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I ntroduction

Symbiotic polynoids of the ge-
nus Branchipolynoe associated
with musselsare acommon compo-
nent of hydrothermal vent and col d-
water seep communities. Recent
detailed studies carried out on the
Atlantic scale-worm B. aff. seepensis
Pettibone, 1986 (Jollivet et al 2000)
revealed some interesting features
of itsreproductivebiology: external
sexual dimorphism, internal fertili-
sation and dominance of femalesin
the population. Nevertheless, the
roleof symbiotic polychaetes inthe
communitiesandtheir relationships
with their hosts remain virtually
unknown. Infact, the association of
thedifferent speciesof Branchipol-
ynoewiththeir host mytilidsBathy-
modiolus spp. has been usually re-
garded as commensalism  (Petti-
bone,1986; Chevaldonneetal ., 1998).
However thefinding of bitsof mus-
sel gillsinthegut of B. symmyitilida
from the Galapagos Rift (Desbru-
yeres et al., 1985) pointed to a par-
asitic behaviour.

The present paper reports pre-

liminary results based on material
collected mainly during the last
cruise of the R/V Akademik Mstis-
lavKeldysh (2002) at the hydrother-
mal vent fields along the MAR and
complimentary data of previous
French and Russian expeditions
which allowed to better understand
the true nature of the relationships
between the Atlantic scaleworm B.
aff. seepensiswiththeir mytilid hosts
Bathymodiolus puteoser pentis and
B. azoricus.

Material and methods
Thebivalveswerecollected from
hydrothermal vent fields along the
MAR. At the Logachev, Snake Pit,
Lucky Strike, and Rainbow ventfields
mussel swere sampled durig expedi-
tions of the Russian R/V Akademik
MstislavKeldysh (1998, 1999, 2002).
Inaddition, material obtainedin ex-
peditions of the French R/VV Nadir
(1993, 1995, and 1997) at SnakePit,
Lucky Strike and Menez Gwenwas
also used. At present two species of
mytilids are known from the MAR:
Bathymodiolus puteoserpentis

Host Locality Prevalence (n) Abundance (Intensity)
. . Logatchev, 1998 7.2% (180) 0.07 (0-1)
Bathymodiolus puteoserpentis Snake Pit, 2002 23.3% (120) 0.275 (0-4)
Rainbow, 1999 65.0 % (20) 0.70 (0-2)
Rainbow, 2002 60.8% (51) 0.80 (0-2)
Bathymodiolus azoricus Lucky Strike, Statue de la 76.5 % (34 g
Liberte, 1993 034 0.73 (0D
Lucky Strike, Elisabeth, 1995 54.8% (445) 0.47 (0-3)
Lucky Strike, 2002 71.5% (130) 0.80 (0-6)

Table 1. Characteristics of theinfestation by Branchipolynoe seepensisof the
two hydrothermal mytilid hosts Bathymodiolus puteoserpentis and

Bathymodiolus azoricus.

occurs at the Logachev, Snake Pit
and Broken Spur and B. azoricus at
Lucky Strike, Rainbow and Menez
Gwen. In total 300 specimens of
Bathymodiolus puteoser pentis and
680 specimens of Bathymodiolus
azoricus were examined. In the
former 41 andinthelatter 400 spec-
imensof Branchipolynoeaff. seep-
ensiswere found.

Firstly, the length, width and
height weremeasured for each mus-
sel. Then the shell was opened, the
number and location of symbiotic
polychaeteswererecorded, the poly-
chaeteswere measured and modifi-
cations in the morphology of soft
tissues of the host were quantified
and analysed.

Gut content was analysed in 13
symbiontsassociated with B. azori-
cus and 9 symbionts associated
with B. puteoserpentis. To analyse
the gut content, polychaets were
dissected along the dorsal side.

All statistical analyseswerecar-
ried out using the SY STAT 5 (vers.
5.2.1) statistical package.

Results
Characteristics of infestation
Infestation varied from 7.2% to
90.5% andwassignificantly lower (p
<0.02) for the host B. puteoser pen-
tis (Table 1). Abundance was also
highly variable, ranging from0.07 to
0.8 symbionts per host, and signifi-
cantly lower (p <0.007) for the host
B. puteoserpentis(Tablel). Infesta-
tionincreased withincreasing mus-
sel size (Fig. 1). In the case of B.
azoricus, this trend was recorded
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Figure 1. Relationships between prevalence and host size. Bathymodiolus
azoricusfromLucky Strike: (A) 1995; (B) 2002; B. puteoser pentisfrom Snake
Pit, 2002; (C) Figureson thetop of barsindicate the number of mussels.

only for musselswiththeshell length
lessthan40mm (Fig. 1A, B). Infest-
ed host can harbour from 1 to 6
worms (Table 1), in most cases one
molluscharboured only 1 polychaete.

Location of symbionts

The polychaetes were most fre-
quently located inthe mantle cavity
of the molluscs between the mantle
wall and the external demibranchs,
while the positions between the in-
ternal and external demibranchsand
betweentheinternal demibranchand
thefoot werelessfrequent (Fig. 2A).
Theprostomiums(Fig. 2B) wasmost-
ly directed towardsthe siphon open-
ing, but the orientation towards the
host palpswasal sofrequent. Orien-
tations towards the body centre or

the outer edge of the valves were
remarkably lessfrequent.

Symbiont’s gut content

Six from the 13 studied guts of
the symbionts of B. azoricus con-
tained food remains. The guts were
filled with detritusand asuspension
of inorganic particles, including the
peculiar ochroid particles, whichare
found on the host shell surface. In
addition, four specimens contained
polychaete chaetae belonging tothe
samespecies. Singlefindingsof crus-
tacean chaetae, diatom theca and
fragmentsof apel agic predator cope-
pod of the family Oncaeidae were
also observed.

Among nine guts of symbionts
associated with B. puteoserpentis,

four contained identifiable food re-
mains. Detritus and suspended in-
organic particles were found in 3
worms, whileochroid particles, dia-
tom theca and fragments of a non-
identified crustacean occurred in 1
worm.

Analysis of traumatism in the host
Bathymodiolus

The traumas observed in mus-
sels included shortenings of some
ctenidial filamentsand deformation
of labial palps and feet (Fig. 3).
Among the different samples, the
number of mussels with traumas
varied from 59.1% to 72.2%. The
number of traumaswassignificantly
higher in infested (n=204) than in
non-infested molluscs (n=248,
ANOVA, p<0.001). Amongthein-
fested hosts, traumas of palps were
most frequent, followed by those of
ctenidia, whichwereusually located
in the anterior parts of the demi-
branches (Fig. 3). The hosts har-
bouring femal e symbiontsshowed a
higher number of traumas, particu-
larly on palps.

The symbionts were frequently
found inside tunnel-like structures
formed by gill filaments between
demibranches. Sometimes, an epi-
thelial ridge (or call osity) outlining
the polychaete body is developed
onthemantlewall. Thesestructures
were present sometimes in non-in-
fested mussels.

Shell length-width ratio in infested
and non-infested hosts

To determinethe possibleinflu-
ence of symbionts on the host shell
morphology we compared the shell
length-width ratio of infested and
non-infested mussels. The cross
correlation analysis demonstrated
the existenceof asignificant associ-
ation between the two patterns in
the case of B. azoricus. In this spe-
cies, themaximal Pearson’ scorrela-
tionindex had apositionlagof 0.012
in width-length ratio (correlation =
0.974, p<0.001), indicating that the
infested shellswererelatively wider
than the non-infested ones (Fig. 4).
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Figure2. L ocation of thesymbiontsinsidethehost Bathymodiolusazoricus. (A)
Relative to the ctenidiaand foot: between the mantle wall and the external
demibranch (a), between the internal and external demibranch (b) and
between the internal demibranch and the foot (c). (B) Orientation of the
prostomium: towardsthehost pal ps(d), towardstheouter edgeof thevalves
(e), towardsthebody centre (), towards siphon opening (g). Thefigures of
percentages on the circled diagramsindicate the frequency of associations
with given location of worms. Do - demibranch, Fo—foot of mussel.

Figure 3. Light micrograph of traumas observed in Bathymodiolus azoricus.
Anterior pair of palpsisintact (white arrow); posterior pal ps are shortened
and have bulbous thickenings, and also ctenidial filaments are shortened

(black arrows).

Discussion

Infestation of mussels by B. aff
seepensis varies substantially be-
tween different hydrothermal fields
and sites, depending on the host

speciesand size. Althoughtwo parts
of a mussel population separated
only by afew metersfrom each other
may show different infestation lev-
els, some general trends may bein-
ferred. Theinfestation by B. aff seep-

ensisishigherinlarger thaninsmall-
er hosts, asiscommon among other
symbiotic polychaetes . Converse-
ly, it already occursamongthesmall-
est mussel size classes. This is a
very raretrend for asymbiotic asso-
ciation and may be related to the
suggested continuous reproduction
and settlement of the symbionts(Jol-
livetetal., 2000). Ontheother hand,
infestation of Bathymodiolus azo-
ricusissignificantly higher thanin
B. puteoser pentis. Accordingto our
data, thistrendismorelikely related
to environmental differences of lo-
calities of both species rather than
tothepeculiaritiesof host’ shiology.

The specimens of Branchipoly-
noe, like most symbiotic scale-
worms, are able to move inside the
mantle cavity of their host, asit may
beinferred fromthedifferent adopt-
ed positions. However, they usually
remainimmobilefor alongtime, as
indicated by the presence of epithe-
lial ridgesonthemolluscmantlewalls
along the polychaete body and tube-
like structures formed by the host
gill filaments. The location of the
symbiont inside the mantle cavity
can be particularly related to the
peculiaritiesof their feeding behav-
iour. Thetwo predominant head ori-
entations, head-to-siphon and head-
to-mouth, suggests that symbionts
may consume filtered and aggluti-
nated suspension particles, trans-
ported with the water flow to the
host mouth, or suspended organic
particles transported to the siphon
opening. This is supported by the
presence of detritus and suspended
inorganic particles, including the
ochroid onesthat are often found on
the shell surface, inside the poly-
chaeteintestine. The single finding
of a planktonic copepod of family
Oncaeidae also supports this sug-
gestion. Similar behaviour (i.e. klep-
toparasitism) istypical for someoth-
er symbiotic animals, such as the
polychaete Branchiosyllis exilis,
associated withthebrittle star Ophi-
ocoma echinata (Hendler & Meyer,
1982), or the nemertine Malacob-
della grossa, associated with bi-
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valves(Gibson, 1967).

The only previous report on
trophic preferences of Branchipol-
ynoe showed the presence of pseu-
dofaeces and bits of mussel demi-
branchesin the gut of B. symmitili-
dae (Desbruyeéres et al., 1985). We
did not find traces of host tissues or
pseudofaeces in the gut of B. aff.
seepensis, which may probably re-
sult from the different food prefer-
ences in this species. However, it
seems clear that the symbionts are
theresponsiblefor the traumatisms
on host palps and ctenidia, with the
relationship between the level of
damage and the presence of symbi-
onts being indirect evidence. Ac-
cording to our data, the host trau-
mas seem to be an accidental result
of “normal” symbiont feeding activ-
ities, so that their behaviour may be
more reliably considered as klep-
toparasitic (stealing food from a
host) than astrue parasitic (feeding
on the host) or commensal (sharing
food with a host).

Additional information on the
nature of a symbiotic association
may beinferredfromtheinfluenceof
the symbiont on the host metabo-
lism or growth. In the case of bi-
valves, decreasing growth ratesmay
lead to changesin shell shape, which
tendtobecomerelatively wider. The

studied populations of B. azoricus
show arelativeincreaseof shell width
ininfested musselswhen compared
to non-infested. Assuming that
these shell modificationsare caused
by the inhibition of shell growth in
infested hosts, this strongly sup-
portsthat the behaviour of the sym-
biontsiscloser to parasitismthanto
commensalism.

In summary, our data pointe out
that the symbiosis between Bran-
chipolynoe aff. seepensis and its
host mitylids is exceptional in that
theassociation startsfromthesmall-
est mussel size classesand inthat it
can be demonstrated that the pres-
ence of the symbiont hasanegative
influence on the host growth (and,
thus, on its productivity). Taking
into account that the species of
Bathymodiolus, B. azoricus and B.
puteoser pentis, are among the most
abundant inhabitants of Mid Atlan-
tic hydrothermal ventsand the high
prevalence of the infestation by
Branchipolynoe, therole of thesym-
biotic polychaetes in the function-
ing of the hydrothermal vent com-
munity appears to be substantially
more relevant than previously
thought.
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