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From the Early Maastrichtian white chalk of Rügen Island (N Germany), a specimen of the echinoid Echinocorys ovata
featuring 27 boring traces of the ichnogenus Caulostrepsis is described. Individual traces are shallow to moderately deep
U−shaped depressions and show distinct regeneration textures evidencing a syn−vivo infestation. All traces are located on
the plastron between the peristome and periproct of the host echinoid, indicating an adaptation of the trace maker by
choosing the most advantageous position of the specific host. The traces are attributed to the work of boring spionid poly−
chaetes (Polydora complex), grounded on the close morphological resemblance with initial borings of Recent polydorids.
This is the first evidence for a possible association of a boring polychaete not only with an echinoid but with an
echinoderm in general. The symbiotic relationship was commensalistic in nature with the spionid probably taking advan−
tage of organic matter resuspended by the echinoids locomotion and feeding activity and benefiting from effective shel−
ter. For the host echinoid, the association was moderately harmful. The soft bottom environment of the chalk sea provided
very limited hard substrate ecospace for settlers and bioeroders, available only in form of biogenic structures. Echino−
corys was a dominant component of this benthic community and can be considered as a suitable host for symbiotic inter−
actions because of its size and assumed longevity.
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Introduction

Polychaetes range among the most abundant and diverse ma−
rine metazoans in Recent benthic communities. Although
most of them are free living, many set up symbiotic (sensu
mutualism + commensalism + parasitism) associations with
other invertebrates. For instance, commensal polychaetes are
known from associations with more than 500 different
host species (Martin and Britayev 1998). Echinoderms are
amongst the preferred hosts ( more than 200 associations), be−
cause they provide effective protection for the polychaete.
Surprisingly, none of the known polychaetes infesting echino−
derms belong to the widespread group of boring spionids
(Polydora complex in the family Spionidae) whose fossil and
Recent borings are ubiquitous in calcareous and other hard
substrates (e.g., Blake and Evans 1973; Bromley and D’Ales−
sandro 1983; Sato−Okoshi 1999). Among the spionids, 35 spe−
cies are known to have symbiotic relationships with inverte−
brate taxa (molluscs, sponges, cirripeds, and bryozoans). Ow−
ing to the shell damage they cause in commercial bivalve
aquacultures, they are often regarded as parasites although
they do not directly utilize host resources and should thus

better be considered as commensals (Martin and Britayev
1998). In the following account, fossil evidence for the first
occurrence of a syn−vivo relationship between a polychaete
and an echinoderm is described with the example of polydorid
spionid borings—known as ichnotaxon Caulostrepsis Clarke,
1908—on the basal side of a Late Cretaceous echinoid.

The holasteroid echinoid Echinocorys is a prime candi−
date for studying symbiotic relationships in the fossil record.
This deposit feeder was the dominant macrobenthic taxon in
the chalk sea ecosystem for more than 30 million years, be−
fore its Mid−Palaeocene extinction. Its relatively large size
and longevity promoted an encounter with parasites or com−
mensals. Moreover, recognition of symbiotic associations in
fossil echinoids is favoured by the nature of the echinoderm
skeleton which is covered by an epithelium and thus enabling
it to react directly (by overgrowth, embedment or regenera−
tion) to lesions caused by parasite attacks or commensal at−
tachment. Finally, the excellent preservation in the chalk and
its excessive availability in many collections makes Echino−
corys an excellent target for studying fossil biotic interac−
tions (e.g., Neumann 2003; Donovan and Jagt 2004; Neu−
mann and Wisshak in press).
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Institutional abbreviation.—MB, Museum für Naturkunde
der Humboldt−Universität zu Berlin, Germany. Collection
number MB. E5713. The Recent material figured in the pa−
per is housed at the Institute of Paleobiology, Erlangen, Ger−
many—no collection numbers.

Material and methods
The specimen presented herein was a unique finding encoun−
tered in the course of an extensive query for parasite traces on
the tests of Echinocorys during which several thousand echi−
noids were studied in museum and private collections. The
host echinoid in question is an Echinocorys ovata (Leske,
1778) collected randomly in the chalk pit “Klementelvitz” lo−
cated on the northeast of Rügen Island in Northern Germany
(Fig. 1). The quarry exposes a section of the higher Early
Maastrichtian (zones of Belemnella summensis to Belemnella
fastigata). The echinoid measures 97 mm in its length axis.
The oral surface, two thirds of which is preserved, provides an
excellent display of the coronal characters and delicate details
of the polychaete borings and their regeneration textures in
form of primary and miliary tubercles.

For further detail on the stratigraphy and palaeontological
inventory of the Early Maastrichtian white chalk of Rügen,
see Frenzel (2000) and Reich and Frenzel (2002).

Digital imaging of the echinoid and the boring traces was
undertaken after coating with ammonium chloride. In order
to reveal the fine details of the borings, SEM images were
taken from latex casts.

Measurements of the length and maximum width of the
traces were taken with the aid of precision sliding calipers
and the angle of the traces mean axis in relation to the
echinoids median axis was determined with a set square un−
der the stereo microscope. For all three quantifications, the
mean and standard deviation was calculated. The course and
depth of the traces was judged in a semi−quantitative manner
applying three classes each, for which the per cent abun−
dances were then determined.

The recent material for comparison stems from calcare−
ous substrates (micritic limestone and mollusc shells) which
were deployed for one year in 1 m water depth in the cold−
temperate setting of the Kosterfjord (SW Sweden) during the
course of a two−year experimental bioerosion study (see
Wisshak et al. 2005 for further detail). The substrate surface
was photographed under a stereo microscope and SEM im−
ages of the borings were taken from epoxy resin casts after
gold sputter coating. The Polydora specimen was extracted
in the laboratory from a bivalve shell fixed in formol.

The boring traces

The Echinocorys ovata specimen of interest exhibits a total
of 27 fossil boring traces, all of which are positioned on the
basal surface. They are exclusively positioned on the
plastron plates of interambulacrum 5 between the mouth
(peristome) and the anal region (periproct) of the echinoid
(Fig. 2, Table 1). The density of the traces is slightly increas−
ing from the peristome towards the periproct. Individual
traces are 1.6 to 4.9 mm in length with a mean of 3.4 mm. The
maximum width of the traces is in the range of 0.3 to 0.7 mm
with a mean value of 0.6 mm. About half of the traces (48%)
follow a more or less straight course with respect to the plane
of the substrate, while 41% are slightly curved and 11% dis−
play a strong curvature. Only one trace (#26) describes a
complete U−turn. All traces exhibit prominent regeneration
textures in form of primary and secondary tubercles. The
penetration of the traces ranges from very shallow depres−
sions (37%) to shallow (26%) and moderately deep (37%)
excavations. Maximum depth of the traces is close to 2 mm,
which is equivalent to more than half of the test thickness
(measured with 3.5 mm in this coronal area). None of the
traces completely penetrates the echinoid test. Measure−
ments of the angle of the traces main axis to the echinoids
median axis yields parallel to oblique angles in a random dis−
tribution with no significant maximum (41� ± 28�).

On a SEM scale, the latex cast prepared from the traces
bears shallow U−shaped and rounded intrusions (Fig. 3). The
main gallery enters and exits the substrate in a tangential
manner and is rapidly inclining towards the point of deepest
relief. The orientation of the traces main plane is oblique or
inclined in various angles in relation to the substrate surface.
Between the limbs of the trace, a moderate axial depression is
developed.
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Fig.1. Map of Rügen Island (N Germany) in the southern Baltic Sea and the
location of the chalk pit “Klementelvitz”, where the Echinocorys in ques−
tion was sampled in Early Maastrichtian strata.



Discussion

Ichnotaxonomy.—Corresponding traces are well known
from the Recent as well as the fossil record and are com−
prised under the ichnogenera Caulostrepsis Clarke, 1908 and

Maeandropolydora Voigt, 1965 (see Bromley and D’Ales−
sandro 1983 for a review). Caulostrepsis adresses simple
U−shaped borings of various kinds whereas Maeandropoly−
dora comprises more complex multiple U−shaped and occa−
sionally branching boring systems with often well developed
cylindrical galleries. Both ichnotaxa are found in many dif−
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Fig. 2. Oral surface of an Echinocorys ovata (Leske, 1778) (# MB.E 5713) featuring syn−vivo polychaete boring traces (Early Maastrichtian; “Kle−
mentelvitz” quarry, Rügen Island, N Germany). A. Overview of the well preserved oral surface with 27 Caulostrepsis isp. traces, all of which are located in
the interambulacral plates of the plastron. B. Schematic sketch of the basal surface indicating the position and number of the traces and the areas enlarged in
C and D. C. Close−up of several traces in close proximity of the periproct. D. Close−up of several traces illustrating their variability in length, boring depth
and curvature. Note the prominent regeneration texture exhibited by all traces.
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Table 1. Length and width of the individual traces (# indicated in Fig. 2B), qualitative information on their curvature and depth of penetration, and the
angle of the traces length axis relative to the echinoids median axis.

# length [mm] max width
[mm]

straight moderately
curved

strongly
curved

very
shallow

shallow moderately
deep

angle from
median axis

1 3.3 0.7 X X 10

2 3.0 0.5 X X 88

3 2.9 0.5 X X 15

4 3.4 0.6 X X 18

5 4.0 0.5 X X 0

6 3.4 0.4 X X 22

7 2.7 0.5 X X 27

8 3.0 0.4 X X 5

9 4.0 0.3 X X 48

10 4.5 0.4 X X 3

11 2.1 0.6 X X 54

12 4.4 0.6 X X 48

13 3.4 0.7 X X 31

14 4.9 0.7 X X 73

15 4.1 0.6 X X 80

16 4.8 0.8 X X 69

17 2.7 0.7 X X 67

18 3.1 0.6 X X 80

19 2.8 0.6 X X 48

20 1.8 0.7 X X 23

21 2.3 0.6 X X 18

22 1.6 0.7 X X 23

23 3.8 0.6 X X 85

24 4.4 0.5 X X 10

25 1.7 0.6 X X 38

26 4.3 0.6 X X 84

27 4.1 0.6 X X 39

3.4 ± 0.9 0.6 ± 0.1 48% 41% 11% 37% 26% 37% 41 ± 28

0.5 mm1 mm

Fig. 3. SEM images of a latex cast prepared from the trace−bearing plastron area of the Echinocorys ovata (Leske, 1778) echinoid (Early Maastrichtian;
“Klementelvitz” quarry, Rügen Island, N Germany). A. Traces # 4–7 oriented sub−parallel to each other in close proximity to the periproct B. Lateral view
of the moderately deep U−shaped trace # 12 showing a distinct regeneration texture in form of primary and miliary tubercles.



ferent calcareous and non−calcareous hard substrates. Their
fossil record reaches back to Palaeozoic times (Bromley
2004).

The present traces are best assigned as Caulostrepsis isp.,
since a confident ichnospecies distinction is not feasible in
case of early stages of trace development. In some of the
moderately deep and accordingly more mature variations of
the present material, it appears that the traces are somewhat
narrowing above the point of deepest relief, resulting in an
elongated restricted aperture and respective moderate axial
depression of the trace. This indicates a relation closest to
Caulostrepsis taeniola Clarke, 1908 and Caulostrepsis cre−
tacea (Voigt, 1971). Progressive (non−preserved) stages of
the traces possibly would have developed a more distinct
vane and dumbbell shaped aperture diagnostic for the former
ichnospecies.

The trace maker.—As for the trace maker of the present
material, the close similarity to Recent boring traces pro−
duced by polychaete annelids of the family Spionidae with
its most important representative Polydora Bosc, 1802, al−

lows an interpretation of the traces as the work of boring
polydorids with a fair degree of confidence. The morphology
of the borings can be compared for instance with mature bor−
ings of Dipolydora commensalis (Andrews, 1891), which is
today only known to infest gastropod shells inhabited by her−
mit crabs, or initial borings of various other species such as
Polydora ciliata (Johnston, 1838).

Corresponding traces from a Recent marine environment
were recorded in calcareous substrates deployed during the
two−year experimental bioerosion study in the Kosterfjord
area in SW Sweden (Wisshak et al. 2005). There, very similar
traces were encountered already after one year of exposure in
micritic limestone plates (Fig. 4A). SEM images of epoxy
resin casts of corresponding traces in a Littorina littorea gas−
tropod shell from the same locality (Fig. 4B) further under−
lines the close morphological affinity to the Cretaceous mate−
rial. From one boring, a spionid polychaete of the genus
Polydora was extracted in the laboratory (Fig. 4C), yielding
direct evidence on the actual trace maker.

Given this close morphological similarity and consider−
ing the extensive fossil record of such borings back to the
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Fig. 4. A. Recent Polydora sp. boring traces recorded in an artificial limestone substrate deployed in the Swedish Kosterfjord area during a bioerosion ex−
periment. B. SEM image of an epoxy resin cast of an initial syn−vivo Caulostrepsis isp. boring taken from a Littorina littorea gastropod shell. C. The spionid
polychaete Polydora sp. isolated from a bivalve shell. (Recent material stored at the Institute of Palaeontology, Erlangen).



Palaeozoic, we feel reasonably confident in attributing the
Cretaceous traces encountered in the Echinocorys test to the
work of a polydorid spionid. Consequently, this is the first re−
cord of a syn−vivo association of a boring polychaete not only
with an echinoid but with an echinoderm in general.

The trace formation.—The mode of penetration of poly−
dorid worms has been controversial since the late 19th cen−
tury when the first theories emerged (Lankester 1868). Both,
boring by mechanical means utilising specialised heavy
spines of the 5th setiger as well as chemical penetration with
the aid of acetic acid secretion have been suggested (see re−
view in Blake and Evans 1973). It is now established that the
boring mechanism most likely bears a combination of chemi−
cal and mechanical components (Van der Pers 1978). The
relative dominance of either mode of trace formation is prob−
ably considerably dependant on the species involved and on
the substrate properties.

The trace making worm followed a lateral mode of pene−
tration as opposed to an axial boring mechanism (sensu
Bromley and D’Alessandro 1983). Once the polychaete lar−
vae had overcome the echinoids defence mechanism and un−
dergone metamorphosis on the basal plastron area (Fig. 5A),

the worm was oriented parallel to the substrate and formed a
shallow groove (Fig. 5B). Thereby the worm did not adopt a
preferred orientation (indicated by the random distribution in
orientation lacking a significant maximum). The polydorid
worm then progressively deepened the boring, resulting in a
U−shaped excavation (Fig. 5C). Whether the worm was pro−
tected by an agglutinated tube during the initial phase or the
presence of a mucus−bound lining of the tunnel and infill be−
tween the limbs such as formed by some Recent polydorids
(e.g., Söderström 1923; Blake and Evans 1973) can not be
deduced from the present material. After the trace maker
ceased or left the boring, the echinoids regeneration mecha−
nism commenced and new primary as well as miliary spines
were developed (Fig. 5D).

The nature of the symbiotic relationship.—Polydorids are
capable of feeding either on seston (suspension feeding) or
on detritus (deposit feeding). Many species switch between
these two modes according to the local conditions for in−
stance in terms of current velocity or particle flux (Wildish
and Kristmanson 1997; Hentschel 2004). With a position on
the basal surface of the present Echinocorys host, principally
both modes were applicable. The polychaete probably took
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Fig. 5. Schematic sketch of the echinoid / polychaete interaction and the development of a Caulostrepsis boring. A. Position of the commensal polychaete
on the sheltered basal side (plastron) of the echinoid, taking advantage of the hosts ciliary current and sediment resuspension due to locomotion. B. A poly−
dorid polychaete producing an initial shallow depression on the test surface. C. The polydorid progressively deepens the excavation; the presence of a mu−
cus−bound infill between the limbs as it is known for some Recent polydorids, is hypothetical. D. Abandoned trace and regeneration texture developed by
the living echinoid skeletal tissue. The mode of penetration is based upon Söderström (1923) and Blake and Evans (1973).



advantage of organic matter resuspended by the echinoids lo−
comotion and feeding activity. The increasing density of bor−
ings towards the periproct may be explained by additional
coprophagous feeding or by benefiting from the ciliary cur−
rent provided by the fasciole−like structure surrounding the
periproct (Stephenson 1963). A concentration of polydorids
in areas close to the potential source of food is also well doc−
umented from Recent associations as for instance in case of
Dypolydora and its host bivalve Gomphina in Japan (Sato−
Okoshi 1999).

The restriction of the traces to the interambulacral region
of the plastron between the peristome and periproct wit−
nesses a highly selective behaviour of the trace maker or its
respective larvae, choosing the most advantageous position
on the host. In contrast to the periplastronal plates, the inter−
ambulacral area of the plastron has a dense cover of primary
spines, providing superior interspace between spines as well
as between the test and the underlying sediment (Fig. 5).
However, no traces were observed in the laterobasal inter−
ambulacral regions despite similar tuberculation and spine
canopy. A position on the basal surface grounded in opti−
mised protection, is regarded as typical for echinoderm com−
mensals in general and especially for other (non−boring)
polychaetes (Martin and Britayev 1998).

While the polychaetes utilised the echinoid as a mobile
host, benefiting from shelter and food availability, we need
to evaluate the effect of the polydorid infestation in turn on
its Echinocorys host. Both were deposit feeders, resulting in
some degree of competition for nutrients. The borings con−
tribute to a weakening of the echinoid test in analogy to bor−
ing polydorids that reduce shell strength of bivalves and con−
sequently cause indirect mortality by facilitating predation
(Bergmann et al. 1982). Also, by offering an entry for mi−
crobes to the soft tissues, the tube−dwelling may affect the
echinoid’s susceptibility to secondary infection. Moreover,
the worms may have had a harmful impact on the host physi−
ology because of a potential deviation of host energy towards
worm−induced repair of test damage. Although this particu−
lar case was not lethal (as evidenced by the advanced regen−
eration structures), we see no advantage but only evidence
for somewhat harmful effects on the host. In conclusion, it is
indicated that the symbiotic relationship was neither parasitic
nor mutualistic, classifying the polydorids as inquilistic com−
mensals.

Whether this relationship was an aimed or rather fortu−
itous one is difficult to assess as there is evidence for either
interpretation: A fortuitous association can be suspected,
grounded on the pronounced rarity of these boring traces. In
fact, only one among approximately 8000 Echinocorys tests
examined by the authors show such traces. On the other
hand, intensity and distribution of polydorid polychaete in−
festation may vary strongly even on a small scale depending
on the local environmental circumstances (e.g., Almeida et
al. 1998). However, further evidence for Echinocorys being
a false host can be seen in the fact, that the present borings
only reached an initial to moderately mature state, implying

unsuitable conditions even though the polychaetes were able
to initially overwhelm the echinoids defence mechanisms at
least for a short period of time. It can, however, not be ruled
out that the traces are actually mature and were produced by a
polydorid which is developing only shallow borings and
lives within a mucus−bound sand tube or a canal generated
within the host soft−tissue. Moreover, a fortuitous infestation
is unlikely when taking the pronounced selective behaviour
of the trace maker or its respective larvae into account, who
chose the most advantageous position on the host (see
above). This is strongly suggesting some degree of adapta−
tion to the specific host. Also, the relatively high number of
traces implies gregarious recruitment, which in turn provides
further arguments for a symbiotic association because this
behavioural pattern requires host recognition as for instance
driven by specific chemical cues. Alternatively, the aggre−
gate distribution could be explained by asexual reproduction
via schizogamy following even a single−larvae infestation—
a behavioural pattern known for instance for Recent Poly−
dorella (Radashevsky 1996; Martin and Britayev 1998).

Echinocorys—a suitable host for boring polydorid poly−
chaetes?—Considering its comparatively large size, we can
assume Echinocorys to be a long−living and slow−growing
echinoid typical for a K−strategist in a relatively nutrient−de−
ficient environment. Hence, Echinocorys is a suitable host
for symbiotic interactions since it is prone to larval settle−
ment or adult migration for a comparatively long period of
time besides the fact that it provides superior potential living
space if compared to small hosts. In contrast to the echinoid,
polydorids exhibit a much shorter lifespan. For instance, the
lifespan of Polydora in the temperate French Atlantic coast
comprises only between 1 and 2 years (Ruellet 2004).

However, boring in a living echinoid test requires special
skills for overwhelming the host’s defence system. Gener−
ally, the epithelium covering all parts of the skeleton as well
as pedicellariae and chemical cues serve to prevent parasite
attacks and larval settlement of biofouling organisms (Jan−
goux 1990). The response of polydorid worms to dissolved
chemical cues—such as those potentially released as defence
mechanism by the host echinoid—is poorly understood as
yet, but initial experiments indicate significant phagostimu−
latory or phagodepressing effects on some species (Ferner
and Jumars 1999). In any way, the large number of other
known symbiotic associations of echinoderms with (non−
boring) polychaetes witnesses that infestation is principally
achievable (Martin and Britayev 1998).

The floor of the chalk sea, consisting of hemipelagic cal−
careous nanoplankton ooze (mainly coccolithophorides and
their remains) was characterised by oligotrophic bottom con−
ditions and comparatively low megabenthos abundance (Jar−
vis et al. 2002). For bioeroders and settlers, the sea floor pro−
vided very limited hard ground ecospace which was available
only in form of secondary biogenic remains and specifically
calcareous skeletons. The deposit feeding Echinocorys often
was the dominant component of these benthic communities
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(Néraudeau and Villier 1997) and its dead tests were fre−
quently subjected to biofouling and bioerosion as evidenced
also on the very same echinoid test by the presence of encrust−
ing serpulid worms. Although spionid polychaetes are gener−
ally known to bore also in dead substrates, the present trace
maker chose an alive host instead of taking advantage of the
more easy access to the many dead Echinocorys tests littering
around on the seafloor. This fact provides further evidence for
a symbiotic strategy of the trace maker.

Conclusions
The Echinocorys ovata specimen of interest features 27 ran−
domly oriented fossil boring traces of the ichnogenus Caulo−
strepsis, positioned on the plastron between the peristome
and periproct of the host echinoid. Individual traces are shal−
low to moderately deep U−shaped borings with a mean length
of 3.4 mm at a mean width of 0.6 mm, and show distinct re−
generation textures evidencing a syn−vivo infestation.

Based upon the close morphological resemblance with
initial boring traces of Recent polydorid polychaetes of the
family Spionidae, the present traces can be interpreted as a
work of to these boring polychaetes with confidence. Hence,
this is the first record of a syn−vivo association of a boring
polychaete with an echinoderm.

Once the polydorid larvae had overcome the echinoids de−
fence mechanism and undergone metamorphosis, the worm
followed a lateral mode of penetration and formed a shallow
groove. The polydorid subsequently deepened the boring, re−
sulting in a U−shaped excavation. The presence of an aggluti−
nated tube or mucus−bound infill between the limbs remains
hypothetical. After the trace maker ceased or left the boring,
the echinoids regeneration mechanism commenced.

The nature of the symbiotic relationship can be addressed
as commensalism. The facultative either suspension or de−
posit feeding polydorid probably took advantage of organic
matter resuspended by the echinoids locomotion and feeding
activity and additionally benefited from effective shelter. For
the host echinoid in turn, the association was moderately
harmful (competition for nutrients; weakening of the test; en−
hanced susceptibility to secondary infection; distress).

A fortuitous association could be seen grounded on the
pronounced rarity of these boring traces and the fact, that
they only reached an initial to moderately mature state. They
may, however, actually be mature when produced by a spio−
nid which is only developing shallow borings. On the other
hand, strong evidence for a true symbiotic relationship and
an adaptation to the specific host is given by the pronounced
selective behaviour of the trace maker or its respective lar−
vae, choosing the most advantageous position on the hosts
plastron area.

For bioeroders and settlers, the oligotrophic soft bottom
environment of the chalk sea provided very limited hard
ground ecospace, available only in form of dead and alive
biogenic structures. Echinocorys was the dominant compo−

nent of the macrobenthic community and can be considered
as a suitable host for symbiotic interactions because of it’s
size and assumed longevity. Even though boring in a living
echinoid test requires special skills for overwhelming its de−
fence system, it was settled by the polydorid instead of taking
advantage of the more easy access to dead tests, providing
further evidence for a symbiotic strategy.

Note
Shortly after submission of this manuscript, our quest for
traces of symbiotic interactions involving Echinocorys yiel−
ded one additional specimen (collection Matschke, Sassnitz)
featuring polydorid traces closely resembling the ones de−
scribed herein. The new finding is another Echinocorys ovata
and was collected from the same locality and stratigraphic
level as the specimen mentioned in our study. Comparably,
this Echinocorys test exposes eighteen syn−vivo polydorid bor−
ings on its oral surface which are all located on the plastron
and the laterobasal area. The less densely tuberculated peri−
plastronal areas (ambulacra I and V) were not infested. Hence,
there is further evidence that this symbiotic couple was not all
that rare after all and further specimens are likely to be recog−
nised with the current knowledge in mind.
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