due to parasite metabolism were detected
[Dubois et al., 2009]. Parmentier and Das [2004]
used the SIA to study the relationships between the
Carapidae fishes and their hosts and showed differ-
ences in feeding behavior (commensal and parasi-
tic) of these symbionts. So, this method seems
appropriate for symbiotic communities, where it is
difficult to determine the source of symbionts’ diet
due to their small sizes, and the food does not
contain any solid elements.

The aim of this study is to reveal trophic interac-
tions between the gall-forming eulimids and their
hosts — echinoderms. We suppose that these symbio-
tic gastropods feed on their host and can choose the
most preferable tissue.

Materials and methods

Sample processing. The material for the study
was collected by SCUBA divers from a depth of 3

to 10 meters in the Nha Trang Bay (South China
Sea, central Vietnam) in 2015. Sampling sites are
indicated in Fig. 1. All samples were fixed with 80%
ethanol. This method of preservation is acceptable
since the task of this study is to compare the tissues
of symbionts and their hosts [Kaehler, Pakhomov,
2001; Carabel et al., 2009]. Some authors noted
that the relative trends in fixed samples should be
unaffected and thereby they can be used for inter-
comparison in some ecological analyses [Canuel et
al., 1995; Gladyshev, 2009].

Two obligate parasitic species of gall-forming
eulimids from the genus Stilifer associated with
starfishes were studied (Fig. 2); S. utinomi Habe,
1951 inhabits blue starfishes Linckia laevigata (Lin-
naeus, 1758) and S. variabilis O. Boettger, 1893
forms galls in the cushion starfish Culcita no-
vaeguineae Miiller et Troschel, 1842. Totally five
specimens of S. variabilis from five host speci-
mens and seven of S. utinomi from three host
specimens were collected. All molluscs were col-
lected with their hosts. Foot muscles were taken



198 E.S. Mekhova, P.Yu. Dgebuadze

from the molluscs for the analysis [Fedosov et al.,
2014; McKinney et al., 1999]. Different starfishes’
tissues (tube-feet, digestive gland and gonads) were
dissected and fixed separately. Each tissue was
selected and analyzed in five samples.

Isotopic analysis. Prior to the analysis, all sam-
ples were dried for 5-7 days at 50°C, grounded into
powder using a mortar and pestle and packed in tin
foil (200-500 micrograms each). The SIA was car-
ried out using Thermo Delta V Plus isotope mass
spectrometer and Thermo Flash 1112 element ana-
lyzer (Thermo Scientific, USA) at the Joint Usage
Center “Instrumental Methods in Ecology” at the
A.N. Severtsov Institute of Ecology and Evolution
of RAS.

The ratio of stable isotopes ('*C/'2C and *N/"N)
is presented in per mill units (5, %o) of deviation
from international standards (VPDB for 8*C and
atmospheric N2 for 8'°N). The analytical error in
determining the isotope composition (SD in the
laboratory standard analysis, n = 6-8) did not ex-
ceed 0.2%0. To represent the results, mean values
of 83C and 8N =+ 1 standard deviation are report-
ed. The 8"3C values have been corrected for lipid
concentration using equation proposed by Post et
al. [2007] for samples with mass C/N ratio higher
than 4.

Statistical analysis. Kolmogorov-Smirnov one-
sample test was used to test the normality of the
data. One-way ANOVA followed by post hoc multi-
ple comparison tests (Tukey HSD post hoc test)
were used to compare the data on the different
hosts tissues and symbionts. All statistical analyses
were performed with STATISTICA 9.0 (StatSoft,
Inc., Tulsa, OK, USA).

Results

Using one-way ANOVA, we found significant
differences between echinoderm and symbionts tis-
sues both in 6"*C (F (3, 33) = 17.629, p<0.05) and
in 8N (F (7, 33) = 18.141, p<0.053).

S. utinomi and S. variabilis muscles had similar
mean 8N values, 9.24+0.4%o, Tukey HSD test with
d.f. =33, p>0.05 (Fig. 3) The average 5"3C value of
S. utinomi, -14.1+£0.2%o, tended to be lower, than
that of S. variabilis, -14.5+0.5%o, but the differen-
ce was statistically insignificant, p>0.05. The mean
SN value of S. variabilis muscles is significantly
different from the digestive glands and gonads of
their host C. novaeguineae: 9.2+0.4%o, 7.6+0.5%0
and 7.9+0.4%o, respectively, p<0.01. Similarly, the
mean 8"°C value of S. variabilis, -14.5+1.1%o, was
higher than that of the digestive glands and gonads
of C. novaeguineae, -18.3+1.5%0 and -17.041.3%o,
respectively. These differences were statistically
significant, p<0.01. The mean "N value of S. va-
riabilis was not significantly different from that of

the tube-feet of C. novaeguineae, 9.8+0.9%o, p>0.05;
as were the average 8"C values (-14.7£0.9%o,
p>0.05).

The mean 8'°N value of S. utinomi muscles was
significantly different from the digestive glands and
gonads of their host L. laevigata: 9.2+0.4%,
7.4+0.2%o and 8.1+0.3%o, respectively, p<0.01. Si-
milarly, the mean 8"°C value of S. utinomi, -14.1+
0.6%o, was higher than that of the digestive glands
and gonad of L. laevigata, -18.5+0.7%o and -17.4+
0.8%o, respectively. These differences were statisti-
cally significant, p<0.01. The mean 8'°N value of S.
utinomi muscles was not significantly different from
that of the tube-feet of L. laevigata, 9.1+0.9%o,
p>0.05; as were the mean 8"3C values (-15.5+0.2%o,
p>0.05).The tube-feet of C. novaeguineae had sig-
nificantly higher mean 8N value than the gonads
and digestive glands of this species, 9.8+0.9%o,
7.940.4%o0 and 7.6+0.5%eo, respectively, p<0.01. The
same differences were found for mean 6"C: the
tube-feet of C. novaeguineae had significantly higher
mean 6"°C value than the gonads and digestive
glands of this species: -14.8+0.9%o, -17.0£1.3%0
and -18.3+1.5%o, respectively, p<0.01. The tube-
feet of L. laevigata had significantly higher mean
8N value than the digestive glands of this species,
9.0£0.3%o and 7.4+0.2%e., respectively, p<0.01. The
average 8°C of tube-feet of L. laevigata was
significantly higher than that of the digestive
glands: -15.540.8%o and -18.5+0.7%o, respectively,
p<0.01. Between the tube-feet of both echinoderm
species the differences were insignificant in both
the 3'5N values, p>0.05, and the 6'*C values, p>0.05.

Discussion

As expected, the starfishes’ tissues differ in
heavy nitrogen isotope enrichment within a species.
The nitrogen variances in the different tissues were
shown for some organisms and sometimes such
differences can reach up to 4% (as for 6'3C — up to
2%0) [Deudero et al., 2002]. Parmentier and Das
have previously shown such differences of 6'°N for
C. novaeguineae tissues [Parmentier, Das, 2004].
Indeed, it is known that nitrogen trophic enrich-
ment is the result of transamination and the loss of
“light” 1*N excretory products [Macko et al., 1986].
In addition, gonads have more fatty tissue and are
low in carbon heavy isotopes saturation [DeNiro,
Epstein, 1978; McConnaughey, McRoy, 1979; Post
et al., 2007]. The tube-feet are therefore the most
indicative of a starfish’s diet in comparison to other
analyzed organs.

The lack of significant differences in both §"*C
and 6'°N values indicates the similarity of feeding
preferences between both species of starfishes in
our study. The cushion starfish C. novaeguineae
primarily prefers corals, but also feeds on algae and
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FIG. 3. The average 6'°C and 3'"N values and standard deviations of the muscle tissues of the gall-forming species Stilifer
variabilis and Silifer utinomi and organs of their hosts Culcita novaeguineae and Linckia laevigata collected in 2015 in the

Nha Trang Bay, Vietnam.

PUC. 3. Cpennue 3nauenust 6°C u 6'°N u cranmapTHbIE OTKJIIOHEHHUs B MBIIIEYHBIX TKAHAX Tajuioo0pasyromux BunoB Stilifer
variabilis u Silifer utinomi, a Taxxe opranax ux xossieB Culcita novaeguineae u Linckia laevigata, cobpannsie B 2015 roxy B

3anuBe Hauanr, BeeTHam.

coral rubble [Bell, 2008]. Another analyzed species
L. laevigata mainly feeds on coralline algae and
detritus [Coleman, 2007; Laxton, 1974]. So, our
result may demonstrate on the seasons or local
conditions of the bay.

The ratio of '’N/"N can indicate an organism’s
trophic position, but this may not work well for
parasites. Although predators are always !*N-en-
riched in comparison to their prey, parasites are
sometimes '"N-depleted when compared with their
hosts, as a whole [Pinnegar et al., 2001]. Other
parasites have a similar enrichment comparing to
their hosts, whereas a few parasites are more en-
riched than expected for a direct consumer
[O’Grady, Dearing, 2006]. The level of enrichment
can even vary between parasite taxa within the
hosts. For example, intestinal nematodes parasitiz-
ing rabbits are 8'*°N-enriched whereas intestinal ces-
todes in the same host species are §'°N-depleted
[Boag et al., 1998; Neilson et al., 2005]. Further

complicating matters, different parasite species on
the same host or the same parasite species on
different hosts can differ in their isotope enrich-
ment [Deudero et al., 2002]. This difference in
SN between predators and parasites likely stems
from the fact that parasites are relatively selective in
which parts of the host they consume. For in-
stance, some parasites may feed on the intestinal
contents rather than on the host tissue; others se-
lectively absorb particular biochemical compounds
such as amino acids, live in and feed on different
host tissues, or have altered metabolism that varies
with life stage [Pinnegar et al., 2001; Deudero et
al., 2002]. For these reasons, a topological assess-
ment seems to be the best approach for determining
the trophic differences between parasites and their
hosts [Lafferty et al., 2008].

The obtained data indicates that molluscs tissues
are more enriched in heavy nitrogen isotope rela-
tively to the digestive glands and gonads of their
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hosts. However, the difference between them was
less than 3.4%o., that was also previously shown for
other ectoparasites. For example, Pinneagar and
co-authors [2001] noted that the blood eating iso-
pod Anilocra physodes (Linnaeus, 1758) and larvae
of the copepod Lernaeocera branchialis (Linnaeus,
1767) did not differ significantly in 8N with re-
spect to their hosts: bogue Boops boops (Linnaeus,
1758) and flounder Platichthys flesus (Linnaeus,
1758). Our data partially correlates with the data on
other symbionts of echinoderms: for some carapid
species [Carapus boraborensis (Kaup, 1856) and
Encheliophis homei (Richardson, 1846)] the *N-
enrichment was shown compared to different tis-
sues (digestive tract, gonads, digestive glands and
tube-feet of starfishes) of their hosts holothurians
and starfishes. These symbionts use their host as a
shelter and leave it to feed in the environment
[Parmentier, Das, 2004]. As with nitrogen isotopes,
symbiotic gastropods tissues were consistently en-
riched in 3C in respect to digestive gland and go-
nads of their hosts (Fig. 3). This disagrees with the
enrichment pattern “3'3C < 1%o conventionally as-
sumed between consumers and their diets. Mean-
while, the 6"*C values of symbionts tissues and their
hosts are almost the same and it demonstrates the
absence of differences between host tube-feet and
symbionts muscles. All obtained results for both
8BC and 4'°N allow us to conclude that these gall-
forming molluscs feed on what the starfish itself
consume and then accumulate in its tube-feet. In
that case, symbionts obtain the necessary nutrients
of the host from the coelomic cavity without pene-
trating specific organs and thus causing no fatal
damage to their hosts.

But, last year Thieltges and co-authors made an
extensive comparative analysis of different host-
parasite systems using SIA and showed that the
traditional isotope framework does not apply well to
parasitic trophic relations. They concluded, that
“the average discrimination factors observed in pred-
ator—prey and herbivore—plant trophic interactions
(A N of 3.4%o and A 13C of 1.0%0) do not hold true
as a general indicator for trophic relationships be-
tween parasites and their hosts” [Thieltges et al.,
2019: 1335]. Authors suggested that one of the
reasons of this situation may be the different meta-
bolic pathways of parasites, especially endobionts.

The morphological features suggest that gall-
forming molluscs feed on the host tissues. For
example, it was described that the representatives
of the genus Stilifer have an elongated proboscis
that is introduced deeply into the body or rays of the
starfish [Liitzen, 1972]. However, most research-
ers did not analyze the method of feeding and the
type of absorbed food. In one study of gall-forming
species Paramegadenus arrhynchus (Ivanov, 1937),

it was concluded, based on the structure of the
digestive system, that the powerful development of
the pharynx’s radial muscles, as well as the reduc-
tion of the stomach, involves feeding only on gut
contents of the host [Ivanov, 1952]. In addition,
Queiroz et al. [2017] studied the lifecycle of gall-
forming eulimid Sabinella troglodytes (Thiele, 1925)
from sea urchins and additionally observed the feed-
ing mechanisms. They described the feeding pro-
cess of symbionts on their hosts’ spines using an
acrembolic proboscis to erode and suck the calcar-
eous matrix to access the scarce spine tissue. It
seems amazing why these molluscs do not pene-
trate the test of sea urchins but make galls and feed
on their spines. The morphology and the lifestyle of
representatives from the genus Stilifer suggest that
the mollusc is closely connected with one starfish
all its life. Probably, the symbiont proboscis is
seriously limited in its movements as it passes
through the host’s tissues, including the host’s body
wall [Liitzen, 1972]. Hence, such eulimids cannot
change the source of food.

Thus, in our study of gall-forming eulimids diet,
we conclude that the most feasible food source for
Stilifer spp. is “a stealing” of nutrients from the
celomic cavity of the starfishes, without irritating
the host’s immune system. Since we do not know
the peculiarities of the symbionts’ metabolism, our
results should be considered preliminary. Further
studies are needed to confirm these assumptions,
including the investigations of the molluscs’ mor-

phology.
Conclusions

SIA is a useful tool to characterize the trophic
status in symbiotic associations but should be inter-
preted with caution. Our results confirm the para-
sitic feeding of gall-forming eulimids, and the most
likely source is the coelomic fluid. It is proved by
morphological data, but physiological features of
parasites should be further considered, for example
selective assimilation by parasites of certain com-
pounds from the food.
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