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Archeopneustes hystrix Agassiz collected from bathyal depths near the Bahamas
carry the amphinomid polychaete Benthoscolex cubanus Hartman in the intestine.
Infection levels as high as 80-100% were found in some populations, but multiple
infection was uncommon. Populations from throughout the Bahamas area were
found to be infested. Species (n=23) of bathyal urchin have been examined for
presence of the worm, but B. cubanus was only found in A. hystrix. The polychaete
feeds by selecting foraminiferans and other fragments of organic material from
among the gut contents ofthe sea-urchin. Although it is able to leave the urchin, via
the anus, the worm is not thought to leave the gut. Benthoscolex cubanus has few
obvious adapations for life inside the gut of a sea-urchin, although the cuticle is
thicker than in most polychaetes. Sexually mature worms were found at all seasons
of the year and maturity was directly related to size. The sex ratio was 1: 1 and the
size ranges of mature males and females did not differ. Benthoscolex cubanus has
small non-buoyant eggs likely to give rise to free-living larvae. Predation is
proposed as an ultimate reason for the evolution ofthis unusual commensal/parasi
tic relationship.

KEYWORDS: Benthoscolex, Amphinomidae, bathyal, Bahamas, commensal,
echinoid, Archeopneustes, Foraminifera.

Introduction
In 1942 Olga Hartman described a new species of amphinomid polychaete which

she named Benthoscolex cubanus from material collected by the 'Atlantis' off Cuba.
These worms were found in the guts of sea-urchins and were taken from 120-235
fathoms (219-430m). During studies of the reproductive biology of a number of
bathyal echinoids in the Bahamas Archipelago we discovered that specimens of the
spatangoid sea-urchin Archeopneustes hystrix (Fig. 1)commonly had large polychaetes
living in the gut cavity. These polychaetes were subsequently identified as B. cubanus.
Collections of A. hystrix infested with B. cubanus were subsequently made at several
sites in the Bahamas and at different seasons. The availability oflarge numbers of this

t Contribution number 966 of the Harbor Branch Oceanographic Institution.
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1014 R. H. Emson et al.

FIGS 1-3. (1) Archeopneustes hystrix in situ;(2) Archeopneustes hystrix with the aboral surface
removed revealing the second loop of the gut (intestine). An individual B. cubanus is
arrowed; (3) living mature female B. cubanus.

worm enabled us to obtain information on its abundance, distribution, reproduction
and anatomy, and to expand on Hartman's original description. The unusual habitat of
this polychaete raises specific questions about whether there are anatomical adapt
ations for lifein the gut, and about the worm's lifestyle,relationship with the sea-urchin,
and life history. We aim to answer some of these questions in this paper.

Materials and methods
Sea-urchins were collected individually using either a suction device or a hydraulic

scoop during dives by the submersibles Johnson Sea Link I and II operating from the
RVs 'Edwin Link' and 'Seward Johnson'. The largest samples were collected in October
1991 and May 1992from dense aggregations of A. hystrix encountered near Egg Island
and Chub Cay, respectively . Photographs which document the distribution pattern of
the host urchins on the sea floor and the nature of the substratum were taken from the
submersible using a Benthos 35 mm camera with an 80 mm lens.
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On board ship the containers in which the sea-urchins had been placed after
collection were inspected for worms. The sea-urchins were transferred to cool water in a
cold room to await processing. The containers were also searched before dissection of
the urchins, in case worms left the host during this period. After dimensions of the sea
urchin had been recorded the upper part of the test of the sea-urchin was removed to
expose the gut of the sea-urchin suspended in the body cavity (Fig. 2). The gut was
searched for worms and the position and orientation of each worm recorded. The
length of each worm was measured after relaxation in 3'5% magnesium chloride
solution. Whole worms were preserved in buffered formalin, or 70% alcohol and small
pieces of some tissues were fixed in glutaraldehyde.

Reproductive condition was assessed by biopsy and by examination of sectioned
individuals. Biopsy consisted of removal of a section of lateral and ventral body wall
from mid-animal together with a sample of coelomic fluid. Animals were scored for
maturity on a four-point scale (1) unsexable animals; (2) females with a high proportion
of immature (small) eggs or males with small rafts of spermatocytes; (3) females with
large numbers of eggs a high proportion mature or males with large rafts of
spermatocytes and spermatids; and (4) females packed with very large numbers of
mature eggs or males packed with rafts of spermatids.

Egg sizes of mature females were measured using an eyepiece micrometer. Worms
selected for histological examination were processed, embedded in wax and sectioned
at 8 jJ.m in the conventional manner. Sections were routinely stained with Mallory's
trichrome technique (Humason, 1979), Material for electron microscopy was fixed in
2'5% glutaraldehyde buffered in 0·2 M phosphate buffer (pH 7'6), post-fixed in 2% osmic
acid, rinsed in buffer, dehydrated in a graded ethanol series and embedded in Epon.
Ultrathin sections were cut with a Reichert ultramicrotome, conventionally stained
with uranyl acetate and lead citrate and mounted on naked copper grids. Transmission
electron microscopy was carried out using a Jeol lOOC electron microscope.

Results
Dissection of Archeopneustes hystrix revealed large amphinomid polychaetes in the

body cavity or gut (Fig. 2). These were identified as Benthoscolex cubanus Hartman
1942. No worms were found associated with intact urchins in the collection containers
when brought on board, but when A. hystrix had been retained for some time in tanks
on board ship before dissection worms were sometimes found free in them.

Taxonomic section
The rediscovery of this species enables us to add to the description of Hartman

(1942) and to determine patterns of growth. Source of material examined: Chub Cay;
Bahamas 463 m; Egg Island, Bahamas 480 m, 30 individuals in total.

External anatomy
The worms were from 7·3 to 40·6 mm in length. Small individuals have a fusiform

body which becomes wider and thicker in larger specimens (Figs 3 and 6). Body
segments in the adult appear to be determinate, reaching a maximum of 40 segments.
Mid-ventral groove absent. Body not narrowed at intersegmental annuli. Ventral
scutes absent. Parapodia obvious, projecting laterally in anterior segments, but more
distally in posterior segments. Colour in life rosy pink with the large major blood
vessels showing a deep red. Mature females (Fig. 3) creamy yellow. Preserved worms
white with a ventral double brown-yellow line running down the middle of the body.
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FIG. 4. Benthoscolex cubanus. (a) Dorsal anterior view; (b) ventral posterior view; (c) ventral
posterior view showing the long cirri; (d) detail ofprostomium of large specimen showing
enlarged caruncle; (e) profile of parapodium from chaetiger 15 looking from the posterior
(chaetae removed); (f) notochaetae, 1, hastate notoacicular chaetae, 2, serrated notoaci
cular chaetae, 3, short bladed fork, 4, long bladed fork; (g) neurochaetae, 1, neuroacicular
chaetae, 2, long bladed serrated fork, 3, short bladed fork; (h) detail of branchia. Scale
(mm): a-e, 1; f and g, 0'1, 0'1; h, 0·5.
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The anterior end comprises a rounded prostomium and a pair of fused palps. The
palps are rounded-triangular with a curved margin which may be slightly indented
(Fig. 4a, b); ventrally there is a shallow mid-ventral groove. There is a pair of antennae
inserted laterally onto the palps. The prostomium is a shallow dome from which arises
a simple median antenna; a pair of lateral antennae are inserted at the base of the
prostomium. Eyes are absent. The caruncle comprises a median keel with a pair of
lateral ridges and is inconspicuous and confined to the prostomium in small specimens,
while in larger individuals it is expanded and extends towards the third chaetiger. The
first chaetiger appears incomplete on the ventral side, the second appears to form the
ventral margin of the mouth and is distinctly ridged (Fig. 4a, b).

The parapodia are biramous, the neuropodia extending further than the notopodia.
Notopodia are confined to the dorsolateral region of the segment. Chaetae arise
forming a distinct sheath, particularly in the neuropodia where they appear to arise
around a low mound. Cirriform cirri are present in all segments. True dorsal cirri are
absent. Lateral cirri arise adjacent to the notochaetal field, ventral on the inner margin
of the neurochaetae and distinct from them (Fig. 4b). On posterior segments both
lateral and ventral cirri become elongated with the lateral ones dorsally positioned and
longer than the ventral. Neither cirri have cirrifores.

Branchiae are present from chaetiger 6 in small worms and 7 in larger ones. They
appear as finger-like processes just posterior and ventral to the notopodia (Fig. 4e).
Branchiae increase in size and in number of branches posteriorly, forming dichotom
ous branches (Fig. 4h).

Notochaetae are of three types: (i) very long forked chaetae with serrated edges,
(Fig. 4, f4); (ii) short-medium forks with weak serrations (Fig. 4, f3); (iii) hastate
(harpoon-line) and weakly serrated notoacicular chaetae (Fig. 4, f'l, 2). Notoacicula
occur in a line within the podia; there are five or six within a field. Neurochaetae are of
three types; (i) slender, long forks with serrated edges (Fig. 4, gl); (ii) thicker, shorter
forks with smooth or weakly serrate edges (Fig. 4, g2); (iii) simple neuroacicular chaetae
(Fig. 4, g3). Neuroacicula have a similar arrangement to the notoacicula and occur
posteriorly to the low mound.

Remarks
Our material agrees well with Hartman's original description, the main differences

being in the shape and form of the anterior end which is more rounded in our
specimens; the chaetiger on which the branchiae first appear (Hartman describing these
as first appearing on chaetiger 7 or 8 whereas in our worms they appear on segment 6 or
7); the nature of the parapodia which are more defined than in Hartman's figures.

Allometric changes in body shape
There are few data on allometric change in polychaetes, and it has been commonly

assumed that measures of body size and shape are particularly variable depending on
state of preservation. The number of intact individuals collected here allows us to test
this assumption, and determine the levels of consistency for a number of allometric
characters. As this species grows in length it adds segments reaching a maximum
number of 37-40 (Figs 3,5 and 6). The relationship between body length and chaetiger
number suggests that counting the latter will provide a reasonable estimate of overall
size. The volume of the segments also increases with size, as is indicated by changes in
width (Fig. 6).
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FIG. 6. Demonstration of: (a) chaetiger width increasing with increased chaetiger number; and
(b) position of the widest segment moving posteriorly as B. cubanus increases in size.

The shape of this species changes with increase in length; small individuals have a
linear elongated shape which becomes more rhomboid with increasing size. The widest
part of the body changes position with length, the widest segment being further back
towards the middle of the body in the largest individuals (Figs 3 and 6).

Body wall structure
Histological sections revealed that the body wall was rather thin (50-200 }lm) but

bounded by a thick well-structured cuticle. In electron micrographs two distinct layers
are visible (Fig. 7). The cuticle proper is composed principally of unbanded collagen
fibres arranged as alternating criss-crossing layers. These fibres are embedded in a
granular, relatively electron-dense matrix. Through the cuticle pass numerous
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FIGS 7-9. (7) Low-power electron micrograph showing structure of the cuticle of B. cubanus.
Scale bar = 2 Jlm; (8) high-power electron micrograph showing the epicuticle of B. cubanus.
Arrow indicates a branching microv illus; (9) electron micrograph showing structure of an
oocyte of B. cubanus Scale bar=4 Jlm. a, Epidermal cells; c, cuticle; e, epicutic1e; ee, egg
envelope; f, fuzz; g, granule; mv, micro villus; mt, microvillar tips; y, yolk granule.
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microvillar extensions of the underlying epidermal cells. The outer epicuticle (Fig. 8)
consists of the closely packed tips of the epidermal cell microvilli embedded in a fibrous
matrix which has an inner denser layer and an outer less dense layer. The microvilli
have slightly inflated tips, are often branched, and do not project beyond the fibrous
matrix. The external surface of the epicuticle is covered by a distinct fuzzy layer of fine
fibrillar material, apparently originating from the surface of the microvillar tips. In the
basal part of the epicuticle are large numbers of electron-dense membrane-bound
granules which appear to be contained within expanded sections of the microvillar
system. No endocytotic vesiclesor other evidence of pinocytotic activity were observed.

Population characteristics

Habitat and host specificity
In all, 23 species of echinoids from several families haven been collected and their

gut contents routinely examined during our work in the Bahamas (Young, 1992). Of
these the irregular urchins might be considered as more likely hosts for B. cubanus as
access to the gut does not involve negotiating an Aristotle's lantern or ascending to the
aboral anus. Although several hundred specimens have been examined no Bentho
scolex have been found. Of the species of irregular urchin shown in Table 1 only
Archaeopneustes hystrix has ever been found to contain specimens of B. cubanus,
although other species were collected from the same or nearby sites at approximately
the same depth, often on the same dive. Another large errant polychaete, Ophiodromus
sp. (Hesionidae), however, was commonly found associated with the oral surface of the
spatangoid Linopneustes lonqispinus Agassiz, 1878. These polychaetes also seemed to
be specific in their association, but were never found inside the urchin.

Prevalence and host/associate size relationships
Benthoscolex cubanus was found in 65'6% of the A. hystrix for all individuals

collected (n = 67)(Table 1). The largest samples taken in October 1991 (n = 10)and May
1992(n = 20) had prevalences of 100and 80%, respectively. All sizes of urchins collected
could contain B. cubanus. There was no relationship between size of worm and size of
host within the size-range of urchin sampled (Fig. to).

Intensity of infestation. No instances of multiple infestation were recorded in 1989 or
1990. However, a single specimen of A. hystrix containing two worms of very different
sizes was recorded in October 1991, and in May 1992 four urchins were found which

Table 1. Prevalence of B. cubanus in irregular sea-urchins from the Bahamas area.

Echinoid species

Archaeopneustes hystrix
Palaeonpneustes cristatus
Linopneustes longispinus
Conolampus sigsbei
Brissopsis atlantica
Clypeaster cyclopilus
Paleobrissus hilgardi

Number examined

67
91

146
65
42
2t

229

Number containing
B. cubanus

44
o
°to
o
o
o

t Many had a species of Ophiodromus associated with them.
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FIG. 10. Relationship between A. hystrix test length and the length of resident B. cubanus.

Table 2. Data for May 1992 illustrating the pattern of distribution and orientation of
B. cubanus within the gut of A. hystrix.

Urchin Urchin Worm
Urchin length width length Positional
number (mm) (mm) (mm) notes Orientation

95 77 (a)34·9 mid-intestine
(b) 10 anterior to worm (a)

2 92·1 78 21·7 outside host
3 97-9 77-9 41 at anus
4 100 83'2 40 at anus
5 103·5 89·4 41 at anus head to anus
6 97·95 78·8 35 at anus
7 105 84·1 34'9 at anus
8 102·3 79·0 39·6 at anus head to anus
9 100·25 82·5 38 at anus head to anus

10 111 93 (a) 37 near anus
(b) 15 mid-intestine

11 93·8 78·5 33 (exited during dissection)
12 103·3 87·8 42 at anus head to anus
13 100·2 81·5 (a) 38 (exited during dissection)

(b) 10 mid-intestine
14 97·2 82·3 (a) 35·6 at anus head to anusj

(b) 10 mid-intestine
15 102·1 84·2 40·0 at anus head to anus
16 103 83·2 23·8 at anus

t Animal stimulated to move within the gut.
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contained more than a single individual. In all cases the worms were markedly different
in size (Table 2). The smaller worms were, in fact, the smallest B. cubanus found. In all
these cases the larger animal was found to contain mature or maturing gametes and the
small animals were immature.

Population size-frequency structure
The length-frequency pattern of the B. cuban us populations from the October 1991

and May 1992 samples are shown in Fig. 11. A bimodal pattern is evident in both, with
that of May 1992 being the more pronounced. It is noticeable that the principal size
groups are the same for samples taken at different times of year and from widely
separated sites around the Bahamas. It seems possible that the small specimens are
recent recruits into the population and that growth is asymptotic.

Geographical and bathymetric distribution
Figure 12 shows the distribution of sites at which A. hystrix has been collected and

found to contain B. cubanus. The polychaete is found in populations of A. hystrix
throughout the Bahamas. The samples were taken at depths from 43{}-616m, the
middle of the known depth range of A. hystrix (22{}-1610m; Serafy, 1979;Young, 1992).
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FIG. 12. Map of the Bahamas Islands showing sites at which B. cubanus has been found in
A. hystrix.

Distribution in the host
Benthoscolex cubanus have been found crawling in the perivisceral cavity ofthe host

(Fig. 2) and at various positions in the gut. The records of animals in the perivisceral
coelom are from our early, less careful, observations and were probably released into
the coelom when the gut was broken. They were found only in the gut in those samples
taken in 1991 and 1992. The gut of A. hystrix consists of a muscular pharynx followed
by two long loops. The first is the stomach region. This makes a more or less complete
circuit of the interior of the test before abruptly turning back on itself and transforming
into the intestine. It is this part of the gut which is visible when the animal is first
dissected (Fig. 2). A siphon connects the junction of the pharynx and stomach with the
beginning of the intestine. Both the stomach and intestine are normally packed with
sediment, amongst which larger items are visible through the gut wall. The worms were
found at various positions in the intestinal loop with the highest proportion lying just
anterior to the anus (Table 2).

This may not, however, be a true reflection of their distribution when in the natural
state, since when kept under laboratory conditions there is a tendency for the worms to
move towards the anus and to exit from it. This tendency is illustrated by the data for
May 1992)(Table 2). Most worms were found at the very rear of the urchin gut with the
head towards the anus. Two exited from the gut during dissection while a third was
have found to have crawled out before processing began. In October 1991 there was a
long gap before processing of this material, due to other commitments, and the
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majority of the B. cubanus exited from the urchin. The only B. cubanus remaining in A.
hystrix was also located near the anus. Where two worms were present in the same host
the larger was always situated near the anus (Table 2).

Mobility
Both small and large individuals were seen moving actively within the gut. Even the

largest worms are capable of turning round in, and undertaking extensive movements
within, the gut. This was well illustrated by an animal discovered with its head close to
the anus which, when gently stimulated with forceps through the gut wall, retreated
backwards and turned round within the gut to move anteriorly.

Gut contents of Benthoscolex cubanus
The gut of B. cubanus consists of a mouth region with pronounced lips leading to a

muscular proboscis, a large pharynx with a heavily folded wall, a central oesophagus
and a large intestine. The gut is a straight tube in small individuals but the oesophagus
forms an S-shaped loop connecting the pharynx with the intestine in larger animals.

The guts of all animals examined (n = 14) contained identifiable material. Most of
this material was found aggregated in the oesophagus, although small quantities were
occasionally found elsewhere in the gut. All gut contents were numerically dominated
by benthic Foraminifera. Thirty-two species were identified from the guts of four
worms. Cytoplasm was often visible in individual foramineferans, indicating that some
at least were alive when ingested. A list of those found is given in Appendix 1.

The objects found in the gut also included occasional fragments of Sargassum sp.
and Thalassia sp. and white-walled balls containing plant material, as well as the
skeletal remains of a wide variety of small animals. The latter included crustacean
exoskeletal material, scaphopod shells, polychaete tubes and sponge spicules. No fine
sediment was ever found in the guts of B.cubanus, although this formed most of the gut
contents of the sea-urchin.

Reproduction

Asexual reproduction
There is no evidence to suggest that asexual reproduction occurs in this species. All

B. cubanus in our samples have been carefully examined for regeneration, particularly
where two individuals occurred in the same host, but no evidence of this phenomenon
has been obtained.

Sexual reproduction
Biopsies established that a considerable proportion of these populations of

B. cubanus contained developing or mature gametes. Of 38 animals examined, 13
were recognizably female, 13 were male while 12 were indeterminate. There was an
obvious relationship between sexual condition and size. Animals < 2·0em in length
could not be sexed by biopsy, and only animals > 3·1em in length were judged to be
mature (Fig. 13).

All animals> 4·1 em length had the coelomic cavity packed with gametes and thus
appeared to be close to spawning. Mature individuals came from samples collected in
May, July and October. There was no obvious difference in overall sexual condition
between the two main samples from May and October.

Mature oocytes were buoyant and had diameters ranging from 100 to 120Jim
(x = 110; n = 25). In histological sections mature oocytes could be seen to have a thick
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FIG. 13. Histogram showing the relationship between size and sexual maturity in B. cubanus.

(6 j.Lm) primary envelope which when examined with the electron microscope appeared
to be made up of a series of layers (Fig. 9). Microvilli can be seen passing through the
primary envelope. The cytoplasm of the oo cyte contains a variety of yolk granules,
including electron-dense lipid material and less heavily stained protein secretions.

Males contained sperm platelets in different stages of development. Smaller animals
contained small rafts of spermatocytes while large animals contained large rafts of
spermatids as well as spermatocytes. These spermatocytes were 2 j.Lm in maximum
dimension. No evidence of tailed sperm was seen. No testes were available for electron
microscopy.

Discussion
Only one other species of Benthoscoiex has been described; B. coecus (Horst, 1912)

from the Indo-Pacific. Hartman (1942) considered that Amphinome microcarunculata
Treadwell was not an Amphinome but may have been a Benthoscolex. It is not known
whether these species are internal associates of other animals. Treadwell's description
suggests that B. microtuberculatus may be conspecific with B. cubanus , but we have not
had the opportunity to examine this material. The distinct and consistent changes in
body shape observed in our specimens agree with Fauchald's remarks (1991) that many
polychaetes demonstrate precise control of the morphological development of the
body. They are not the developmentally plastic organisms that they are widely believed
to be. Th e data presented here dem on str ate that Benthoscolex cubanus is either a
parasite or commensal of Archeopneustes hystrix, and most probably is specifically and
obligately associated with that urch in. It is abundant within individual local
populations of A. hystri x and occurs over a wide geographical area.

In her paper Hartman (1942) noted that the worm was found in the stomach of the
sea-urchin and speculated as to whether B. cubanus was a commensal or an
endoparasite. From the present work it is apparent that B. cubanus does remove food
from the gut of the urchin, and therefore might have a negative effect on the urchin.
However, we cannot be certain that B. cubanus has an adverse effect on the urchin, and
thus we hesitate to call the worm a parasite . If the assimilation efficiency ofthe urchin is
low, or if the worm cats particles indigestible to the urchin, it might be regarded as a
commensal. In fact one could envisage a relationship in which the movements of the
worm stir the gut contents of the urchin bringing material from the centre of the lumen
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into contact with the intestinal wall where it could be more readily absorbed, thereby
benefiting the sea-urchin. The relationship might then even be regarded as symbiotic.
Experimental work is needed before the exact nature of this association becomes
apparent.

Many polychaetes are associated with the outside surfaces of sea-urchins and other
echinoderms; see reviews by Paris (1955), Clark (1956),Barel and Kramers (1977), and
Comely and Ansell (1988), and some of these associations are species-specific and
possibly obligate. Records of polychaetes Iiving inside other animals, however, are rare.
To our knowledge B. cubanus is the only documented example of a polychaete
inhabiting the interior of an echinoid. Only two other similar associations appear to
have been described. Jangoux (1990) gives details of two polychaete-holothurian
associations in which the polychaete is internal and regarded as potentially parasitic.
One of these lives in the coelom but the second, a hesionid studied by Ganapati and
Radhakrishna (1962), parallels B. cubanus closely in that it lives in the intestine of the
holothurian. This polychaete also achieved high infestation levels (50%), and though
most contained only a single large worm sometimes the sea-cucumber contained a
second smaller individual.

Hartman's description of B. cubanus states that it was found in 'a sea-urchin'. It is
plain from our investigations that B. cubanus, in the Bahamas area at least, is
specifically associated with and restricted to Archeopneustes hystrix. Since the range of
A. hystrix includes Cuba, and the host urchins were taken within the depth range of
A. hystrix, it seems likely that the original specimens also came from A. hystrix.

The very high abundance of B. cubanus in A. hystrix indicates that this worm must
have a very effective mechanism of reproduction and recruitment. It also appears well
adapted in other ways to an endocommensal lifestyle.

Benthoscolex cubanus is restricted to the part of the gut where enzyme secretion is
less (Lawrence, 1982) but might still require cuticular adaptation to prevent digestion
by the host. In fact the cuticle of B. cubanus conforms closely to the basic pattern
described for many polychaetes (Storch, 1988)and although comparatively thick and
structurally well organized is not among the thickest known polychaete cuticles.
However, the highly organized arrangement of dense microvillar tips may be an
adaptation for an abrasive regime in the gut. There is no structural evidence to suggest
that the cuticle is adapted for nutrient uptake from the sea-urchin gut. The absence of
any evidence of endocytotic vesicles argues against this function. The cuticle is unusual
in possessing a layer of electron-dense granules in the basal layers of the epicuticle, but
these may be a feature of the cuticle of amphinomids (Storch and Welsch, 1969). The
functional significance of these granules is unclear.

The majority of amphinomids whose lifestyle has been investigated have been
found to be either predatory, carrion feeders, or omnivorous, although members of the
genus Hipponoa may be parasitic in pelagic barnacles (Fauchauld and Jumars, 1979).
All save these latter species are free-living. Herrnodice carunculata may live on sand and
feed on carrion (Marsden, 1963).

The gut contents of B. cubanus indicate that this worm feeds by selecting large items
from among the gut contents of its host sea-urchin. Although most gut contents were
protozoans both plant and animal fragments are selected. Gut content evidence thus
indicates that B. cubanus is an omnivore dependent upon the sea-urchin for its source of
nutrition. There is no evidence to suggest that B. cubanus leaves the host urchin to feed
on the sea-bottom, despite the fact that it is apparently able to leave the anus ofthe sea
urchin without difficulty.
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Benthoscolex cubanus is unusual among amphinomids (Kudenov, 1974) in appear
ing to be reliant upon sexual reproduction for increase in numbers. The evidence
indicates that worms may be mature and capable of spawning at any time of year, but
that only a small fraction of the population is ripe at anyone time. The small size ofthe
egg would indicate that there is a planktonic or benthic larval stage (Olive, 1983:
Eckelbarger, 1988). The high level of infestation perhaps indicates that larval
development takes place in close proximity to the host urchin. This and other aspects of
the reproductive biology of B. cubanus await further investigation.

The evolutionary pressure most likely to have given rise to this unusual lifestyle
seems to be predation. Large errant invertebrates, with the exception of the
echinoderms, are rather uncommon on the bathyal sea floor, and most polychaetes are
infaunal and small. Those megabenthic species present are all protected in some way
against predation. There can be little doubt that predatory pressure would be high for a
large errant polychaete. Thus concealment seems highly necessary, and association
with an abundant mobile megabenthic animal also advantageous. An animal which
lived under a sea-urchin and was able to feed there could clearly be at a selective
advantage. If the feeding habit is similar to that of the urchin so that it can take
advantage of the selective nature of the sea-urchin's food gathering, a double benefit
would accrue. It is noteworthy that the only other large errant polychaete collected by
us was found specifically associated with the oral surface of Linopneustes longispinus.
Clearly a polychaete capable of living inside another megabenthic animal will,
providing that other megabenthic animal does not suffer extensive predation and is
long-lived, reduce its chances of death from predation. Benthoscolex appears to have
achieved such a status.
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Appendix: Foraminifera found in the guts of B. cubanus from Egg Island, Bahamas

Bigenerina nodosaria d'Orbigny
Tristix sp.
Textularia sp.
Alveolophragmium sp.
Textularia conica d'Orbigny
Ehrenbergina sp,
'Bulimina' sp.
Sphaeroidina bulloides d'Orbigny
Quinqueloculina sp. (2)
Cornuspira planorbis Schultze
Cassidulina reftexa Galloway and Wissler
Globocassidulina subglobosa (Brady)
Siponina pulchra Cushman
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Lenticulina thalmanni (Hessland)
Lenticulina orbicularis (d'Orbigny)
Cibicidoides mundulus (Brady, Parker and Jones)
Cibicidoides pseudoungerianus (Cushman)
Valoulerineria sp.
Hoeqlundina eleqans (d'Orbigny)
Buliminella sp.
Amphisteqina lessonii d'Orbigny
Planorbuiina acervalis Brady
Epistoninella sp.
Bulimina sp.
Carpentaria balaniformis Gray
Pullentiatina obliqueloculata Parker and Jones
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