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Diet and Lung Parasites of Swamp Forest Dwarf Crocodiles
(Osteolaemus tetraspis osborni) in the Northern Congo Republic

JorN RILEY AND Fiiz W. HUCHZERMEYER

Wild-caught and marketderived adult specimens of the Dwarf Crocodile Osteolae-
mwmmhfmmmwmwwmm
the northern Congo Republic, were ined for food residues in the h and
pentastomid infections in the lungs. § h lysi led that Osteo-
hmwwnpperhmhﬁ:pndntur.uﬂuanﬂetyofhvmbnmﬂmﬂ
ies of p ids infected the lungs

vertebrate prey in the dry season, Three sp
(preval 81%), rep ting three genera (all belonging to the family Sebekidae);
every specimen was identified to instar. Two species, Agema silvaepalustris and Alofia

ted by substantial numbers of infective larvae. Because this

parva, were
instar is also thought to occur in fish intermediate hosts, we postulated that some

(ransmission continued In the dry season. Amphibious catfish (Clarias sp.) were
common in swamp forest pools and may be the putative intermediate host.

HE Dwarf Crocodile, Osteolasmus tetraspis likely to be significant items of the diet. We pre-
Cope, 1861, inhabits lowland equatorial  sent evidence that adult Osteolaemus from swamp
rain forests of west and central Africa where lts  forests are opportunistic predators in the dry
range broadly overlaps that of the Slender-  season, taking a variety of invertebrate and ver-

Snouted Crocodile Crocodylus cataphractus Cu-  tebrate prey.
vier, 1824, However, Waitkuwait (1986, 1989)
and Kofron (1992) noted that their habitats dif-
fer: the former favoring open water of rivers,
lakes or lagoons, whereas O. tetraspis entered
these only occasionally, preferring bordering

swamps or pools in periodically flooded forest.
Riley and Huchzermeyer (1999) confirmed fondo (n = 12), were purchased and examined

that, by day and at the height of the dry season  for stomach contents or pentastomid parasites
(Feb. to April), individuals of the Congo sub-  during the dry scasons of 1993-1997 (Tables 1-
species, O, tetraspis osborni, were located in small, 2; for the geographic location of this and other
shallow, patchily distributed permanent pools.  Congo sites mentioned herein, see Riley and
Furthermore, dwarf crocodile populations were  Huchzermeyer, 1999), The stomach contents of
restricted to a narrow band of swamp forest bor-  gix of the Impfondo market specimens dissected
dering gallery terra firma forest. Whether croc-  in 1996 and 1997 (Table 1) were sent to |R by
odiles dispersed in the wet season, when swamp  an American missionary. These data were sup-
forests in that reglon of the Congo Republic plemented with data from six wild-caught ani-
flooded to a depth of > 0.5 m (Blake, 1993),is mals, the only animals whose origins were
unknown. known, taken in 1995 and 1996, Not all eroco-
Schmidt (1919) examined the stomach con-  diles yielded both stomach contents and pen-
tents of riverine specimens of O. (. osborni and  tastomid parasites; in nine specimens, only the

reported that fish were the principal food. Ac-  stomach was available (Table 1). Stomachs were
cording to Waitkuwait (1986), however, C. cata-  either unavailable (i.c., market specimens; n =
phractus preys principally upon fish (and aquatic  8) or contained no recognizable residues in
birds), whereas forest-dwelling O. tetraspis favor  nine additional animals from 1995 in which
land-based hunting, Although data were scant, only lungs were examined (Table 2).
amphibians, reptiles, annelids, crabs, and fish Every Osteolaemus that we have seen, either in
may be taken (Villiers, 1958, in Waitkuwait, a market or en route to a market, was muzzled.
1986). Furthermore, we know from conversations with
Prevalence and intensity data for three spe-  hunters that crocodile’s snouts are immediately
cies of pentastomid parasites in the lungs of ted at capture (Agnagna et al, 1996). No at-

crocodiles (Riley and Huchzermeyer, 1995; Ril-  tempts to feed captives are made, and indeed
this notion is totally at odds with the hunter’s

ey et al,, 1997) suggest that fish, the interme-
diate host in the lifecycles of these parasites, are  creed. Thus, data on stomach contents reflected
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MATERIALS AND METHODS

Adult dwarf crocodiles (overall length 99-140
em), slaughtered at Ouenze market in the cap-
ital Brazzaville (n = 7) and the market in Imp-

LuNGs ALSO EXAMINED FOR PENTASTOMID PARASITES)

TOMACH CONTENTS ANALYSIS OF ks i pis (1
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TaBLE 2. DATA OF THE THREE sep. OF PENTASTO!

PANEL) AND IMPFONDO (MIDDLE PANEL) Margers. Those in the lower panel
co;xcumiwm data of stomach contents; see Tabl.e 1). Male = male;
IV = successive instars (following the infective nymph

AMIDS IN THE LUNGS OF 16 Osteolaemus FROM OUENZE (Tor
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ural components of the precapture diet. The
?:clul cumcg(t)l of one wild-caught animal (28/
4/96) were also sieved and analyzed. Smmlm:h
contents were washed through a'ﬂn pm sieve
and preserved in 70% ethanol prior to analysis.
Prey items retrieved from the stomach were
identified to the lowest taxonomic unit that was
feasible. The method of recovery and l-ht: spe-
cific dingnosis of pentastomids is described “11
Riley and Huchzermeyer (1995) and Riley et al.
(1997). Specimens were cleared bylmnun!:mg
them individually on slides in Hoyer's medium
before examination under a light microscope
where each specimen was identified o species
and instar. Each annulus of the double-hooked
infective instars of both Alofia ginae and Agema
situaepalustris carvied a prominent row of chlo-
ride cell pore caps whose average ldiameter was
% and 10 pm, respectively. This single feature
allowed larvae to be easily differentiated.

RESULTS

Stomach contents analysis—The recognizable res-
idues from the stomachs of 16 dwarf cu_wcudllcl
are itemized in Table 1, The single u_mmal ex-
amined in 1993 contained a mass of feathers,
but no other records of stomach contents from
, animals dissected at that time were kept because
the importance of muzzling was not appreciat-

ed. Invertebrate prey were found in 14 eroco-
diles and vertebrate prey in 10. The num_r.u'h ol
one animal contained only plant drhn?, and
substantial plant remaing were present in the
three animals examined in 1997 (Table 1).

ung pentastomids—Infection data of the three
ilt:‘e‘h{“::lamd pentastomid generi, all hn:hn!r-
ing to the family Sebekidae (Riley and Hlll: l;
zermeyer, 1995; Riley et al., 1997).raicngc|t:ll

from 16 crocodiles are summarized in Table 2.
Three crocodiles were uninfected, giving a prev-
alence (percentage of host population ||'|.[ectcd).
of 81%, and the mean number of parasites pet
host (mean intensity of infection) was 22:3 (Ta-
ble 2). Distinctive double-hooked, infective l.tr-
vae of the genera Alofia and Agema occurred in
seven hosts with just one, the most heavily in-
fected specimen, harboring both I:mu'm (Ta"tlle
2). The least common pentastomid, Sebekia oka-
vangoensis, was represented only by adults (n =t
6) whereas the most common species, Agema sit
vaepalustris (n = 240), was represented mu_stly
by infective larvae (n = 169) and the cnnfmg
wo instars (n = 48). Algfie parva comprised
more or less equal numbers of males and‘fr-
males (n = 76), but infective larvae (n = 28)
were found in only two hosts. Sixty three per
cent (224/8567) of the latter two species came
from a single host (Table 2).
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Discussion

The origins of just six of the animals dissected
in this study were known. However, most of the
specimens coming to market in Brazzaville also
originated in forests bordering the Oubangui
and Congo Rivers in the north (Behra, 1990) as
did those arriving in Impfondo, most of which
were caught in the Likouala swamps prior to
transportation along the road from Epena
(Blake, 1993; pers. obs.). The Impfondo map
(Feuille NA 33 XII-34 VII) confirms that villages
along this road are entirely surrounded by ex-
tensive tracts of permanently inundated swamp
forest. Thus most crocodiles arriving at the Imp-
fondo market (Table 2) probably came from
these areas.

Magnusson et al. (1987) analyzed stomach
contents from four species of live, wild-caught,
deep-forest, South American crocodilians and
listed five points that they considered important
in the interpretation of their data. We examined
only adult crocodiles, and other factors, such as
habitat, length of time spent in captivity, and
length of time taken to digest the last meal,
were unknown for the majority of specimens,
Thus no useful inferences can be made con-
cerning the frequency of prey types. However,
the stomach contents of deep swamp forest
specimens were not (oo dissimilar to those from
markets, except that none contained fish (Table
1).

Adult Osteolaemus  emerge a8 opportunistic
predators (sensu Magnusson et al., 1987). These
data complement the observations of Waitku-
wait (1986, 1989) and Riley and Huchzermeyer
(1999) from which it was inferved that at night,
in the dry season, Osteolaemus commute from
small forest pools to [orage along well-defined
trails. Congo swamp forests can be extremely
dense (Riley and Huchzermeyer, 1999), but the
presence of trails suggests that dwarf crocodiles
are likely 1o be very familiar with at least part
of their potential territory. Millipedes are cre-
puscular or nocturnal and presumably are in-

gested during nightly foraging forays, along
with many of the coleopterans and possibly the
gustropods. Snakes, the burrowing skink, and
the frog also may have been captured at night,
Remains of fisher spiders (genus Dolomedes) in
five stomachs constitute the clearest evidence of
an association between Osteolaemus and pools
since these spiders run only on still water sur-
faces (P. D. Hillyard, pers. comm.). Agile prey

such as mammals and birds (Table 1) may have

been ambushed by submerged crocodiles.
Riley and Huchzermeyer (1999) found that

the bulk of the swamp forest Osteolaemus popu-

lation was limited to a narrow (approximately
2.5 km wide) band of forest fringing gallery ter-
ra firma forest on the levees of rivers and
streams. We postulated that pool availability and
the extent to which riverine fish penetrate
swamp forests in the wet season may account for
this distribution. Pentastomid infection of croc-
odiles provides additional data on this point
Development within certain pentastomid
taxa, particularly with respect to the number of
larval instars, is stereotyped. Thus probably all
sebekiids (Winch and Riley, 1986), in common
with members of the genus Porocephalus (Buckle
et al., 1997), have seven instars in their respec-
tive intermediate hosts. If their further devel-
opment mirrors that of P eotali, then three
(males) or four (females) molts would be re-
quired to attain the adult stage. This appears to
be the case with A, silvagpalustris (Table 2), even
though the separation of two later instars
proved difficult (Riley et al,, 1997), Had more
specimens of these critical instars of A. parva
also been available, we would have reached the
same conclusion. Thus, the double-hooked
nymphs of Alofia and Agema, present in seven
hosts (Table 2), almost certainly represent the
seventh (infective) instar from fish (Winch and
Riley, 1986; Riley et al., 1997; Junker et al,
1998). This pattern agrees with our earlier data
which was less rigorous because we did not dis-
tinguish between the infective larvae of the two
species, and the method used o recover worms
was comparatively inefficient (Riley and Huch-
zermeyer, 1995),

We identified only 94 adult Agema and Alofia
of 351 specimens of these two species (Table 2),
Many pentastomids live for several years (Riley,
1986), although A, silvagpalustris appears to be
atypical in this regard (Table 2; Riley and Huch-
zermeyer, 1995). Because most specimens of A.
silvaepalustris are developing stages, clearly it is
unlikely that the adult instar is long-lived; oth-
erwise the majority of worms would have been
adult, These data indicate that adults probably
persist for less than one year, and we conclude
that, in this species at least, there is an annual
cycle of transmission. Hosts harboring the sev-
enth/eighth instars of both Agema and Alafia
had probably ingested fish within about 2-8
weeks (Buckle et al., 1997). Indeed, three croc-
odiles had fish remains in their stomachs (Table
1) but only one of these (26/4/95) was exam-
ined for pentastomids and was found to be un-

infected. We conclude that the transmission of
A, silvaepalustris, and probably that of A, parva,
in swamp forests can occur in the dry season
(Table 2),

Amphibious catfish (Clarias sp.) are common
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in swamp forest pools (Riley and Huchzermey-
er, 1999), and thus permanent pools may serve
as dry season refuges for the three essential el-
ements of the parasite lifecycle, namely croco-
diles, pentastomid eggs, and fish. Interestingly,
wo of the wild-caught Osteolaemus (1/5/95 and
15/5/95), which harbored infective nymphs,
were captured several kilometers from the near-
est flowing water. The role of Clarias in trans-
mission awaits clarification,

Agema silvaepalustris and Sebekia okavangoensis
also infect C. cataphractus (Riley and Huchzer-
meyer, 1995; Riley et al., 1997), suggesting that
feeding habits and perhaps part of the ranges
of the two host crocodilian species overlap
(Schmidt, 1919; Waitkuwait, 1989). Some of the
market animals we examined could have come
from rivers or streams. In the wet season, when
swamp forests are inundated and fish invade
from rivers, Osteolaemus probably ranges more
widely and fish may become an increasingly sig-
nificant part of the diet. Paradoxically, the trans-
mission of two of the pentastomid parasites of
Osteolaemus may not be significant at this time.
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Temporal Variation in Anuran Calling Behavior: Implications for

Surveys and Monitoring Programs

ANDREW 8, BRIDGES AND MICHAEL E. DORCAS

I.l:eml of amphiblan declines has raised the need for effective moni-
toring programs. Call surveys are a standard approach to monitoring populations
of most anuran species. Temporal variation in calling activity, however, may result
in failure to detect some species. A d recording (ARS);!Iowcun-h-
tent sumpling for extended periods with little or no dlﬂl;rbam:e to calling anurans.
We used u; ;\9!; to meuurleh:mponl variation in anuran calling activity during the
summer o at a Carolina bay on the U.S.

River Site, South Carolina. We d / d : D:P"Tﬂ'n : Euei.ll'ixc”. iw"'.nm:hh
calling activity, a phenomenon that, using traditional call survey 1

result in failure to detect some species. l: particular, we rmmdqlh:e:::qt:::n‘l.’:ﬂ
ard Frogs (Rana sphenocephala), thought to breed only in early spring and fall in the
reglon, called consistently from midnight until dawn during July. Because protocols
for most call surveys dictate that the listener survey only during early evening hours
most call surveys would not detect the presence of this species. Our results ind.lcltc;

that temporal variation in anuran calling activity warrants further investigation and

should be idered when d

ECENT concerns over amphibian declines
have resulted in the development and
standardization of surveying and monitoring
methods (Heyer et al., 1994). Techniques used
in such programs are based on the supposition
that the animals are active during the time of
sampling. Because many amphibians are active
for limited periods of time during any given day
or season, knowledge of amphibian activity pat-
terns should form an essential component of
such programs (Peterson and Dorcas, 1992),
Volunteer-based call surveys (McDiarmid and
Donnelly, 1994) are the primary method for
censusing anurans in numerous regional and
state monitoring programs. To assist program
coordinators, the North American Amphibian
Monitoring Program (NAAMP) has developed
specific protocols for conducting anuran calling
surveys. Volunteers, afler listening to identifi-
cation tapes of anuran vocalizations, proceed to
selected wetland areas were they listen for three
minutes. Observations begin one-half hour after
sunset, and the entire route should be run, in-
cluding travel time to and from the wetlands,
within two hours (U.S. Geological Survey, North
American Amphibian Monitoring Program,
hitp:/ /www.im.nbs.gov/amphibs.hunl, accessed
25 June 1999),

Volunteer-based call surveys, while allowing
economical coverage of large areas, may fail 1o
detect all species present and result in an in-
accurate assessment of anuran populations. Po-
tential problems include misidentification of

ol
ping anuran

ing programs,

anuran calls by inadequately trained volun-
teers; lack of a permanent sampling record to
verify species identification; disturbance to
calling anurans; and interspecific, temporal,
and environmentally induced varfation in call-
ing behavior,

The use of automated recording systems
(.?RS) can remedy many problems associated
with manual call surveys (Dorcas and Foltz,
1991; Peterson and Dorcas, 1992, 1994), These
systems provide the ability to sample for extend-
ed periods of time, thus increasing the proba-
bility of detecting a given species; decreased dis-
turbance to calling anurans, thus decreasing the
probability of missing easily disturbed species; a
permanent sampling record allowing repeated
evaluation by multiple investigators; and the
ability to accurately evaluate interspecific and
temporal variation in calling behavior. Perhaps
most important, data from ARS can be used to
develop models to optimize effectiveness of
manual call surveys.

We used ARS to quantify and evaluate tem-
poral variation in calling activity of summer
breeding anurans at an isolated wetland in
~Scn.lth Carolina. We documented considerable
interspecific variation in calling activity, a phe-
nomenon that, using traditional call survey
techniques, would result in failure 1o detect
:orm;‘ species. In particular, we found that
Southern Leopard Frogs (Rana nocephala) ,
!huughl to breed unlygi:x carly :;fr'il:g and l‘a}l
in the region, called consistently from midnight
until dawn during July.
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