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Responses of Two Coral Reef Toadfishes (Batrachoididae)

to the Demise of Their Primary Prey, the Sea Urchin
Diadema antillarum

D. Ross ROBERTSON

In 1983-84 the sea urchin Diadema antillarum, which was abundant on coral
reefs throughout the Caribbean, suffered a mass mortality. Its densities decreased
by about 95% throughout most of its range. In Panama, prior to that mortality
event, two reef toadfishes, Amphichthys cryptocentrus and Sanopus barbatus fed
almost exclusively on Diadema. Two and a half years after that event the abun-
dance of at least one toadfish appears to be at the pre-event level and both species
are actively breeding. After the event these “specialist” fishes changed their diets
in different ways. The diet of A. cryptocentrus has become generalized and now
includes a broad range of mobile benthic invertebrates (crabs, hermit crabs,
gastropods, octopods, echinoids). The diet of S. barbatus now consists primarily
of fishes, but also includes a few mobile benthic invertebrates. The ability of
Diadema predators to maintain their populations at high levels may reduce the
potential for Diadema populations to recover.

NTIL recently the sea urchin Diadema an-
tillarum was an abundant and ecologically
influential organism on Caribbean coral reefs
(see references cited in Lessios et al., 1984a,
1984b). Many reef fishes included this urchin
in their diets and it constituted the major item
eaten by several species at sites in the eastern

Caribbean (Randall, 1967). In Jan.—May 1983
populations of Diadema on the Caribbean coast
of Panama suffered a rapid mass mortality, which
subsequently affected the species throughout
most of its geographic range (Lessios, et al.,
19842, 1984b; Hughes et al., 1985). In San Blas
the mortality reduced Diadema populations by
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Patch reefs of San Blas Point. Solid lines define emergent reefs, dashed lines define submerged

reefs. Substrate between reefs consists of sand, mainly covered with macroalgae and seagrasses.

95% (Lessios et al., 1984a) and those popula-
tions did not recover in the subsequent 3 yr (H.
A. Lessios, pers. comm.).

Prior to the mortality event two species of
San Blas toadfishes (Batrachoididae), Amphi-
chthys cryptocentrus and Sanopus barbatus, fed al-
most exclusively on D. antillarum (Hoffman and
Robertson, 1983). Here I describe the re-
sponses of those fishes to the abrupt loss of their
primary prey.

METHODS

Study area.—Data were collected at the same
site in the Archipielago de San Blas (Fig. 1) both
before (Hoffman and Robertson, 1983) and af-
ter the Diadema mortality.

Gut content analyses.—The mortality affected San
Blas populations of D. antillarum in April-May
1983 (Lessios etal., 1984a, 1984b). Information
on the toadfishes’ diets was collected during
1977 and 1981 (Hoffman and Robertson [1983])
and Sept. 1983—Jan. 1986. Specimens were col-
lected from shallow reefs immediately to the
east of Punta de San Blas (Fig. 1) in both cases.

Hoffman and Robertson (1983) found that both
species were most likely to have fresh material
in their guts in the morning. Consequently the
1984-86 series of specimens were collected in
the morning. Fishes were collected with Quin-
aldine anaesthetic and dissected within 1 h of
capture. All identifiable material in the guts was
recorded and measured.

Reproductive activity.—The degree of activity of
the ovaries of females collected for gut analyses
was recorded. Ripe ovaries are readily recog-
nizable since both species produce eggs about
5 mm in diameter. Hoffman and Robertson
(1983) found males of A. cryptocentrus with ag-
gregations of small juveniles (2-3 cm long) in
their burrows and searches were made for such
juveniles in the shelters of both species during
the 1984-86 series of collections.

Population change in A. cryptocentrus.—
Amphichthys cryptocentrus was by far the more
abundant of the two toadfishes before the Dia-
dema mortality (Hoffman and Robertson, 1983).
During a 6 mo period in 1978 a series of cen-
suses was made of the A. cryptocentrus population
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TaBLE 1. GuT CONTENTS OF Amphichthys cryptocentrus BEFORE AND AFTER Diadema MORTALITY.
Before* After
Proportion of Proportion of )
Proportion of items in total Proportion of items in total Size® of items
Item fish with items gut contents fish with items gut contents (cm)
Echinoids
Diadema .80 .85 .03 .01 8.0
Echinometra and
Eucidaris .00 0 .20 .06 4.0 (3.0-5.0)
Crabs .06 .08 .66 .36 1.8 (1.0-6.0)
Gastropods .06 .08 .40 .32 1.1 (0.5-4.5)
Hermit crabs .00 0 .29 .15 1.6 (0.8-5.0)
Octopods .00 0 11 .05 20.0 (15.0-36.0)
Scallops .00 0 .06 .02 2.1 (2.0-2.2)
Lobster .00 0 .03 .01 3.0
Fishes .00 0 .03 .01 4.0
Empty .09 — .09 —
N 35 39 35 94

2 Data from Hoffman and Robertson (1983).

b X (range). Echinoids = test diameter, crabs = carapace width, gastropods and hermit crabs = shell length, octopods = arm tip to tip, lobster/

shrimp = head to tail length, fish = total length, scallop = shell width.

in one 0.225 ha area immediately to the west
of Smithsoniantupo (Fig.1). Since May 1983,
when the Diadema mortality was in progress,
this same area has been censused at approxi-
mately monthly intervals. No estimate was made
of the population density of S. barbartus before
or after the mortality event.

REsULTS

Gut analyses.—Amphichthys cryptocentrus.—
Prior to the Diadema die-off that urchin rep-
resented almost the entire gut contents of A.

cryptocentrus (Table 1). In terms of numerical
abundance, the main items present in A. cryp-
tocentrus after the mortality were crabs, gastro-
pods, and hermit crabs. However, when prey
size also is taken into account, a larger variety
of prey contributed substantially to the biomass
of the diet of that toadfish. Individuals of the
three most abundant prey groups (gastropods,
hermit crabs, and crabs) typically were consid-
erably smaller than individuals of two less abun-
dant prey groups (octopods and echinoids) (Ta-
ble 1). Thus all five of these prey types are
important components of the new diet of A.
cryptocentrus.

TaBLE 2. GuT CONTENTS OF Sanopus barbatus BEFORE AND AFTER THE Diadema MORTALITY.

Before*

After

Proportion of

Proportion of

Proportion of items in total Proportion of items in total Size® of items
Item fish with items gut contents fish with items gut contents (cm)

Diadema .92 1.00 .00 .00 —
Fishes .00 .00 44 .48 12.0 (10.0-15.0)
Shrimps .00 .00 11 .10 3.5 (2.0-5.0)
Scallops .00 .00 .06 .05 1.5
Hermit crabs .00 .00 11 .29 1.7 (1.2-2.5)
Crabs .00 .00 .06 .05 2.0
Gastropods .00 .00 .06 .05 1.0
Empty .08 — .28 —
N 13 13 18 21

* Data from Hoffman and Robertson (1983).

b See Table 1.
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Fig. 2. Numbers of Amphichthys cryptocentrus
counted in a 0.225 ha area during regular censuses.
The 1978 data point is the mean (SD = 1.5) for 32
censuses over 8 mo (data for individual censuses are
not available); the 1983-86 data are from censuses at
monthly intervals. ND = no data.

1983 1984 1985 1986

Sanopus barbatus.—Before the Diadema mor-
tality that urchin was the only item found in the
guts of S. barbatus (Table 2). Fishes were not
only the most abundant item present in the guts
of S. barbatus after the mortality but were also
considerably larger (10-15 cm long) than the
other items found (two hermit crabs in 1.2 cm
shells, a 2 cm scallop and two shrimps 2-5 cm
long). The only recognizable fish was a goatfish
(Mullidae).

Most toadfishes are cryptically colored and
shaped fishes that normally lie motionless on
the bottom (Collette and Russo, 1981; Collette,
1983) or in shelters or burrows. Among those
that eat fishes no special adaptations for prey
capture have been described and most species
probably simply sit and wait for fish that have
not noticed them to come within striking range.
However, S. barbatus has distinctive behaviors
that may constitute a prey-capture mechanism
aimed specifically at fishes. A distinctive feature
of §. barbatus, which has a cryptic, mottled col-
oration, is the presence of 1-3 eyelike spots on
its tail (Collette, 1983). In San Blas I found in-
dividuals of this species in small caves or under
coral overhangs at the coral-sand interface
around the edges of reefs. When I encountered
these fish in the early morning they often were
lying exposed on a sandy bottom 0.5-1 m out-
side their shelters. In that situation the anterior
40% of the fish was very pale and blended in
with the substrate while the posterior 60% was
considerably darker than normal and the “‘eye”
spots on the partly folded tail fin were quite
prominent. The slender dark tail was curled
laterally forwards and positioned near the head.
On several occasions when 1 first noticed the
fish I mistook the tail for the front half of a
moray eel that was extended from a hole in the
substrate. Reef fishes often are attracted by, and
closely approach and follow moray eels that are

COPEIA, 1987, NO. 3

moving about on a reef in daylight (pers. obs.).
The resemblance of S. barbatus tail to a moray
may be mimetic and serve to attract prey fishes
to within striking distance of the toadfish’s cam-
ouflaged head.

Reproductive activity.—Among 35 A. cryptocentrus
collected I found four males with juveniles in
their burrows and five females with ripe or near-
ly ripe eggs. I also found three male S. barbatus
with recently hatched fry in their holes. In the
area in which the A. cryptocentrus population was
monitored I counted up to four large (10-15
cm total length) solitary juveniles during 1985,
and frequently saw similar sized individuals at
other localities. In addition, while collecting §.
barbatus 1 encountered large juveniles of that
species.

Abundances of toadfishes.— At the time of the Dia-
dema mortality the A. cryptocentrus population
was about one third lower than it had been 5
yr previously. For the remainder of 1983 it was
about half the 1978 level, and by the end of
1985 it increased to the same as the 1978 level
(Fig. 2). Some of the variation in numbers en-
countered during the post-mortality censuses
probably is due to movements of A. cryptocentrus
in and out of the monitored area (Hoffman and
Robertson, 1983). When collecting A. cryptocen-
trus for gut analyses I encountered similar den-
sities in other patches of the same habitat type
in different parts of the study area.

Sanopus barbatus was relatively uncommon
both before and 2.5 yr after the Diadema mor-
tality, but was not noticeably rarer during the
second data collection period.

DiscussiON

The two Panamanian toadfishes responded
in different ways to the abrupt loss of the prey
on which they had fed almost exclusively. Am-
phichthys cryptocentrus switched to a generalized
diet that incorporated most major types of mo-
bile benthic invertebrates. Its new diet resem-
bles that of other Caribbean toadfishes (Col-
lette, 1974, 1983; Collette and Russo, 1983).
Sanopus barbatus, on the other hand, switched
primarily to fishes. If  am correct in suggesting
that S. barbatus is employing mimetic behaviors
that function specifically for capturing fishes,
then that toadfish’s prior concentration on Dia-
dema probably represented opportunistic use of
a superabundant and readily accessible food
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source that was easier to exploit than were fish-
es.

The only published data of which I am aware
that considers how consumers of Diadema re-
sponded to the mass mortality is that of Reinthal
et al. (1984). These authors showed that, in Be-
lize, the triggerfish Balistes vetula was successfully
feeding on a variety of benthic invertebrates 1—
2 mo after the mortality event. However, since
those authors had no data on that species’ diet
at that site prior to the mortality event it is not
clear whether B. vetula’s diet actually changed.

The available data indicate that if the near
elimination of the two Panamanian toadfishes
primary food source had any deleterious effect
on them it was slight and temporary. First, both
species have continued to breed and both have
subadult recruits entering their populations.
Second, although the size of the monitored pop-
ulation of A. cryptocentrus was lower at the time
of the mortality than previously, that reduction
is not likely to have reflected mortality due to
starvation. Since adults of that species are fairly
large (up to 25 cm standard length, and 950
grams), and are very sedentary, it seems unlikely
that their metabolic requirements would be suf-
ficiently high for them to die-off as abruptly as
Diadema did. Consequently the A. cryptocentrus
population probably was low before the Dia-
dema mortality could have had any effect on it.
Even if the Diadema mortality was responsible
for part of the lowered level of A. crypiocentrus
population shortly after the mortality, that
toadfish population subsequently returned to
the pre-mortality (1978) level. This occurred in
the absence of any noticeable increase in the
Diadema population in the study area since the
1983 mortality event (H. A. Lessios, pers.
comm.; Aug. 1986).

One other reef fish that consumes Diadema,
B. vetula, also appears not to have been adverse-
ly affected by the Diadema mortality in Panama.
Although B. vetula has been uncommon on the
shallow nearshore reefs of the study area for
the past decade, in early 1985 there was a mass
arrival of its pelagic juveniles onto those reefs.
This influx of juveniles, which occurred on reefs
along over 200 km of the Panama coast, was
about 100 times greater than influxes noted
during any of the preceding 6 yr (D. R. Rob-
ertson, unpubl. data).

The ability of some of Diadema’s predators,
particularly ones that might be regarded as food
specialists, to switch their diets and successfully
withstand an abrupt, drastic, and persistent re-
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duction in the population of their prey may have
profound, long term effects on the ecology of
Caribbean coral reefs. If such predators can ex-
ert sufficient pressure on the reduced Diadema
populations, they may substantially retard pop-
ulation growth of that prey.

Diet switching by the San Blas toadfishes dem-
onstrates that dietary specialization by coral reef
fishes can represent opportunistic use of an
abundant resource and that one must be cau-
tious when interpreting narrow diets. Further,
the results presented here show that one cannot
readily predict the responses of consumers to
major changes in the abundance of prey, i.e.,
whether they can change their diets and, if so,
how they would do so. One might expect ob-
ligate dietary specialization to be unlikely when
other members of a family or genus of fishes
have different diets, especially generalized diets,
and predict that diet switching by A. cryptocen-
trus and S. barbatus was likely because other Ca-
ribbean batrachoidids have generalized diets.
However, such is not necessarily the case. Mem-
bers of the family Chaetodontidae use a variety
of planktonic and benthic foods, including hard
corals (Anderson et al., 1981). Some exclusively
corallivorous chaetodontids evidently are obli-
gate diet specialists, since drastic reductions in
the abundance of hard corals do lead to rapid
reductions in the abundance of some (but not
all) of those fishes (Williams, 1986). However,
“specialist” corallivores do not necessarily re-
spond in this manner. On eastern Pacific coral
reefs in Panama the tetraodontid Arothron me-
leagris is an abundant fish that feeds almost ex-
clusively on hard corals (Glynn et al., 1972).
Although populations of these corals recently
were reduced by 70-95% the density of A. me-
leagris has not declined and its feeding remains
concentrated on corals (Glynn, 1985). It seems
likely that A. meleagris could switch its diet, since
elsewhere in the eastern Pacific it consumes
foods other than corals (H. Guzman, pers.
comm., 1986). One can only speculate at what
point, in terms of the abundance of the prey,
such switching might occur and whether such
a switch would be deleterious to A. meleagris.
Although A. meleagris is common on Panama-
nian reefs its impact on reef growth is slight
(Glynn et al., 1972; Glynn, 1985) and it seems
unlikely that the recovery of the prey popula-
tion will be affected by either a failure of this
consumer to rapidly change it’s diet or to switch
and maintain itself on other foods. Clearly, the
nature of predator-prey relationships that in-
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volve coral reef fishes are not readily predict-
able.

ACKNOWLEDGMENTS

This research was supported by the Smith-
sonian Tropical Research Institute. The people
of Kuna Yala and the Government of the Re-
public of Panama permitted work in San Blas.
G. Helfman, H. A. Lessios and E. Weil made
useful comments on the manuscript.

LiTERATURE CITED

=+ ANDERSON, G. R. V., A. H. ExrLICH, P. R. EHRLICH,

J. D. RoucHGArDEN, B. C. RusseLL anp F. H.
TaLBoT. 1981. The community structure of coral
reef fishes. Amer. Natur. 117:476-495

COLLETTE, B. B. 1974. A review of the coral toad-
fishes of the genus Sanopus with descriptions of two
new species from Cozumel Island, Mexico. Proc.
Biol. Soc. Wash. 87:185-204.

. 1983. Two new species of coral toadfishes,

family Batrachoididae, Genus Sanopus, from Yu-

catan, Mexico and Belize. Ibid. 96:719-724.

, AND J. L. Russo. 1981. A revision of the
scaly toadfishes, genus Batrachoides, with descrip-
tions of two new species from the eastern Pacific.
Bull. Mar. Sci. 31:197-233.

GLYNN, P. W. 1985. Corallivore population sizes and
feeding effects following El Nino (1982-1983) as-
sociated coral mortality in Panama. Proc. Fifth Int.
Coral Reef Congr. (Tahiti) 4:183-188.

, R. H. STEWART AND |J. E. McCosker. 1972.

COPEIA, 1987, NO. 3

Pacific coral reefs of Panama: structure, distribu-
tion and predators. Geol. Rundschau 6:483-519.
HorFMman, S. G., aND D. R. RoBERTSON. 1983. For-
aging and reproduction of two Caribbean reef toad-
fishes (Batrachoididae) Bull. Mar. Sci. 33:919-927.

Hucsass, T. P., B. T. KELLER, J. B. ]J. JACKSON AND
M. J. BoyLE. 1985. Mass mortality of the echinoid
Diadema antillarum Philippi in Jamaica. Ibid. 36:377—
384.

Lessios, H. A, J. D. CusIT, D. R. ROBERTSON, M. J.
SHULMAN, M. R. PARKER, S. D. GARRrITY AND S. C.
LEvINGs. 1984a. Mass mortality of Diadema antil-
larum on the Caribbean coast of Panama. Coral
Reefs 3:173-182.

, D. R. ROBERTSON AND J. D. Cusrt. 1984b.
Spread of Diadema mass mortality through the Ca-
ribbean. Science 226:335-337.

RANDALL, J. E. 1967. Food habits of reef fishes of
the West Indies. Stud. Trop. Oceanogr. 5:665-847.

REINTHAL, P. N, B. KENSLEY AND S. M. LEwis. 1984.
Dietary shifts in the Queen Triggerfish, Balistes ve-
tula, in the absence of its primary food item, Dia-
dema antillarum. P.S.Z.N.1. Marine Ecology 5:191-
195.

WiLLiams, D. McB. 1986. Temporal variation in the
structure of reef slope fish communities (Central
Great Barrier Reef): short-term effects of Acan-
thaster planci infestation. Mar. Ecol. Prog. Ser. 28:
157-164.

D. R. R. SMiTHSONIAN TROPICAL RESEARCH
INSTITUTE, APO Miawmi, FLoriDA 34002-0011
OR APARTADO 2072, BALBOA, REPUBLIC OF
PAaNaMA. Accepted 9 Dec. 1986.

This content downloaded by the authorized user from 192.168.72.223 on Tue, 27 Nov 2012 15:23:23 PM
All use subject to JISTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p.637
	p.638
	p.639
	p.640
	p.641
	p.642

	Issue Table of Contents
	Copeia, Vol. 1987, No. 3 (Aug. 5, 1987), pp. 551-842
	Front Matter
	The Evolution of Viviparity: Ecological Correlates of Reproductive Mode within a Genus of Australian Snakes (Pseudechis: Elapidae) [pp.551-563]
	Osteology and Evolutionary Relationships of the Boarfish Genus Antigonia (Teleostei: Caproidae) [pp.564-592]
	Description and Conservation Status of Cyprinodon macularius eremus, A New Subspecies of Pupfish from Organ Pipe Cactus National Monument, Arizona [pp.593-609]
	Allotoca goslinei, A New Species of Goodeid Fish from Jalisco, Mexico [pp.610-616]
	Geographic Variation in Cyprinella lutrensis (Pisces: Cyprinidae) in the United States, with Notes on Cyprinella lepida [pp.616-637]
	Responses of Two Coral Reef Toadfishes (Batrachoididae) to the Demise of Their Primary Prey, the Sea Urchin Diadema antillarum [pp.637-642]
	Differential Spawning Success among Territorial Male Cunners, Tautogolabrus adspersus (Labridae) [pp.643-648]
	Systematic Position of the Family Dentatherinidae in Relationship to Phallostethidae and Atherinidae [pp.649-658]
	Notropis rupestris, A New Cyprinid from the Middle Cumberland River System, Tennessee, with Comments on Variation in Notropis heterolepis [pp.659-668]
	Population Structure of Four Pupfish Species (Cyprinodontidae: Cyprinodon) from the Chihuahuan Desert Region of New Mexico and Texas: Allozymic Variation [pp.668-681]
	Population Structure of Sciaenops ocellatus and Cynoscion nebulosus (Pisces: Sciaenidae): Biochemical Variation, Genetic Subdivision and Dispersal [pp.682-695]
	An Allozyme Analysis of Anguid Subfamilial Relationships (Lacertilia: Anguidae) [pp.696-701]
	Phenotypic Variation of Young-of-Year Bluegills (Lepomis macrochirus) among Microhabitats [pp.702-707]
	Ontogeny of the Sexually Dimorphic Sonic Muscle in Three Sciaenid Species [pp.708-713]
	Digestive Efficiency in a Temperate Herbivorous Reptile, Gopherus polyphemus [pp.714-720]
	Persistence of Freeze Tolerance in Terrestrially Hibernating Frogs after Spring Emergence [pp.720-726]
	Reproductive Ecology of the Tidewater Silverside, Menidia peninsulae (Pisces: Atherinidae) from Santa Rosa Island, Florida [pp.727-732]
	The Environmental and Genetic Components of Sex Ratio in Menidia menidia (Pisces: Atherinidae) [pp.732-743]
	Chemical Communication between Two Species of Desmognathine Salamanders [pp.744-748]
	A Population Study of the Viviparous Australian Lizard, Trachydosaurus rugosus (Scincidae) [pp.749-757]
	Changeable Corneal Coloration in Some Baikalian and River Sculpins (Pisces: Cottoidei) [pp.758-762]
	Embryo Size Variation in Mosquitofish: Optimality vs Plasticity in Propagule Size [pp.762-768]
	Reproductive Ecology of Female Dusky Salamanders, Desmognathus fuscus (Plethodontidae), in the Southern Appalachians [pp.768-777]
	Ichthyological Notes
	Incidence of Ectoparasitic Copepods on Ichthyoplankton [pp.778-782]
	Genetic Polymorphism in Adult Male Size in Xiphophorus variatus (Atheriniformes: Poeciliidae) [pp.782-787]
	A Replacement Name for Parapercichthys Greenwood (1983), A Junior Homonym [p.787]
	Length-Weight Relationship of the Little Guitarfish, Zapteryx brevirostris (Chondrichthyes: Rhinobatidae), from Itaipu Inlet, Rio de Janeiro, Brazil [pp.787-789]
	Spawning in Anampses (Pisces: Labridae) [pp.789-790]
	Identification of Moniana tristis Girard (Cypriniformes: Cyprinidae) [pp.790-792]
	Agonistic Behavior and Social Inhibition of Maturation in Fishes of the Genus Xiphophorus (Poeciliidae) [pp.792-796]
	Gut Contents of Juvenile Shortnose Sturgeon in the Upper Hudson Estuary [pp.796-802]
	Predation on Aquatic Snakes by Sharks from Northern Australia [pp.802-803]

	Herpetological Notes
	Behavioral Thermoregulation of Small American Alligators in Water: Postural Changes in Relation to the Thermal Environment [pp.804-807]
	Aggregation in the Broad-Headed Skink (Eumeces laticeps) [pp.807-810]
	Origin of the Stimulus for Muscular Spasms at the Critical Thermal Maximum in Anurans [pp.810-813]

	Reviews and Comments
	untitled [pp.814-816]
	untitled [pp.816-818]
	untitled [pp.818-820]
	untitled [pp.820-821]
	untitled [pp.821-823]
	untitled [pp.823-824]
	untitled [pp.824-826]
	untitled [pp.826-828]
	untitled [pp.828-830]
	untitled [pp.830-833]
	untitled [pp.833-835]
	Books Received [pp.835-836]

	Erratum: Age Determination of Living Nile Crocodiles from the Cortical Stratification of Bone [p.836]
	Editorial Notes and News [pp.837-838]
	Zhu Yuangding. Yuanting T. Chu. 1896-1986 [pp.838-839]
	Juliusz Czopek, 1922-1986 [p.839]
	Philip Wayne Smith, 1921-1986 [pp.839-840]
	Back Matter [pp.841-842]



