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Abstract Boreholes in the large, extinct Antarctic Neogene
pectinid Zygochlamys anderssoni suggest that this scallop
was preyed upon by a large predatory muricid gastropod
i possibly a Trophon species). The holes occur in mature
individuals, which contrasts with the situation in modern
Zygochlamys delicatula from New Zealand, where gastropod
predation is apparently restricted to juveniles only. This
difference is ascribed to dissimilarities in the lifestyles of
these scallops; whereas the former was probably byssally
attached throughout ontogeny, adults of the latter become
tree living after an initial period of byssal attachment. During
the late Pliocene, a change towards higher motility in
Chlamys-like pectinids of the Southern Ocean may have
caused the loss of an important food source for the larger
muricids.
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adductor muscle to bodyweight ratio and the epifaunal
lifestyle of most species. Predators commonly include
asteroids, decapod crustaceans, and fish species (Orensanz
et al. 1991), but sea birds (ducks) have been observed to
feed on pectinids as well (King & Broderip 1831; Brun
1971). When attacked, many scallop species show an escape
response by quickly jumping or swimming away from their
attackers (Thomas & Gruffydd 1971; Brand 1991). Indeed,
evolutionary trends in shell morphology in various scallop
lineages have been interpreted as reflecting adaptations
which increase motility, probably as a response to predatory
pressures (e.g., Beu 1995). Scallops with less well developed
swimming abilities may get protection from encrusting
sponges (Bloom 1975; Chernoff 1987).

Gastropod drilling predation on Pectinidae by species
of the families Naticidae and Muricidae seems to be
relatively uncommon, which is somewhat surprising given
the widespread occurrence of all three families. Since
predatory gastropods of the Naticidae are predominantly
infaunal, we may not expect to find much evidence of such
gastropods feeding on scallops: Kabat (1990) listed only two
species with documented naticid boreholes. However, the
sparse literature suggests that drilling predation on pectinids
by epifaunal Muricidae is also relatively unimportant. The
impact of muricid predation on Argopecten irradians
(Lamarck) was studied by Ordzie & Garofalo (1980a, b)

INTRODUCTION

The late Pliocene Cockburn Island Formation, a c. 3 Ma,
coarse-grained clastic deposit (Jonkers & Kelley 1998)
exposed on Cockburn Island, northern Antarctic Peninsula
(Fig. 1), has yielded one of the richest Neogene fossil
assemblages in Antarctica. Over 100 fossil taxa have thus
far been recovered from this shallow-water deposit
(Gazdzicki & Webb 1996) which hold important clues to
the evolutionary history of the Southern Ocean's biota as
well as to the paleoenvironmental development of the
Antarctic region.

Molluscs occur in abundance, but species diversity is
comparatively low (Jonkers 1998a). Specimens of the large,
extinct pectinid Zygochlamys anderssoni (Hennig) dominate
the bivalve association, and the gastropod fauna is chiefly
represented by the patellid limpet Nacella cf. concinna
Strebel. However, indirect evidence for the former
abundance of predatory gastropods comes from conspicuous
boreholes in the shells of Z. anderssoni.

Scallops are an attractive prey item to a variety of
malacophagous marine organisms, because of their high
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and Karllson (1991), and predation by both muricids and
naticids on Spanish Pliocene Chlamys species was discussed
by Guerrero Alba & Reyment (1988).

In this paper, evidence is presented for muricid gastropod
predation on the Antarctic species Zygochlamys anderssoni.
For comparative purposes, gastropod boreholes were studied
in modern Z. delicatula (Hutton) from New Zealand, a cold-
water scallop which currently has its northernmost limit in
Cook Strait (Pantin 1963) and which is distributed south to
Macquarie Island, just north of the Antarctic Convergence
(Powell 1955) (Fig. 1). Fossils of this species are ubiquitous
in upper Pliocene (Nukumaruan) rocks throughout eastern
North Island (Beu 1995).

MATERIALS AND METHODS

More than 400 fossils of Zygochlamys anderssoni were
collected on Cockburn Island (64°12'S, 56°50'W) by R. V.
Dingle and C. J. M. Day in January 1995, and by S. L. White
and the author in January 1996. These mostly consist of
shelly umbonal parts of right valves, with left valves (nearly
all fragmented) accounting for only c. 20% of collected
material. Fragmentation of shells and selective removal of
the more fragile left valves is thought to result from
periglacial reworking (Jonkers 1998a). Z. delicatula was
collected in Papanui Canyon, off Otago Heads, New Zealand
(45°49'S, 171°1'E), in 540-490 m water depth, by A. G. &
J. I. Beu on R.V. Munida, 22.10.1970 (Sta. Mu 70-45)
(Fig. 1). For this species, the number of left and right valves
are nearly equal (114 and 108, respectively).

Borings completely penetrating the shell were classified
as "successful", failed boring attempts as "unsuccessful".
Because of difficulties in detecting boreholes in fossil
moulds of Z. anderssoni, only shelly material was
considered. Valve type (left, right) of such material was
established wherever possible. Outer borehole diameter was
measured along a line parallel to the scallop's costae, using
a dissecting microscope fitted with an ocular micrometer.
Holes were measured to the nearest 0.1 mm in Z. anderssoni,
and to the nearest 0.01 mm in Z. delicatula.

Valve height and the distance between beak and the
centre of the borehole were measured with vernier calipers
(to 0.1 mm). Dimensions other than valve height, as well as
umbonal angle, were obtained from photographs printed at
natural size; in small Z. delicatula, such dimensions were
taken from drawings made with a drawing tube. Valve
heights of incomplete valves of Z. anderssoni (90% of all
identifiable shelly fossils), both drilled and undrilled, were
computed with the regression equations in Table 1, which
are based on parameter relations in right valves. No
meaningful regression equations could be obtained for left
valves because of the extreme scarcity of complete
specimens. However, since the dimensions of the used
parameters in 19 valve pairs of Z. delicatula were not found
to differ significantly (with the exception of the height of
the anterior auricle), valve heights of fragmented left valves
were computed with the same equations.

Fossils of Z. anderssoni are lodged under DJ.634 and
DJ.851-854 in the collections of the British Antarctic Survey
(BAS), Cambridge, United Kingdom. Most of the Z.
delicatula material is kept under RM4744 at the Institute of
Geological & Nuclear Sciences, Lower Hurt, New Zealand;
illustrated material is at BAS under ROW. 12.

RESULTS

Predator identification
Gastropods of the Naticidae and Muricidae drill distinctive
holes in the shells of their prey (Taylor 1970; Carriker &
vanZandt 1972; Bromley 1981; Guerrero Alba & Reymeni
1988). Naticids produce a parabolic or wide conical hole
with circular outline, which usually has a broad, bevellec
rim. Thus, the external opening is considerably larger than
the internal opening. Incomplete boreholes have a centra;
boss. Holes drilled by muricids are usually cylindrical, wit)
straight or only slightly inward tapering sides; a narrow
bevelled rim may be present. Their external and interna
openings are of about the same size. Bottoms of incomplete
muricid bores are flat or concave. In very thin shells, muricic
boreholes may be parabolic in longitudinal section (Carriker
& van Zandt 1972), and in such shells distinction betweer
muricid and naticid holes is often not possible (but see
Kowalewski 1993).

All boreholes in the thick-shelled Zygochlamys
anderssoni show the characteristics of those of muricids
(Fig. 2), but holes drilled by parasitic Capulidae, of which
family we know only one Antarctic representative {Capulus
subcompressus Pelseneer), may look similar to muricie
boreholes. However, such holes are usually situated withir
a distinct attachment scar and are preferentially locatec
anterodorsally on a scallop's left valve (Matsukuma 1978
Bromley 1981). Other gastropod families which include
hole-makers, such as the Marginellidae, Cassidae, anc.
Nassariidae (Morton & Chan 1997), are either poorl\
represented in, or completely absent from, the Southerc
Ocean (Dell 1990). Direct evidence for the presence of
associated muricids (or indeed for any non-patellic
gastropods) is scarce on Cockburn Island: only one smal!
Trophon with prominent axial lamellae, similar to
T. shackletoni Hedley, was recovered (Fig. 2B). At present:
Trophon, with 28 species in southern seas (Powell 1965), is
the only muricid genus in the high Antarctic.

In many instances, it proved difficult to attribute bores
in Zygochlamys delicatula to either a muricid or naticid
predator, as drilled shells are small (see below) and ven,
thin. Since naticids are predominantly infaunal, it seems

Table 1 Regression equations used in computing valve heighi
of fragmented valves of Zygochlamys anderssoni. Equations an1

based on specimens in the size range of 90-140 mm; from visual
inspection relationships are assumed to be linear. Abbreviations:
AHA, height of anterior auricle; AHP, height of posterior auricle
OL, length of outer ligament; OLA, length of anterior outei
ligament; OLP, length of posterior outer ligament; VH, valvi.
height; VHA, anterior dorsal height of valve; VLP, posterior lengt
of valve. Parameters are shown in Fig. 5. The equation w:t
parameter AHA was used for right valves only. Symbols: r
correlation coefficient (oc < 0.01 in all instances); n, number o
valves on which equations are based; N, number of valve fragment;
to which equations were applied.

Parameter Regression equation N

= 1.5647VHA+ 17.911 0.887 25 28
= 1.7012VLP +25.649 0.872 19 13
= 1.221OL +50.233 0.865 12 109
= 2.4901OLA +36.905 0.854 19 83
= 4.6517AHA +32.147 0.739 29 22
= 1.8047AHP +72.551 0.634 19 6
= 1.7967OLP +73.859 0.611 21 31
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