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POPULATION ECOLOGY AND BIOLOGY OF THE PEARLFISH
(CARAPUS BERMUDENSIS) IN THE LAGOON
AT BIMINI, BAHAMAS
C. Lavett Smith, James C. Tyler, and M. Norma Feinberg
ABSTRACT
Sea cucumber hosts of the pearlfish Carapus bermudensis were censused periodically
between May 1972 and May 1973 and more intensively between June and September 1975
in the lagoon of the island of Bimini in the Bahamas. More than 5,500 hosts were examined
and 1,174 pearlfish were collected. Data are presented on standing crop estimates, abundance
and distribution of the host and pearlfish, multiple infestation rates, and pearlfish food habits,
reproduction and recruitment, age and growth, longevity, mortality rates and specializations.

One of the most intimate associations between a vertebrate and an invertebrate
host is that of the pearlfishes-elongate,
hyaline fishes of the ophidioid subfamily
Carapinae-which
spend their quiescent hours within the bodies of molluscan or
echinoderm hosts. All of the known shallow-water species of this subfamily live
as inquilines (commensals) or parasites in holothuroid and asteroid echinoderms
or in bivalve molluscs, while for a few deep-water species such as those of Echiodon no hosts are known and some of these species may be free-living (reviewed
by Trott, 1970; Cohen and Nielsen, 1978).
In the West Indian region only a single species, Carapus bermudensis (Jones),
occurs in shallow water (Arnold, 1956, see synonymy and taxonomic account).
Although its inquiline habit and holothurian hosts are well-known, relatively few
detailed studies have ever been attempted on this species. Linton (1907) published
a brief note on its behavior as it returned to and entered the host. Trott (1970)
presented data on host preference, infestation rates and host locating modalities
in C. bermudensis and other pearlfishes, and showed that in C. bermudensis
entry into the host was about as often headfirst as tailfirst (but related to the
relative size of the fish and host). More recently, Van Meter and Ache (1974)
analyzed homing behavior on the basis of field observations at Bimini and sophisticated experiments in a Florida laboratory, and Miller and Pawson (1979)
commented on the head first entry into the host and emergence under subdued
light conditions. Aronson and Mosher (1951) presented a summary of their extensive studies of the relationship between C. bermudensis and its host Actinopyga agassizi in the Bimini Lagoon. In their short note they emphasized that the
infestation rate varies with location and that several pearlfish are sometimes found
in a single host. Smith and Tyler (1969) presented data on the hosts and food
habits of Bahamian pearlfish.
Life History and Growth Patterns
The complete life history of Carapus bermudensis has not been described, but
it is generally assumed that it is essentially similar to that of the Mediterranean
species Carapus acus as it was presented by Emery (1880), reviewed by Arnold
(1956), and added to by Gustato (1976). In C. acus the eggs are laid in gelatinous
rafts that float freely in the open water. The early larval stages develop into a
vexillifer, characterized by the presence of a branched dorsal filament called the
vexillum. Continued growth and eventual loss of the vexillum produces the tenuis
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stage which is exceedingly long, slender and transparent, and has a long caudal
filament. After an undetermined planktonic period the tenuis enter their holothurian hosts and shrink to about one-third of their maximum length as they transform to their definitive form. After the transformation has been completed they
begin to grow again. Assuming that the head length does not decrease during
transformation, we have used head length as the best measure of size of the
pearlfish throughout its various stages.
Head length, measured from the tip of the snout to the end of the opercle, has
the further advantage of being measurable on nearly all specimens, whereas many
fish have the tip of the tail missing, or, in fewer cases, partly regenerated. Our
plot of total length against head length demonstrates shrinking and subsequent
growth, but it is not reproduced here since it is very similar to comparable graphs
for Carapus acus (Arnold, 1956) and Carapus homei (Smith, 1964).
The behavioral modes of some of the other species of Carapus have been
studied in considerable detail. Hipeau-Jacquotte (1967) worked on the Indo-Pacific C. homei and Emery (1880), Zankert (1940), Padoa (1947), and Gustato
(1976) investigated the Mediterranean C. acus. Gustato concluded that the tailfirst penetration is an instinctive pattern but that locating tlie anal aperture is a
learned response, while the choice of a host is determined by chance.
Carapus bermudensis is common in the lagoon at Bimini. Since it lives nearly
its entire adult life in large sluggish hosts which are easy to locate and collect in
shallow water, it is amenable to accurate censusing. It is therefore an ideal subject
for the study of the population dynamics of a tropical shallow-water fish. In the
present study we have obtained data on seasonal and local variation in population
density, infestation rates, age, growth, mortality rates, reproductive and recruitment phenology, and the food habits of the pearlfish of the Bimini Lagoon.
METHODS

Our field studies were conducted in three phases. From May 1972 through May 1973 (except
November 1972) about 200 samples of 20 to 60 (usually 20) sea cucumbers were collected from various
parts of the lagoon, at relatively regular intervals. At each location the depth, bottom type and an
estimate of the abundance of the hosts were recorded. Each holothurian was slit lengthwise (through
the cloaca) and carefully checked for the presence of pearl fish , which were usually free in the body
cavity (only rarely were they found in one of the respiratory trees). During this phase of the work
4,383 holothurians (about 95% of which were Ac/inopyga) were opened and 852 pearlfish were collected, all from Actinopyga.
The second phase of the study, from 23 June to 10 August 1975, consisted of sampling a series of
standardized quadrats. A frame with rigid corners connected by rope was laid out to form a square,
10 m on a side. All of the holothurians from within the square were collected, counted and opened.
At each site three replicate samples were taken, always adjacent to each other in a north-to-south
line. Sample sites were laid out in a regular grid covering the entire western part of the lagoon
including areas with very few or no sea cucumbers. In this phase of the work 537 Actinopygll hosts
yielded 112 pearlfish.
Finally, on 12 and 13 September 1975,210 pearlfish were recovered from 626 Ac/inopyga taken in
a small area with a high infestation rate in the southwestern part of the lagoon to provide a statistically
useful sample from a single time and location. Thus, our samples of 1972-1973 and 1975 totaled 5,546
Ac/inopyga agassizi which contained 1,174 Carapus bermudensis. In addition, we examined about
200 Holo/huria mexicana from the lagoon, none of which contained pearlfish.
The 1,174 pearlfish are catalogued as AMNH 37385-37416a,b,c; 37418-37592.

Study Area: The Bimini Lagoon
The Bimini Lagoon is a roughly L-shaped area lying in the bend of the North and East Bimini
islands and bounded on its southern edge by South Bimini (Fig. I). At its southwest corner a narrow
channel separates North and South Bimini and forms the entrance to Bimini Harbor, which is the
western part of the lagoon. To the southeast the lagoon opens broadly to the shallows of the Great
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Figure J. The Bimini Islands, showing locations of replicate quadrats (circles) and areas of the
lagoon referred to in the text (numbers),

Bahama Bank. The northern apex of the lagoon is partially walled off by peninsulas and an island,
Big Mangrove Cay. This semi-enclosed area is calle~lJhe Sound. Three other natural mangrove islands
(Alec, Pigeon and Tokas Cays) and an artificial dred~~»Lisland
(Gullie Island) lie in the western
part of the lagoon. Water circulation in Bimini Harbor and the western part of the lagoon in general

SMITH ET AL.: PEARLFISH

BIOLOGY AND ECOLOGY

879

is dependent on tidal flow through the entrance channel, distributed through more or less well-marked
channels as follows: (1) Main Channel, dredged for its northern half, extends from the harbor entrance
to Mosquito Point, the western peninsula that limits the Sound; (2) Big Channel, a large tributary
channel that runs along the shore of South Bimini and joins Main Channel just inside the harbor
entrance, while Big Channel receives a tributary, Massey Creek, which drains a mangrove area of
South Bimini; (3) Brides Channel between Gullie Island and Tokas Cay; and (4) Field Channel between
Tokas and Pigeon Cays. Brides Channel and Field Channel flow roughly east and west and join Main
Channel at their western ends.
Two mangrove-lined marine creeks connect the northern part of the lagoon with open water to the
east. These are Big Creek, which separates North Bimini from East Bimini, and Bonefish Creek,
which runs from opposite Big Mangrove Cay to the southeastern part of East Bimini, where it opens
into a partially enclosed area called Bonefish Hole.
The maximum depth of Main Channel is about 5 m but the tributary channels are all less than 2 m
deep, except at the deeper mouth of Big Channel. Most of the rest of the lagoon is from 0.5 to I m
deep at mid-tide. Current velocities in Main Channel can be as great as 3 knots. The bottoms of at
least the lower reaches of the channels are swept clear of loose sediments and consist mainly of firm
limestone with numerous ledges and crevices.
Some areas have numerous massive sponges such as /rcinia strobilina (stinkers) and Spheciospollgia I'esparia (manjack loggerheads) and low helmet-shaped colonies of yellow coral Porites
astreoides, while the branched finger corals Porites spp. are locally abundant in mixed association
with rich sponge and algal communities. Sea urchins (Diadema) are common to abundant; like Actinopyga agassizi they often wedge themselves into crevices around the bases of sponges and corals.
Outside of the channels the bottom consists of unconsolidated sediments with occasional rocky
outcrops which may be either swept clean or covered with a thin layer of loose sand. Much of the
lagoon floor is covered with dense turtle grass (Thalassia testudinum) and manatee grass (Syringodium filiforme) or stands of mixed algae. These plant communities are discussed and illustrated by
Multer (1971), particularly in the contained article by Hay, Wiedenmayer and Marszalek (pp. 66B66T).

Host Preference
The preferred host of Carapus bermudensis is Actinopyga agassizi (Selenka),
but some other holothurians can also serve as hosts. Ancona-Lopez (1956) reported C. bermudensis from a species of Thyone from off the coast of Brazil,
Smith and Tyler (1969) found it in Isostichopus badionotus (Selenka) in water
depths of about 30 m in the Bahamas, and Trott (1970) noted that the pearlfish
occurs rarely in Astichopus multifidus (Sluiter) and Selenkothuria glaberrima
(Selenka) (now placed in Holothuria, see Rowe, 1969) in the Bahamas. Dawson
(1971) and Haburay et al. (1974) reported it from Theelothuria princeps (Selenka)
(now placed in Holothuria) in the northern Gulf of Mexico, and Miller and
Pawson (1979) found it in Holothuria lentiginosa in water depths of 75-80 m
off the east coast of Florida. Trott (1970) also presented data on the occurrence
of C. bermudensis in Holothuria mexicana Ludwig in the Bahamas, Puerto
Rico and Florida. At most localities the pearlfish was absent from this species
or occurred in only insignificant numbers, but at Aklins Island in the southern
Bahamas, Trott found the infestation rate in Holothuria mexicana to be 13%.
We did not find it in approximately 200 Holothuria mexicana that we examined
from the Bimini Lagoon and we conclude that Actinopyga agassizi is the
normal host and that the other species of the Class Holothuroidea are occupied
only when Actinopyga is rare or absent. All of the above host genera are of
the Order Aspidochirotida, except for Thyone, of the Order Dendrochirotida.
Host Ecology
Three species of large holothurians are common in the region of the Bimini
Lagoon: the aspidochirotids Actinopyga agassizi (Selenka) and Holothuria mexicana Ludwig, and the apodid Euapta lappa (J. Muller). Of these, Actinopyga
is the most abundant and 99.4% of the total number of holothurians sampled
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during the 1975 quadrat surveys were of this species. In the area of Bonefish
Hole, however, where neither Actinopyga nor Holothuria is particularly abundant, Holothuria mexicana appears to predominate, while Euapta is relatively
common in the tidal creeks of East Bimini where both Holothuria and Actinopyga
are essentially absent. No pearlfishes were found in approximately 50 Euapta
sampled and it appears that this thin-walled species is not a suitable host. A
fourth species of holothurian (not identified by us, but with thick walls like Actinopyga and Holothuria) is rare in the lagoon. Eight specimens were examined
but none contained pearlfish.
Most of the Actinopyga in the Bimini Lagoon are between 150 and 300 mm
long when normally expanded and smaller individuals are rarely seen. Possibly
this indicates a long life cycle and low turnover rate. We did not observe predation
on sea cucumbers during this study. Individuals left unattended in aquaria for
periods up to 6 months appeared to remain in good health. Although Actinopyga
will eviscerate when roughly handled or exposed to drying, low oxygen or high
temperature, none of the individuals we examined showed evidence of having
eviscerated prior to being collected. Apparently evisceration occurs only under
extreme conditions that are seldom encountered in the Bimini Lagoon. Trott
(1970) also noted that he did not find eviscerated individuals in situ.
Actinopyga occurs in a variety of habitats within the lagoon from dense sea
grass beds to irregular hard rocky outcrops and stands of finger corals and
sponges. The densest populations, 'however, occur in the vicinity of channels
where there is considerable water movement due to tidal flow.
At each site for the 62 quadrat samples we recorded location, depth of water,
and bottom type as; algae; abundant or sparse sea grasses; rock, open or sparse
sand; low, massive, or mixed sponges; and branched Porites or mixed corals.
Some areas contained more than one bottom type, in which case the sample was
tabulated for each substratum that was present.
An initial analysis of variance showed that host abundance was significantly
related to location of the samples, bottom type, and depth. Infestation rate was
not significantly related to location, bottom type or depth; however, it was significantly related to abundance of the host.
Actinopyga is nocturnally active and individuals encountered during the day
are nearly always motionless, often tightly wedged into crevices under rock ledges
or around the bases of sponges or corals. At night, however, they move about
slowly but freely in search of interstitial food. To determine the extent of such
movements we tagged a number of individuals. Tagging presents considerable
difficulty because the tags are shed readily. Plastic cable ties (polyethylene strips
about 1 mm thick and 5 mm wide with locking ends) were threaded through two
10 mm slits in the body wall about 25 to 50 mm apart and locked. To increase the
visibility of these tags a length of bright yellow plastic sleeve was slipped over
the pale translucent cable tie. These tags were shed through the body wall in a
few days but only a small proportion of them were lost in the first 24 h.
On 15 May 1975, 20 marked individuals were released near a marker buoy
north of Massey Creek. The next day 18 were recovered: 8 within 3 m of the
point ofrelease, 5 between 3 and 7 m, 4 between 7 and 10 m, and one 12 m away.
Although a careful search was made within a radius of 22 m from the release site,
the other two were not found and we believe that they simply were overlooked
among the 50 or more untagged individuals in the area or had shed their tags.
These movements are consistent with our observations that areas from which all
of the holothurians were removed were repopulated from adjacent areas in a few
days.
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Movements of Actinopyga seem generally to be random, although sometimes
groups of holothurians appear to move in one direction for periods of a week or
more, during which time they may travel as much as 100 m.
Distribution of Pearlfish in the Bimini Lagoon
Since the pearlfish occur only in the holothurian hosts, their distribution can
be coextensive or less extensive than that of the hosts but never more so except
as planktonic early stages. On a broader scale Trott (1970) studied the infestation
rates at several localities in the tropical western Atlantic. Wherever he examined
40 or more hosts the infestation rate ranged from 17 to 70% in the Bahamas and
about 2% in Florida. It has been our experience that where the host Actinopyga
is so common that we had difficulty finding more than four or five sea cucumbers in a 30-minute search we often would not find any pearlfish. This suggests
that there is some sort of threshold density of hosts that is necessary to maintain
the pearlfish population or, alternatively, that the factors that favor a high population density of pearlfish are the same as those that favor a high density of
hosts. We believe that our observations in the Bimini Lagoon support the latter
hypothesis.
Our preliminary survey revealed that Actinopyga was most abundant in the
western part of the lagoon. It was present in small numbers in Bonefish Hole but
was virtually absent from the tidal creeks of East Bimini, the Sound, and the
eastern part of the main lagoon. In order to obtain quantitative data on the abundance of the hosts and pearlfish, we established a grid system of quadrat sites
that covered the area of greatest abundance and extended far enough to include
the normal limits of occurrence of the hosts (Fig. 1). Using the data from the
quadrat samples we constructed "contour maps" with isopycnic lines enclosing
regions of equal density of the hosts, and, separately, the pearlfish. The areas
enclosed by each isopycnic line were measured on the maps with a compensating
polar planimeter, then the areas between each pair of lines were computed and
multiplied by the average density. Finally, the results were summed to provide
an estimate of the total standing crops of hosts and pearlfish. In round numbers
these totals were 128,000 Actinopyga hosts and 23,600 pearlfish. The fact that
we had removed more than 5,500 hosts with no obvious effect on the population
also leads us to believe that there was an extremely large number of sea cucumbers present in the lagoon, and our calculation seems to be a reasonable first
approximation.
The greatest density of hosts was in the southwest part of the lagoon close to
Main Channel and its major tributary channels (Fig. 2a). Density decreased northward and eastward but sea cucumbers were found in low numbers northward in
the lagoon almost to Mangrove Cay and somewhat to the east of Gullie Island
and Tokas Cay. There is an indication of one or two disjunct populations east of
the cays, probably related to water flow through Big Channel and Field Channel.
The plot of pearlfish distribution (Fig. 2b) reveals a more restricted distribution.
The greatest abundance of pearlfish is also near the entrance to the lagoon, but
there are at least five centers of abundance separated by areas where pearlfish
are virtually absent, all within the area occupied by the hosts.
The distribution of infestation rates (Fig. 2c) presents a still different picture.
We calculated infestation rates by dividing the number of fish recovered from a
quadrat by the number of hosts collected in that quadrat. The isopycnic lines are
based on the average infestation rate for the three replicate samples at each
quadrat site. Thus, in the case of the highest infestation rate on the figure, only
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Figure 2. Isopycnic lines plotted from the 1975 quadrat samples: A, density of sea cucumbers; B,
density of pearlfish; C, infestation rates. Density is given as average number of individuals per 100 m2
(3 replicates); rates are number of fish divided by number of hosts (averaged for 3 replicates).

one host was taken in three quadrats but because it contained ten fish the average
infestation rate for that site is 333%. The high incidence of multiple infestations
(i.e., more than one fish in a host) is near the periphery of the range of the hosts
and shows as an increase in infestation rate with increasing distance from the
center of host abundance.
It has not been determined if individual Carapus bermudensis return repeatedly
to the same individual host, but there is a highly significant difference (P ~ .001)
in pearifish size among the various areas of the lagoon (Table 1). The smallest
fish were found in Areas 1 to 3 while the largest fish were found in Areas 4 and
5, which are farthest from Main Channel and the open ocean. Our interpretation
is that the young drift into the lagoon from open water and become established
in hosts near the entrance in Areas 1 to 3 (Fig. 1). Over their life span, some of
the fishes gradually move into hosts farther into the lagoon, away from the open
water source. We interpret this to indicate that fish do not necessarily return to
the same host after each feeding foray, although they may often or even usually
do so. It is doubtful that sea cucumber migrations within the lagoon are consistent
enough to account for the geographic pearifish size differentials.

Table I.

Average head length of pearlfish from different areas of the Bimini Lagoon
No. Fish

Average Size (mm)

I
2
3

511
144

4

14
102

11.36
11.34
11.36
13.29
12.65

Area

34

5

805

ANOVA: f.ool (6,
Total
Treat
Error

(0) = 3.74

55
55
55

14,946.11
435.17
14,510.94

f = 3.9935***
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Occasionally a host from a part of the lagoon where there are no other hosts
nearby will contain a pearlfish. In such cases it seems likely that the fish stay
with the same host for considerable periods of time.
Multiple Infestations
Aronson and Mosher (1951) reported finding as many as four Carapus bermudensis in a single host in the Bimini Lagoon. The largest number of pearlfish
ever reported from a single host is 15 Carapus mourlani, recovered by MeyerRochow (1977) from the sea cucumber Bohadschia argus Jaeger at Banda Island
in the South Moluccan Sea. Those pearlfish ranged up to 165 mm total length and
one contained a 16th pearlfish in its stomach. Meyer-Rochow postulated that this
high incidence might be due to a lack of hosts (the preferred host of C. mourlani
is a cushion starfish, Culcita) or possibly a breeding aggregation.
Of the 5,546 hosts we examined, 4,404 had no fish, 1,127 had 1,9 had 2,4 had
3, I had 7, and I had 10. The observed distribution is highly significantly different
from a Poisson distribution (P <:;:; .005; Komogorov-Smirnov test). The deviation
occurs because of the extremely small expected frequencies of occurrence of 7 and
10 fish, respectively, with the Poisson (1.6 x 10-5 and 2.1 x 10-10, respectively) as
compared to the observed (1 and I, respectively). The coefficient of dispersion
(S2/Y) is 0.96, indicating a slight repulsion effect, and this is most obvious in the
extremely low frequency of the occurrence of two fish in one host (observed
instances 9; expected cases 99.13). Apparently, pearlfish avoid hosts that are
already occupied, or, if they do not, one eats the other.
Our data do not rule out the possibility that multiple infestations represent
breeding aggregations, but in at least 3 of the 9 cases where 2 fish occurred in
one host the fish were of the same sex; in one case they were both males and in
the others they were females (in several cases the pairs were not kept separate
from the rest of their respective collections, so the sex of the partners is unknown).
The holothurians with 7 and 10 pearlfish were both collected in an area east of
Gullie Island where hosts were scarce. Both were the only holothurians taken in
three 100 m2 quadrats. Our findings therefore support the hypothesis that multiple
infestations are the result of pearlfish wandering into areas where the hosts are
scarce and seeking shelter in hosts that are already occupied. Pearlfish are frequently found with small (tenuis stage) pearlfish in their stomachs, hence it is not
surprising that whenever more than one pearlfish is found in a single host they
are usually larger fish of similar size.
Table 2 lists the sizes and sexes of the pearlfish and their dates and localities
of collection in the cases of multiple infestations.
Seasonal Variation In Infestation Rates
During 1972-1973 we sampled different parts of the lagoon on a rotation basis
in order to minimize the effect of our removing the hosts (Fig. I). Unfortunately,
the result of this approach was that some parts of the lagoon were sampled only
part of the year and the local variation in infestation rates masks the seasonal
changes in spite of the fact that we made 200 collections from limited areas
between 10 May 1972 and 16 May 1973.
We have plotted (Fig. 3) the maximum infestation rates (number of pearlfish
divided by number of hosts in the sample) encountered each month in five areas
of the lagoon. We have used the maximum infestation rate as the index of seasonal
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Date, locality, head length and sex of pearlfish collected as multiple infestations
Sex
Date

Area

20-V-72
27-V-72
2-VII-72
19-I1I-73
4-VI-73
IO-IV-73
IO-IV-73
24- VII-75
2-VIII-75

I
5
5
2
I
4
4
4
6

19-IV-73
2-VIII-75
2-VIII-75
\3-IX-75

5
6
5

Sizes (mm)'

Two in One
Not kept separate
Not kept separate
Not kept separate
I

\3.5; 16.1
16.9,17.7
19.6; 18.9
14.2, 15.4
16.6; 16,2
17.5, 18.3

2
I

1

2
I

1

2

Three in One

]

16.4, 17.5;
14.5, 18.2;
14.1,16.7;
15.2,16.4;

18.7
18.6
16,7
15.1

2
2
2

2

Seven in One
24- VII-75

6

15.6,17.7,18,8,
19.3;
15.4, 16.9, 17.8

2-VIII-75

6

\3,1, 14.1, 14.3, 14,5,
14.8, 15.1, 16.2,
16.7,16.7;
19.1

4

3

Ten in One
9

• Females listed first. before semicolon.

abundance because the small number of collections from each area makes averages unreliable. The maximum rates for each month came from Area I.
Infestation rates were low in all areas in June and increased during July and
August. A slight decline in September and October was followed by higher rates
in December and January (no samples for November). February and March
showed a slight decline before the highs for the year in April. There was a sharp
decline in May although the 1973 May maximums were above those of May 1972,
probably because four of the five 1973 samples were from the region of highest
density.
Although these samples are by no means conclusive, they do indicate two
periods of high recruitment: one in July and August, and the other in December
(November?) through March. This will be corroborated in the following sections.
Food Habits
The stomachs of 846 preserved specimens from the periodic samples, 112 specimens from the quadrat studies and 208 specimens from the intensive September
collection were examined and the food contents identified as precisely as possible.
All of the pearlfish specimens were preserved by dropping them directly into 10%
formalin as soon as they were removed from their hosts. Enough stomachs contained food to give at least a general picture of the food habits of the species.
Results of the analyses of the stomach contents from the periodic samples are
summarized in Figure 4. Most of the food items appeared sporadically with little
suggestion of seasonal changes in abundance (shrimp identifications were based
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Figure 3. Seasonal variation in maximum infestation rate for areas 1 through 5, 1972-1973. Height
of bar shows maximum infestation rate encountered among each month's samples; numbers at tops
of bars are the numbers of samples taken during that month.

on the work of Holthuis, 1955, and Chace, 1972). The following shrimps were the
predominant prey:
Decapoda, Suborder NatantiaSection Caridea
Palaemonidae: Periclimenes, Periclimenaeus,
Palaemonetes,
spp.
Alpheidae
Synalpheus sp.
Hippolytidae:
Thor, Latreutes, Hippolyte spp.
Section Stenopodidea
Stenopodidae: ?Stenopus sp.

?Pontonia

Caridean shrimps are the most important and consistent food items (in terms
of numbers, but not necessarily in weight or volume; Trott, 1970, found unidentified shrimps to be the dominant food taken). Approximately 70% of the identifiable caridean remains was Periclimenes spp. Excluding samples in which all
of the stomachs were empty, only those from 12 January, 27-28 October, and 29
December lacked definitely identified carideans but in those three samples some
stomachs contained unidentifiable remains that could have been carideans. In all
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Figure 4, Seasonal changes in the stomach contents of 846 pearlfish collected during 1':172-1':173, and
also (upper right) the stomach contents of 208 pearlfish taken 12-13 September 1975 (labeled 1975
combined collections),
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but one of the other samples at least 65% of the stomachs with food had some
carideans. In the 2-3 October sample only 33% of the stomachs contained carideans.
Amphipoda.-Predation
early April to mid-May
October and December.
that at times they were

on amphipods seemed to be concentrated in two periods:
and mid-July to mid-September. Some were taken in late
As many as 16 were found in a single stomach, suggesting
an abundant and easily available food resource.

Decapoda, Suborder Reptantia, Section Macrura, Callianassidae.-Ghost
shrimps
appeared in small numbers in January, February, April, and July. They were
never abundant and occurred in 11% or less of the stomachs containing food.
Isopoda.-The
isopods from these samples have been studied by Schultz (1979).
Two families are represented by a single species each: Accalathura crenulata
(Anthuridae) and Exocorallana warmingii (Exocorallanidae). Isopods occurred
sporadically throughout the year except April through June, and August.
Stomatopoda, Squillidae.-Stomatopods
were identified by the comb-like second
maxilliped. They occurred only in the samples of 8 February, 28 July-3 August,
and 13-14 December.
Copepoda.-Copepods
form a relatively insignificant part of the diet and were
only found in the samples from August, September, February and April.
Annelida and Acanthocephala.-The
remains of one larval spionid polychaete
annelid and one juvenile acanthocephalan (for which the fish was probably a
transport host) were both found in April samples.
Ostracoda.-Ostracods
were also an insignificant component of the diet. They
were found in samples from August, December and April.
Miscellaneous.-Mysid
shrimps, rotifers, a dipteran larva, unidentifiable crustacean fragments and an occasional piece of coral debris were obtained. Because
this category includes diverse organisms it dominates the food of some samples
but shows no consistent pattern.

Fish Remains.-Only
two genera of fishes appeared in the stomachs: lenkinsia
(a small herring) and Carapus. lenkinsia were taken in samples from April, May,
July and January. Juvenile and adult Carapus were eaten in April and May. No
tenuis stages were found in our samples, but Smith and Tyler (1969) reported a
collection of 113 adult pearlfish from Egg Island, Bahamas, in which 19.5% of
the stomachs contained the remains of tenuis larvae. Our reexamination of those
specimens reveals that this percentage can be subdivided as follows: tenuis larvae
13.3%; recently transformed larvae 5.3%; and both larvae and postlarvae 1.8%.
Clearly, cannabalism is a major feeding pattern at some times of the year and
imposes a density dependent limitation on the pearlfish population.
During the summer of 1975, 112 pearlfish were collected from measured quadrat
areas in the lagoon. All holothurians within the grids were taken, and therefore
every pearlfish in the area was checked. The stomachs of 105, or 93.8%, were
empty. The few that contained food had the usual natantian shrimps (including
Periclimenes), amphipods, anthurid isopods, reptantian remains and what may
have been a stomatopod. During a roughly comparable period in 1972 (13 June
to 3 August), 62 out of 76 stomachs, or 81.6%, were empty. Possibly this difference reflects the lower mean temperature during 1975 (Fig. 5), as discussed in
the section on reproduction.
A single large collection of 210 Carapus was made in three parts during 12-13
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September 1975. By chance the time of year coincided with the peak of feeding
activity in 1972 (Fig. 7). The profile of food items found (Fig. 4 inset) is more
similar to that for the corresponding 1972 period (afternoon collections, 15-16
September) in its major items than it is to any other, with the possible exception
of the 13-14 December period. When the three collections for 12-13 September
1975 are combined, however, the 51.4% of stomachs with food is not as high a
feeding peak as the two major peaks in the 1972-1973 "year," and the composition
of food items is slightly different.
These data do not appear to show any clear-cut seasonal patterns nor any clear
preference for particular types offood other than caridean shrimps. We therefore
conclude that C. bermudensis is an opportunistic carnivore that preys on whatever food is most abundant and easily available. It appears that all of the food
items except the conspecific fish were captured outside of the host. Other species
of Carapus also have been reported to feed on fishes and crustaceans (Emery,
1880; Smith, 1964; Trott, 1970). There is no evidence that C. bermudensis ever
feeds on the tissues of its host.
Time and Frequency of Feeding.-Most
and probably all of the feeding is done
at night (Aronson and Mosher, 1951; Trott, 1970; Van Meter and Ache, 1974),
for Carapus was never observed during daylight in the Bimini Lagoon during
more than 600 man/hours of underwater searching in conjunction with collecting.
Emery (1880) maintained that C. acus is a nocturnal feeder, abandoning the host
to seek food or at least poking its head and part of its body out and feeding from
ambush. One might expect, therefore, to find more full stomachs in samples taken
in the morning than in samples from the afternoon. Our data, however, do not
support this (Fig. 6). The percentage of empty stomachs was lower in the afternoon in 2 out of 10 samples, higher in the afternoon in 3 out of 10 and about equal
in the other 5 samples for which we had both afternoon and morning collections.
The explanation for this apparent paradox seems to be simply that pearlfish feed
rather infrequently.
The proportion of stomachs containing food is quite low in all of our samples.
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were all empty, while on June 8, 3 stomachs from morning collections were empty and 2 from the
afternoon contained food.

While this could be a reflection of food loss due to regurgitation during capture
and preservation, we have never observed this. A further indication that regurgitation is unlikely is the observation that food was never present in the mouth
or esophagus and that most of the stomachs containing food were firmly and
neatly packed with no indication that there had been a partial loss of contents
(Trott, pers. comm., had similar experiences with Carapus, but found that En-

cheliophis frequently regurgitated when collected and preserved). Of the 30
groups into which the periodic samples were divided, only 7 had more than 25%
of the stomachs with food, and only 3 had more than 50% of the stomachs with
food. Since the fact that there is no apparent difference in the number of full
~tomachs or the degree of digestion in afternoon compared with morning samples
indicates that digestion requires more than one day, it would seem that more of
the stomachs would have had food if the fish fed every day or two. We therefore
believe that the empty stomachs are a reflection of the infrequency of feeding.
Our observations of captive pearlfish lend some additional support to this interpretation. On 20 May 1972, 6 pearlfish were removed from their hosts in the
field, placed in covered containers to protect them from direct sunlight and
brought into the laboratory within 15 min of the time of capture. These fish were
placed in individual aquaria each already containing a single Actinopyga that had
been collected from the northern part of the lagoon where infestation rates are
extremely low and kept for a few days to acclimatize to aquarium conditions.
One fish entered its new host about a half-hour later, entering tail first without
any preliminary nosing of the anal region of the host. Five hours after introduction
two more fish were in the hosts and two more had entered an hour after that.
The last pearlfish was in its host by nine hours after introduction, at which time
the sun was setting. The aquaria were observed frequently over the next several
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Figure 7. Seasonal variation in percentage of pearlfish stomachs containing food, 1972-1973, Numbers above uppermost horizontal line indicate the number of stomachs examined; where no bar
appears all stomachs were empty,

days during daylight and dark hours and none of the pearlfish were seen outside
of their hosts. Single hosts were sacrificed on the 6th and 9th days and the fish
were in vigorous condition, as were the remaining four in hosts sacrificed after
12 days. None of the fish showed any sign of emaciation.
On another occasion, two fish were placed in an aquarium with a host that had
been collected from a part of the lagoon with a high rate of infestation. Nine days
later the host was opened and three pearlfish were present and apparently in good
health. In a further experiment, however, a pearlfish was placed with an Actinopyga that was known to contain a pear]fish and when the host was opened 6
days later one pearlfish had eaten the other. From the perfect condition and
apparently not at all digested state of the pearlfish that had been eaten, we estimate that the two fish had lived together for some time before the cannibalism
occurred (even in light of the relatively slow digestive rate we postulate for this
species). If we are correct in our interpretation that cannibalism did not occur
until some days after the second pearlfish entered the host, it would appear that
the predation was due to hunger and not the result of an established individual
protecting its territory by eating an invader.
From these few observations it appears that pearlfish experience little or no
difficulty entering a new host, that they can live without food for several days,
that they can remain in the hosts for extended periods without emerging, and that
when they do emerge it is at night.
Periodicity of Feeding.-The
proportion of stomachs containing food appears to
show cycles that are not related to the frequency of feeding by individuals, but
indicates a tendency for pearlfish to feed at the same time. If there were no
synchronization of feeding a small but constant proportion of the stomachs would
contain food. Our data, however, show two major peaks: one in August and
September, and the other in April (Fig. 7). These appear to be correlated with
peaks of reproduction.
There are also minor supplemental peaks at intervals of 15 to 24 days, with
other peaks at intervals of 36, 44, 56 and 61 days. Although our samples are not
completely regular, it appears that the basic cycle is approximately 19-20 days
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and that the 36,44,56, and 61 days are multiples of the basic cycle. We are at a loss
to explain this apparent cycle on the basis of environmental parameters known
to us that might affect either the pearlfish, sea cucumber or prey.
Reproductive Biology
The gonads of a total of 808 pearlfish were examined microscopically for sex
and reproductive condition: 493 were from the 13-month periodic collections of
1972-1973, 109 from the 1975 quadrats and 206 from the intensive collections of
12-13 September 1975. The gonad s of the tenuis larvae and of some of the transforming individuals could not be found and for a very few others the sex could
not be determined.
The bilobate testis is located between the stomach and the swimbladder, closely
applied to the posterior part of the spleen. Its size varies slightly with age and
reproductive state; during active spermatogenesis whitish, branching tubules can
be seen through the clear tunica. The ovary is an unpaired, sac-like organ lying
posterior to the stomach and next to the swimbladder. It is hollow, with villiform
cords of germinal epithelium extending from the dorsal wall into the lumen, each
bearing ova in various stages of development. As the ova mature they enlarge,
become yellowish, and are easily visible through the distended ovarian wall.
Gonoducts of both the ovary and testis curve forward to the anal region in the
isthmus anterior to the anal fin.
After a preliminary evaluation based on gross appearance, series of selected
stages of gonads of each sex were sectioned at 7 or 9 /Lm and stained with
Mallory's trichome for histological examination. These slides are catalogued as
AMNH173H-193H. All of the gonads were then reclassified using the following
categories based on size, form, color, and texture of the whole organs:
Stage O.
Stage I.
Stage
Stage
Stage

Stage

Stage

Stabe

Immature ovary or testis. Extremely small and nearly transparent.
Virgin, inactive ovary or testis. Somewhat larger but still nearly
transparent.
II.
Ripening but still small ovary or testis, just beginning to show some
opacity internally.
III.
Large ripening ovary or testis. Differs from the previous stage chiefly
in size and in being somewhat more opaque. Oocytes and tubules
visible through the clear tunica.
IV.
Ripe ovary or testis. Still larger with oocytes clearly visible in the
ovary. Tips of tubules appear whitish in testis. Presumably this is a
short stage just before spawning.
V (IVa for males). Spawning ovary. This stage is characterized by a copious
slime which remains even after months of preservation. Presumably
this slime will become the gelatinous matrix of the egg raft to be
released by the female. We were unable to distinguish a similar phase
for the males, hence the male equivalent is the later part of stage IV
(IVa above).
VI (V for males). Spent ovary or testis. Post-spawning ovaries have thick
walls and are opaque and somewhat smaller than slimy ripe ovaries.
Spent testes are smaller than ripe testes and resemble stage IVa but
were assigned here if both the testis and the male were large.
VII. Quiescent mature ovary or testis. This is uncertain since we found
no reliable criteria to distinguish individuals that had never spawned
from those that had spawned and been inactive for a considerable
period. Fish were therefore assigned to this category on the basis of
their large size and small gonads.
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Size and Gonadal Condition.-We have plotted the average size (head length) of
fish against the stages of gonad maturity (Fig. 8). Stages 0-111 are correlated with
increasing size, hence we consider them to be immature stages. Stages IV-VII,
however, show no relation to size and apparently represent degrees of sexual
readiness of adult fish. Stage IV is achieved by fish whose average sizes are 16.13
mm head length for males and 15.47 mm for females. This corresponds to the
average size at age 3+ (Tables 3-4).
Seasonality.-Sex
and stage of gonadal development were recorded from specimens taken each month during 1972 and 1973 (Fig. 9). SexuaIly active adults were
present in small numbers throughout the year, with some indication of increases
in the proportion of ripening and ripe individuals (Stages IV-VI) in April through
May and October through January. This was followed by higher proportions of
post-spawning individuals (Stage VII, not plotted in Fig. 9) in June and JanuaryFebruary and suggests two spawning peaks per year.
The coIlections from June through September 1975, however, present the somewhat different picture of a spawning peak during July and August (Fig. 9).
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Tenuis and transforming individuals were collected throughout the year and
were most abundant in January, February, July and September. This suggests
that increased spawning activity is followed 2 to 5 months later by an increase
in recruitment by postlarvae. Dr. Edward Brothers (pers. comm.) examined the
otolith of a specially preserved 87 mm individual and counted approximately 85
daily increments between the nucleus and the first discontinuity, which also suggests a larval period of approximately three months.
Thus, the sexual condition of the adults, the presence of newly transformed
larvae and the size-frequency peaks all suggest a weak seasonality that is apparently not consistent from year to year. Certainly there is no evidence of a consistent or clearly defined single breeding or recruitment season annually.
We have not collected the vexillifers of Carapus bermudensis but we have
taken tenuis larvae both in the hosts and free swimming at the water surface at
night as they were attracted to bright lights. Collection dates, localities and measurements of tenuis and transforming larvae are presented in Table 5. Tenuis
larvae were collected from sea cucumbers in January, February, April, July,
September and December. Although we have no November samples from the
Bimini Lagoon, we previously had found tenuis to be common at Eleuthera in
November 1964 (Smith and Tyler, 1969). It appears, therefore, that recruitment
occurs throughout the year. However, there is some indication that tenuis are
more abundant in July, when 5% of the pearlfish collected were tenuis or transforming individuals, and again in January and February, when 3 and 4%,
respectively, of the fish caught were tenuis. These peak recruitment periods apparently can be followed through the size-frequency shifts seen below.
Age and Growth
Age and growth are difficult to study in tropical fishes but our periodic collections taken from May 1972 to May 1973 are amenable to size-frequency analysis.
Head lengths from each collection were grouped by O.5-mm intervals and plotted
as histograms (Fig. 10). In order to achieve adequate sample sizes the collections
were pooled by approximately 2-month intervals, although the actual groupings
were determined by the dates of the collections. For example, because of a hiatus
in COllecting during mid-February, the collections from early in the month were
grouped with those from late December through January while those from late
February were pooled with the March collections.
For each group of samples cumulative frequencies were computed and graphed
on probability paper following the method of Harding (1949) and Cassie (1955).
With this technique simple normal distributions produce straight lines while distributions that are a mixture of two or more normal curves yield figures consisting
of straight line segments separated by inflection points. Once the inflection points
(to which valleys in histograms often correspond) have been located, cumulative
frequencies are calculated separately for each straight line segment and replotted.
The results will be a series of straight lines for each of the normal curves that
was included in the original distribution. Points from the region of overlap will
not lie on the straight line but can be adjusted by assigning proportional parts of
the observations to each of the overlapping curves, as outlined by Cassie (1955).
The probability paper technique not only identifies the modes but provides an
estimate of the percentage of the original distribution that should be attributed to
each peak, as well as of the mean and standard deviation of each segment. The
proportion of the original distribution contributed by each included normal distribution is indicated by the cumulative frequencies between each inflection point
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on the original plot; the mean is indicated by the level at which each of the
individual plots is crossed by the 50% probability line. Standard deviation is the
difference between the mean and the value where the line is crossed by the 15.87
or 84.13% probability lines.
All of the periodic samples of 1972-1973 and the large collection from September 1975 show three major peaks in the histograms, and one to three smaller
peaks each containing less than 10% of the total observations. Figure 11 is a summary of our interpretations of the histograms. In this figure ages are based on
calendar years; i.e., each fish becomes a year older on January 1. In the July and
August sample there are minor peaks at 4.5 and 7.0 mm head lengths. These peaks
are traceable through April 1973. We interpret these to be 1972 recruits apparently
representing two periods of settling of newly transformed larvae. A strong peak
at 9.3 mm in the July-August sample representing 60% of the individuals corresponds to the lower peak of the 1972 recruitment but of course shows the 1971
year class. There does not seem to be a 1971 mode corresponding to the upper
1972 mode, suggesting that in 1971 there was only a single successful recruitment
period. From the adjacent samples we would have expected this second mode to
be around 11.5 mm. The 9.3 mm mode in the July-August sample is traceable
through the December-early February sample. Less pronounced modes are identifiable for each age class through IV (1969). Thus, we believe that there are
usually two periods of heightened recruitment each year and that the expected
life span is usually 3 years with only a few fish living past the fourth year.
January sizes for each age class extracted from Figure 11 are given in Table 3.
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the following

January

8.5

6.0

by January

and Ju]y recruits

II

III

IV

13.0
] 1.5

15.6
14.2

17.2

The calculated von Bertalanffy curves based on these data are:
Lt
Lt

=

=

19.16(1 22.03(1 -

e-·55(!+.061)
e-.40(!+.002»).

Although the largest individuals are males (Trott, 1970, reported that his largest
male was 160 mm and the largest female 130 mm) we found little significant
difference between the lengths of males and females of most age classes. Table 4
presents the results of a T-test for each year class in the large September 1975
sample.
The largest fishes (ca. 16.6 mm head length and 125 mm total length) are predominantly male, but there are no significant differences in male-female lengths
in Ages I and II and only marginally significant differences in the sizes of males
and females in Ages III and IV. However, there appears to be differential survival
at older ages, so that the proportion of males increases with increasing age and
size.
The large samples from April, December-early February of 1972-1973 and September 1975 each containing more than 200 individuals were used to compute
instantaneous mortality rates, using the method of Jackson (Everhart, Eipper and
Youngs, 1975). The resulting estimates of Z in the equation Nt = Noe-z1 were,
respectively, 0.70, 0.55 and 0.47. Year class 0 is not fully recruited from the
planktonic stage into the inquiline population; individuals with a head length of
less than 8 mm are either recently transformed or transforming tenuis larvae.
Some Thoughts on lnquilinism
The inquiline way of life must surely be a specialization, but it is unlikely that
it arose in a single step. It is instructive, therefore, to consider some of the
progressive steps that led to the habit as we see it today in Carapus and to ask
why it arose in this particular ophidioid line and not in some other groups, such
as the eels or blennies. The term inquiline as used here is in the endocoelous
sense of Dindal (1975) and is equivalent to the term commensal as used by Trott
(1970).

Tab]e 4.

Mean head length (mm) of pearlfish

from the September

]975 intensive

collections

Age Class
II

Y9

Yo
N 9

No
df
t

P

7.83 ± 0.48
8.00 ± 0.10
6
5

9
0.76
>0.4

10.97 ± 0.83
]1.]1 ± 0.82

49
62
109
0.88
>0.4

III

14.51 ± 0.50
]4.89 ± 0.47

13
12

23
1.98
0.1> P > 0.05

IV

]6.40
17.13 ± 0.54

1
7
6
-2.39
0.1> P > 0.05

898

BULLETIN OF MARINE SCIENCE. VOL. 31, NO.4.

1981

Table 5. Date, locality, head and total lengths (mm) of tenuis and transforming pearlfish collected
in the Bahamas. Missing entries (-) indicate specimens not measurable; + indicates broken or regenerated tail tip
Locality

Head Length

24-XI-64

Little San Salvador, West Bay
Little San Salvador, West Bay
Eleuthera, Powell Point

27-XI-64

Royal Island

4,7
4.9
4.2
4,1
4.3
4,3
4.5
4.4
4.6
4.2
4.3
3.8
4.1

176,5
183.0
156,0
148.0
155.5
156.0
137+
157.0
157.5
143+
155.0
149.0
116.5

4.3

161.0

4.6
4.9
5.0
4.7
6.0
4.9
6.7
6.5
5.5
4.3

168.5
180.0
175.0
163.5
85.5
171.0
64+
56.0
126.0
131.5

7.3
6.8
4.9
4,8
4.9
5.8
6.1
6.8

103.0

6.7
5.8
4.6
5.5
4.7
5.3
7.3
5.0
5.8
6.1
6.4
6.4
7.4

79.0

Date

5-XI-64

l-IV-65
8-XII-66
9-XII-66
lo-XII-66
23-1-71
18-VII-72
20-VII-72
20-VII-72
21-VII-72
21-IX-72
13-XII-72
14-XII-72
29-XII-72
31-1-73
31-1-73
31-1-73
17-1-73
17-1-73
17-1-73
17-1-73
8-11-73
8-11-73
26-IV-73
I-VII-75
4-VII-75
23-VII-75
12-13-IX-75
12-13-IX-75
12-13-IX-75
12-13-IX-75
12-13-IX-75
12-13-IX-75

Crooked Island, Landrail Point
Great Abaco Island
Great Abaco Island
Great Stirrup Cay
New Providence, Clifton Point
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon
Bimini Lagoon

Total Length

148.5
141.5
151.0
127.0
97.5
104.0

148.0
124.0
119.5
109.0

136.0
151.0
90.0

lnquilinism as we understand it is the long-term habit of actually residing within
the body of the host and using the host's circulation to obtain oxygen and discharge metabolites (principally CO2 and nitrogenous wastes). Other examples that
occur in the Bimini Lagoon are gobies that live intimately in massive sponges
(reviewed by Tyler and Bohlke, 1972). We can compare their specializations in
order to understand which features of the pearlfish are correlated with inquilinism.
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Shape.-Both
pearlfishes and fishes dwelling in massive sponges have to enter
their invertebrate hosts through small apertures. Pearlfishes are anguilliform but
the obligate sponge-dwelling gobies Risor ruber and Pariah seotius are no more
elongate than related non-inquiline species (although Risor has highly specialized
teeth). The gobies Evermanniehthys spp., however, are much more elongate and
bear a few highly specialized scales on the caudal peduncle (as does Risor), and
we conclude that, while Evermanniehthys is the most anatomically modified of
the sponge-dwellers, its anguilliform body is not an inquiline requirement.
Life History.-The
life history of Carapus is highly specialized-with
rafting
eggs, vexillifer and tenuis larvae, and pronounced metamorphosis. The obligate,
sponge-dwelling gobies have no such adaptations. Since rafting eggs are known
in some related paracanthopterygian groups (e.g., antennariids) we conclude that
not all of the carapid life history specializations are related to the inquiline habit.
Pigmentation.-Pearlfishes
have greatly reduced body pigment. The obligate
sponge-dwelling gobies do not; Risor ruber, in fact, has increased its pigment so
that even counters hading is masked. Both Risor ruber and the pearlfishes emerge
at night (we report here that on several occasions in the Bahamas and Virgin
Islands we have observed Risor ruber at night in situ on the tops of massive
sponges near the excurrent apertures, into which they withdraw during the day;
we verified this by around the clock observations in aquaria at the Lerner Marine
Laboratory) .
Position of Anus .-One of the most conspicuous specializations of carapids is
the extreme forward position of the anus. Although we do not have enough
behavioral observations to substantiate the conclusion, it appears that this would
permit the pearlfish to emerge part way from the host to void intestinal waste
products without undue exposure to predation. Pearlfishes (at least the IndoPacific species Carapus homei) probably always emerge completely from the host
at night when they seek food, but the only indication we have that they ever
emerge only part way for any substantial length of time is that in Guam when
one of us (C.L.S.) placed large numbers of hosts in small containers, the Carapus
homei came part way out and remained there for a time before leaving the stressed
hosts altogether. Although this is a highly abnormal situation, it at least indicates
that the behavior pattern is present.
It should be noted that the classic example of a fish with the anus far forward
(between the gill membranes in adults) is the pirate perch, Aphredoderus sayanus,
which certainly is not an inquiline. Obviously, a parallel structural modification
does not necessarily mean a parallel function.
Thus, there is no one set of adaptations for inquiline habits, and sponge-dwelling gobies are not especially comparable with the holothurian inquilines. Some
of the differences may be due to the fact that the musculature of the sponge
oscula is much weaker than the anal sphincter and that the holothurians produce
compounds that are violently toxic to most fishes (Nigrelli, 1952).
Pearlfish inquiline adaptations therefore must be treated unto themselves. Included, in addition to the forward position of the anus, are an elongate body
shape and a strong pointed tail which enable the pearlfish to force their way into
the anal aperture and to penetrate the thin cloacal wall (even in Eneheliophis, in
which a caudal fin is present, the rays are short and stiff). Pearlfish also possess
some resistance to the toxin of the host (by either direct chemical immunity or
by some mechanism that enables the fish to avoid triggering the discharge of the
toxin). These compounds are released when the holothurians are injured or
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stressed. We suspect chemical immunity because pearlfish survive when removed
by opening the host, which surely causes toxins to be released. The stable environment within the host presumably has at least slightly lowered oxygen availability (sea water is pumped through the respiratory trees and oxygen is used by
the holothurian). Trott (1970) found no significant differences in coelomic dissolved oxygen with or without the presence of pearlfish, and Seymour and
McCosker (1974) found that the level of coelomic dissolved oxygen did not restrict
the oxygen consumption of pearlfish. We have observed pearlfish leaving the
hosts when they are crowded together with a small amount of sea water in a
container and suspect that this is a response to lowered oxygen in the internal
environment of the host.
The morphological characteristics of the carapid subfamilies and genera and of
other ophidiiform fishes have been detailed and summarized by Cohen and Nielsen (1978). It is apparent that many of the structural features of the fishes of this
order are appropriate preadaptations to inquilinism, e.g., soft fin rays, reduction
of the caudal fin and its attachment to the dorsal and anal fins, loss of scales,
reduction and loss of the pelvic fins. Cohen and Nielsen distinguish the pearlfishes, which are mostly inquiline, as the subfamily Carapinae separate from the
Pyramodontinae, which are probably free living. The most obvious differences
between the two subfamilies are a lower number of pectoral rays (20 or fewer vs.
24-27) and more precaudal vertebrae (17-27 vs. 12-15) in the Carapinae. Reduced
pectoral fins present a smooth surface and a large number of vertebrae increase
body flexibility, both of which might be of benefit to fishes living as inquilines.
Some ophidioid fishes exhibit tail standing behavior (Herald, 1953) or burrow
tailfirst into sediments (Greenfield, 1968), while Trott (1970) has commented on
ophidioids dwelling in the confines of restricted pipes. These features may presage
the tailfirst entry of carapids into hosts.
The difference in feeding habits of Encheliophis and Carapus raises the question of which mode is the more specialized. Carapus apparently never feeds on
tissues of the host; Encheliophis frequently does. One might postulate that host
parasitism represents an incomplete adjustment, since it is detrimental to the host
and the pearlfish sooner or later would be forced to find a new host. Our data,
however, indicate that when Carapus leave the host to feed, they do not necessarily return to the same host, and that they are sometimes eaten when they
enter a host that is already occupied. Thus, for Encheliophis, having to find a
new host occasionally could be an advantageous trade off for an assured food
source. Moreover, the well-documented power of regeneration of holothurians
suggests that they can easily withstand at least a limited cropping of their viscera
(Mosher, 1956; Trott, 1970). This can and should be demonstrated experimentally.
We agree with Trott's (1970) hypothesis that the feeding on viscera by Encheliophis (or Jordanicus) spp. is a form of parasitism and a specialization among the
carapids, rather than being an indication that Encheliophis spp. are less completely adapted as inquilines and thus less specialized than are Carapus spp.
Finally, Encheliophis has the maxilla sheathed by skin. This is a specialization
unique to that genus among the carapids and may facilitate backward movement
within the host, since it would reduce the possibility of getting the free edge of
the maxilla caught, even though this would not be especially advantageous during
entry into the host, which Trott (1970) has shown to be usually headfirst.
Two hypothetical sequences seem possible: (1) that the immediate ancestors
of the pearIfishes were predators that entered the host to feed on its tissues and
then remained inside longer and longer because they found it to be a safe haven,
secondarily switching to feeding outside and thereby protecting their shelter from
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the effects of their predation; or (2) the pearlfishes found the hosts acceptable
shelter sites not too unlike the inorganic burrows their ancestors occupied and
secondarily began to feed upon the host's tissues.
The second hypothesis suggests that the Carapus mode of life is the more
primitive and that of Encheliophis represents the derived condition, whereas the
converse is implied by the first. Comparisons with other groups indicate that the
second hypothesis is more likely since most ophidioids feed on benthic invertebrates and none are known to be viscera feeders.
Accordingly, our interpretation supports the hypothesis that the ancestral
pearlfishes used the host as a shelter site and fed outside, as Carapus does now.
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