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Abstract. Caiman ¢ croeedilus construcred nests on small dlevitions in swiarnps during the long rainy season
(May-July). Eggs were buried just beneath ground level and in addition covered by a small mound of dry
leaves. This nest type is intermediate between the hole-type and the mound-type nest. Hatching occurred
from the beginning until midway into the long diy season. One of 1wo egg-containing nests seudied was
destroyed by predatars. In the other nest 18 of 28 eggs hatehed, which eoincides with estimates based on pod
sizes and estimated ch sizes, Hatehlings seayed together (sometimes associated with soconed year
caimans) for up to 18 months. Most of these pods were anended by an adult caiman for about seven
months, until the beginning of ihe long rainy season. The sex vatio of pewhormn young was 0.5, but some
pods seemed 1w oo of one sex only (sex fatio being 0 or 1) These results are compared with data on
other populations of C. cwendilis ad other crocodilians. In general there is a correlation between the nest
type used and the nesting season; hole-nesting speeics nest in the dry scason, whereas mound-nesting
species wsually nest in the rainy season. Nesting in the dry season by mound-nesting spueies oeeurs and
possibly cian be explined by avoidance of comperiton with sympatric mowd-nesting species.

Introduction

During the last decade, data on the nesting of Caiman ercodilus have inereased
significantly (e.g. Alvarez del Toro, 1974; Rivero Blanco, 1974; Staton and Dixon,
1977; Grawshaw and Schaller, 1980). However, most of these data were obtained in
savanna pools, whereas the species over most of its range occurs mainly in rivers and
crecks in forest and swamp areas. During a study of the migration and population
dynamics of €. crocodilus in northern Suriname (Ouboter and Nanhoe, in press), we
collected additional data on the nesting and parental carc of this species in swamp and
swamp-forest habitats. In these habitats, nests were very difficult 1o locate and data
that could only be obtained at the nests themselves are scarce. However, our limited
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observations disclose some differences from data in other studies. In contrast to the
situation in savanna pools, pods (groups of juveniles which stay together for !cve-ral
months) were easy to observe in the habitat we studied. Hence we can present new in-
formation on these pods and additional data on possible parental care.

Study arca

The main study area covered part of the Coesewijne river, a rather narrow river with a
length of 190 km, draining a vast savanna, swamp-forest and swamp area in the (.:onuml
lowlands of central Suriname (see Fig. 1 in QOuboter and Nanhoe, in press). This arca
has four seasons: The long rainy season (May to July/August), the long dry season

Total length days
(in cm)

Maonth

™ e n
Figure 1. Average growth curve and size vange for the latchlings of pod no 1 which was used o determim

ihe age of other hachlings cangla

(July/August to November), the short rainy season (December and Ja 1'-|ry) and l.l;:-.
short dry season (February to April). During the long dry season, most branch-crecks
ol the Coesewijne river become completely dry and in the largest .nl' them, Zeckoe
creck, the water level drops to between 20 and 70 cm. In the short TRIY ScASon, some
areas may become flooded; in the long rainy scason, near].y all land is inundated. In
1983, the long rainy season actually started in March/April and the short dry season

was not noticeable, :
Observations were concentrated in an area around the first 2 km ol Zeckoe cree

and 5 km upstream and downstream on the main river. Along most of its length the
Coesewijne is bordered by xerophytic swamp-forest and downstream by grass- and
fern-swamps (Teunissen, 1978). Zeckoe creck drains a large grass-swamp. On elevated

areas one can find meésophytic dryland forest. Zeekoe creek is the only branch-creck of

the Coesewijne with dense aquatic vegetation, mainly ol Nymphaea rudgeana. Most

Nesting and parental care in Caiman crocodifus 333

branch-creeks and the river itsell lack aquatic vegetation, More details on the Coese-
wijne area are presented in Ouboter and Nanhoe (in press).

Additional data were collected on the Maratakka (western coastal Suriname), a river
bordered by mesophytic dryland and marsh-forest, in the upstream part of Casse-
winica creek (eastern coastal Suriname) which is bordered by swamps, and in pools
situated in cultivated arcas near Lelydorp and Domburg (central coastal Suriname).

Methods

The Coesewijne arca was visited on ten oceasions between September 1982 and Oc-
tober 1983. Most visits lasted for four weeks, but some took only a few days. The
Maratakka was visited for three days in December 1982: the Cassewinica for six days
in February 1983 and again for three days in June 1983, A pool near Lelydorp was
visited regularly, the one near Domburg only once in February 1983,

For transportation 10 m dug-outs with an outboard motor were used. At night
caimans were located by the reflection ol their eyes in the beam of a G-volt headlight,
Juveniles were captured by hand, marked, measured and sexed,

Caimans were marked by cutting one or two triangles out ol one or more dorsal
scutes of the single tail crest with a tinsnipper, Only the fivst (proximal) six scutes were
used, beeause the loss ol part ol the tail is known (o oceur frequently in some popula
tions. Tnhatehlings, marks usually hid o be renade upon recapture; i older vidmans,
marks remained clearly visible for the ol period of 12 months,

Sexowas deternined by pressing beneath the pubis at the vent with one or two
lingers, bending the til upwards ar the some tme. The penis should protrude il the
specimen i amale (Chabreck, 1963), In contrasi o Alligator mississippiensis (see Joanen
and MeNease, 1978) the dilference between penis and clitoris was cleardy visible in
these populations of €. crocodifus, even in hatehlings, but specimens over one or two
months of age were sometimes reluctant to protruce anything.

In the Coesewijne population the age of hatchlings was determined by means of the
average growth figures for one pod (the pod for which we obtained most data) (Fig. 1).
This pod (no. 1) probably consisted of males only. In crocodilians, growth seerms to be
cqual in males and females up o a length of about | m (see e.g. Chabreck and Joancen,
1979: Webb et al., 1983a). Thus, we think that the unisexual composition of this pod
does not influence the growth curve, The curve presented (Fig. 1) was used direcily to
determine the age of hatchlings that were caught for the first time stll within the long
dry season (most eggs hatched at the start of this season). For older hatehlings, the date
ol hatehing was estimated by constructing a line parallel to the growth curve of Fig. |
Gissuming that growth was depencent on the season and independent of the date ol
hatehing within one season),

During the long rainy season all potential nest sites were searched. Nests wepe
opened and eggs counted, after which the nests were closed again as neatly as possible
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One egg from cach nest was opened to determine the species concerned (Paleosuchus
palpebrosus lives in the area too) and the stage of embryonic development.

Results

Nesting season

In the Coesewijne population, pods of newborn caimans were found between mid
September and mid November in 1982, In 1983, the first pod already was seen at the
end of August and most pods were probably born before the beginning of October.
The calculated dates of hatching of all pods found, are shown in Table 1.

Table 1. Age and date of birth of 14 pods in the study area, caleulated with the help af Fig, 1 (see Methods).
For pods nos, 6 and 12 the number of specimens first encountered wis so low that data from a later catch
with more specimens are included as well. Locality ix indicated as kil from the ¢ ¢ of Zeckoo
creek and the main river; C - Zeckoe creck; U - Coesewijne upstream; 1 - Coesewijne downstream.

Pod no. Locality Dhate first found Mean size of Age Caleulated dare
hatehlings (clays) of hatching
1 G o910 10-10-1982 265+ 1.1 15 25-00- 1982
2 U 23 27-10-1982 25.741.0 12 15-10-1982
3 D23 20-11-1982 233402 4 16-11-1982
+ G 1.2-1.3 19-01-1983 2,64 1.2 - 03-11-1982
5 (&3 BE Y 1 22-01-1983 45.6 . = 03-04-1982
6 G 1820 28-03-1903 S - 09-11-1962
€ 1L.A-2.0 08-05- 1983 425425 = 25:00-1982
7 D12 20.00- 1984 A04 414 40 20-08-1983
[} -2 21-08-1983 2.6£1.1 12 19-09- 1983
9 GO0 25:009- 1987 305407 30 25-08- 1983
1n o 26-09-198% Ho6g08 30 26-08- 1983
1 a1z 26-09- 1984 W[os08 12 14081983
12 27-09- 1943 28417 n 05-08- 1963
Q010100 PO B 2 AR AU IR
13 090100 1/Whe0.7 12 2700088
14 W7 101904 2,0 m0.8 1] 200 198

Assuming that growth rate is the same, the tme of hatching in other vivers can be
determined by the length of first and second year juveniles caught. In the Maratakka
(western Suriname) only one second year caiman could be found. T size (008 )
corresponded well with the size of 15 months old juveniles of Coesewijne (Fig 2). In
fiest andl second year juveniles from Cassewinica creek (eastern Suriname) there wis
more variation in size (Fig. 2), but on the whole their size was not significantly dil
ferent from 5 and 17 months old juveniles of Coesewijne (Wilcoxon-Mann-Whitney
R-test (Zijp. 1974), first year juveniles: 19<R <26, P>0.05; second year juveniles:
R = 72.5, P>0.05). So, in all three rivers examined, hatching occurred between the
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Figure 2. Size of first and second year juveniles caught during the study period.

end of August and mid November, i.e. from the beginning till halfway into the long
dry season. In 1983, most young hatched considerably earlier than in 1982, This is
most likely to be correlated with the carly start of the long rainy season in 1983, during
which the water level started to rise quickly at least one month earlier than in l';BQ {un-
published data). Nesting probably starts after the rise of the water above u certain
level, Taking into account the incubation period determined by Alvarez del Toro
(1974: 7"5—80 days) and Staton and Dixon (1977: 73 days), all clutches were laid in the
long rainy season (with the water level exceeding 140 em above shore level), This
agrees well with the period in which we found active or recently destroyed nests (see
Nesting).

The situation in pools was sometimes quite different. Tnoa pool nea Lelydorp (cen-
“f'] coastal Surinmme) four recently born hatehlings were seen in September (agreeing
with the Coesewdjne hutehing season), Three duvenies canight, out of a pod of eight, in
a ool near Domburg (cental comtal Surinmme), howeve :

‘ o, diflered significantly from
lst year juveniles of /

ewifne (Wilkoxon Mann-Whithey Retest, R « 6, 1*<0.005),
bt were oo small for second year juvenilos (R = 6, P<0.005) (Fig. 2). The same pool
wan alao nhabitated by an least two much smaller Juveniles. One of these was caught
aned wan comparable in sie with Coosewijne hatchlings. .

Nesting

Nest construetion was never observed and, due to difficult terrain, only few nests were
zulllul. On June 25 two nests were found along the Cassewinica creck (castern
Attiname), one of which was already destroyed and one active (containing 14 eggs). OF
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three nests discovered along Zeekoe creek in July, one was freshly constructed but
empty, another was already destroyed and only the third contained eggs (28).

In spite of an intensive search of all forest islands that remained dry during the long
rainy season, as well as of the wet swamps, no nests could be found there. All five nests
discovered were in the swamp, but on small (2 to 5 m?) elevations, which were usually
located along small creeks. Their vegetation mainly cc d of Montrichardia ar-
borescens, but owing to their elevated position some other bushes and even trees grew on
these islets. These islets probably were formed by a silting process between the Mont-
richardia-stems, They were ideal nesting sites to limit egg predation by terrestrial
animals, since the land was inundated for kilometers in all directions. Nests were partly
shaded, The egg-chambers were just below ground level and the eggs were covered by
small piles of dry leaves (of 20 to 30 em in height), which the females apparently
gathered in the small clearings between the bushes. The substratum below the nests
mainly consisted of dead leaves too. In all nests discovered, the ground and the plant
material surrounding the eggs or the remains of the eggs was already laced together by
growing rootlets. The height of the eggs above the mean rainy season water level was
30-80 em.

Hatching and nesting success

Direct data on hatching could only be obtained at the Zeekoe creek nest. On July 6,
when it was discovered, two eggs out of 28 had decayed and another one, containing a
viable embryo, was removed by us, When checking the nest on August 4, an uniden-
tified animal had been digging a hole, but had only damaged the uppermost egg, so 24
egus remained. Of these 17 hatched successfully, six were found to have decayed, and
one had hatched but the hatchling did not leave the nest and died. When found (on
September 7) the dead hatchling had not yet decomposed and only a small part of it
had been eaten by the ants that inhabited the nest. Apparently hatching took place only
a few days earlier, All of the egg shells in the nest were intact, except for the holes
through which the young had escaped. The hatchlings left the nest not at the top, but
through a sloping passage, leading down to the water. No hatchlings were discovered
near the nest.

Thus, of 28 eggs, 17 (61 %) hatched successfully, or assuming that the egg taken by
us would have hatched, 18 (64%). Data [rom this single observation, can be checked
againgt the number of hatchlings in a pod soon after hatching; this ranges from 6 to 32
(mean 18 £ 7, n= 11) (Tab. 2). Assuming an average clutch size identical to that of the
Venezuelan population studied by Staton and Dixon (1977), i.c. 28.6 eggs, these
values too indicate a hatching success of 64%.

Our data on the percentage of nests from which young hatched are meagre, Of the
three nests found in the Coesewijne population only one hatched (33 %), or excluding
the empty nest 50%.

Assuming that sexually mature [emales nest every year, the proportion of nests that
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Table 2. Size and sexual composition of 14 pocls i iman
. in the study area and the presence of i

:\:d:or u-lco_nd year caimany near the pods. Pods nos, 4, 5 and 6 were found afu-t the l::g“dr:rnu:::l: c:; that

E: jnnrlullllon with an adult caiman and/or second year caimans could not be ascertained. Data nn‘ second

year juvenlles near pods nos. 12 and 13 are combined, because these pods were tugether in the same créche

- = A
Pod no. Breeding  Adult caiman Number of sccond  Males  Females Sex unknown Number
season  seen near pod  year caimany 1-.um' ed
seen near pod "

I 1982 . 2 :

2 1902 + - Iﬁg lI) I? 2:5

- 192 0 - 8 7 ‘I) .

4 l'\m? (=) (=) 0 4] ] l:

;- 1982 (=) (=) 0 o 1 1

0
1902 (<) (=) 1 ) + 14

7 1903 . - ) L] 0 14

8 %

A l‘!llﬂ I 12 1y 0 22

g 1983 i h ] 2 f

10 1983 ' 7 2 ;i g

il 1904 i 0 14 : o
12 1983 f . 2 n 0 2
13 1983 ! e 7 1 : 2
Ll 1984 - 1 4 1 :: Z:

produced live young can also be calculated using the number of pods and the number
of mature females. [n the 1982 nesting season six pods were counted on about 48 adults
of five years and older (these are sized over 120 cm and are probably sexually mature
(see Rivero Blanco, 1974 and Staton and Dixon, 1977)). Assuming a sex r;l[‘iu :;I" 0.5
(sce ()u.bolcr and Nanhoe, in prep.; sex ratio expressed as proportion of males) [h.i-ﬁ
results in a proportion of successful nests of 6/24 or 25%. But not all females m'-m-(ll
every year; l‘wo females outfitted with radio-transmitters (see Ouboter and N:""]"“: in
|:r¢'ss) occupied habitats during the nesting season most unlikely for nesting. So .lln'
ligure of 25% successful nests is 100 low, Gorzula (1978) !sll!.:;;r.;lﬂl that |l'rl1;lll'sllll‘\l
every two years. Application to the Coesewijne population, predicts a proportion of
asuccessful nests of 50% and an overall hatching success of 92% (= 50% of 64 %)

FParental care and formation of hatchling groups

We could not make any observations on nest attendance, On two visit (day and night
no ?!I’].ll]l was seen near the active nest along Cassewlinlon ¢ reek and only once in l"::::}
day-time visits and four night-time visie an adule wan seen near the au'li\-;v. 7:.‘ck0::
ereek nest. This caiman disappenred tmedintely when approached. i

.‘.\I the active Zeekoe croek nest, no shgns of nest opening by one of the parents w
visible after hatching, The pansage through which the young escaped was very r;llrrzr\E
(about 3 cm wiele), 11 s unlikely that it was made by one of the parum.; : "

Cutal 11 newborm pods (1982 and 1983 breeding season) at least nine .wrrc usuall
Accompanied by an adult caiman of 120 to 140 em total length (Tab, 2). Tllr;'\'t' a::ravz



338 Paul E. Quboter, Lurly M.R. Nanhoe

dived before they could be captured, but their length indicated that they probably were
females. Some disappeared completely on approach, but most remained close by as
their hatchlings were handled, sometimes submerging for some minutes and surfacing
again in another spot bearby. On three occasions the accompanying adult displayed in
response to the hatchling's distress call, swimming rapidly in our direction and beating
on the water with its tail. They never attacked, however. The adults could be seen near
their pods until the beginning of the long rainy season, i.e. for a period of live to seven
months. During the long rainy season, observations were difficult to make, due to
dispersal of the caimans (Ouboter and Nanhoe, in press). One adult attending a pod
that only consisted of second year juveniles (about nine) was observed during the 1982
breeding season. However, several hatchling groups were accompanied by a small
group of second year caimans, This assaciation was observed in six out of eleven pods
(Tab. 2). At least four of the six second year juveniles that were found with pod no. 9
were marked in the same part of the creek the year before and were members of pod
no. 1. The second year juveniles associated with the pod nos. 12 and 13 were members
ol pod no. 6, which also inhabited the same part of the creck, On the other hand, some
juveniles travelled for long distances during the long rainy season (Ouboter and
Nanhoe, in press) and the three second year caimans associated with pod no, 14 came
from pod no. | (min. distance 2800 m), pod no. 3 (min. distance 2700 m) and pod no.
6 (min. distance 2900 m).

Transportation of the young by an adult, which is reported for Crocodylus nilaticus
(Cott, 1971; Pooley, 1974; Pooley and Gans, 1976) and A. mississipprensts (Kushlan,
1973), was never observed in C. cocedilus, but probably occurred requently in the
Coesewijne population, That is, some pods crossed the river or pods of a few weeks old
suddenly appeared in an area where we had not seen them belore. We think that these
movements of whole pods over rather large distances are only possible when an adult
carvies the young on its back or in its mouth. The observed movements are listed
below: Pod no. % crossed the viver at least two times, onee hetween November 1982
and January 1983 and o second time Between January 15 and 20, Pod no, B erosed the
viver and moved another 200 m downstream between September B oand 21, 198, No
juveniles were Tound near the Zeekoe creck nest which had hatehed a fow days beton
we visited it On September G, 1983 pod no, 10 (age about 30 days) appeared i place
in Zeekoe creek where it had not been belore, and on October 7, 1983 pocd nee B Gage
about 40 days) appeared at the entrance of a branch-creek where it haed not been
before.

Most pods remained in or were brought to Zeckoe ereck, which seems to be an ideal
nursery site because of shallow water, shelter provided by aquatic vegetation and vich
insect lile, Consequently the distribution ol hatchling groups between river and
branch-crecks was not random (y2-test, y*=178.34, P<0.001) (see Ouboter and
Nanhoe, in press),

Crocodilian hatehlings keep contact with each other, and probably with the atten
ding adult as well, by grunting (Cott, 1961; Campbell, 1973; Herzoy andd Burghardr,

ot i i M v
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J_???; Crawshaw and Schaller, 1980; Magnusson, 1980; Medem, 1981). In the Coese-
wijne population the young of some pods were quite silent, while others grunted con-
tmunu.sly. Movement was always in the direction of other grunting young, even wh
potential enemies had to be passed on the way to the source of the snund’(s-) -
. h} hatchlings of the C. cracodilus population studied, the penis could cllsar] I
distinguished from the clitoris by its larger size; however, by the age of two to r’;;r-m'
month:f scxing.was hampered as most males were reluctant to protrude the penis I)EZ
10 our mnexperience, a great number of hatchlings could not be sexed in 1982, Fi- res
for 1983. are much better, showing a sex ratio of 0.5 (53 males and 53 females) T!}{]Li]
a combined figure; separate pods may show very different sex ratios (TaB ‘.2) TS -Ih
pods of the 1982 breeding season (pod nos. | and 6) probably consisted of tr-rl : “ID
and all 14 hatchlings of pod no. 11 were females. v N i

Discussion

In the t.hl'tfe rivers studied, the nesting period of €. crocodilus coincides with part of the
long rainy season (May-July) and most young hatch ar the start of the long dry season
(i\uvgt.xsb()c(ober). This is in agreement with data provided Ly Medenlw (158"3) for
f_:i:l]lbl (castern coastal Suriname) and Uitkijk (central coastal Suriname) In. I (l)l
Guyana (Beebe, 1917) and French Guiana (Medem, 1983) the nesting pcriuc; s‘eu-m:,(x:
be the same as in Suriname. Medem (1983) reported slighty ]n‘l'lQ‘('l‘ pr:‘.imltllm'
C.}u.\'ana: nesting [rom the end of April till August/September and imltl hing I'lum']
tll Novemnber, In the Venezuelan part of the Guianas the young h ) .
November (Gorzula, 1978). Outside the Guianas nest ; 5

uly
atch in October and

WO - . Y K
‘luu‘ In the Venezuelan Llanos from August il Octoler :Hll.||‘|:|lllj|.;|:lnl ‘l‘ll\‘mlllmll"l :" .I““;
ln.tf.u' antanal (southwestern Brazil) in January (Crawshaw and S h.l“n‘ll I'l:llllll”“
I'he breeding biology of € crocdilus seemn to be correlited with water I ;I‘I’I Apart
Prom species aceupying areas with o velatively cold pentod, thin prabuhly Holids I|;1n! ;un
oot ceocotibmme Fovganon P95 conld not T wonsintent ey hetween breeding
thinen and water lovels acron wll wpecien. However, i one ditmguihes wo llt-‘li:I’:
Fie wbritegien aned two nest-types, o correlation bcamos clem (Tal, 9. One M“'l’:;* ::I'
wiler leveln are vinbng. Avcording o Cort (19019, 15 ik te acdvantage |ljal|'(|l:|:-1s|\:|l;l:;lu:

it 'y ‘
i Dikely o b Dowsdedd, that the o bt i the vicinity of water, th clispersal is

cracadiliang neste when water lovels e poceimg o low and the youny

vany anel that Tood, e, fomectn, tnabandant Fnpocially the fiest point seems important
an all Bolesnentinge croeodiliaim exhibi iy atratogy (Tal, Z!).'u'l'lu-y 1IN;lEI||leil'\’l'()l) cl;:'l‘
sl banks or on the shiore of @ river o lake, These sites are not uvni]ul)l;- dul‘in'\'
peitds of lngh water or are extremely vulnerable (o Nooding, so that the best pc'ri(l:
o neating wowith receding or low water during the dry scason. In most areas ui‘ the
Sl the precipitation cyele is such that, with this nesting strategy, the young hatch
with vy water levels, with the coincident advantages mentioned by Cott H:;\ ver

W could think of some disadvantages as well: for -inmuncr-, in some : e

areas newborn
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young will have fewer opportunities to rest in shallow places and consequently it will be
more difficult to remain together as pod (also see p. 344). In the region occupied by the
Coesewijne population of C. eracodiliis inscet food is Jjust as or even more abundant at
the beginning of the dry season than during the rainy season (pers. obs.). The only
departure from the rule that hole-nesting species nest with receding or low water is
Crocodylus niloticus in Southern Africa (Pooley, 1969). Here the dry season coincides
with the coldest period of the year, when temperatures are too low for successful in-
cubation of crocodile eggs.
The second nesting strategy is described for C. crocodilus (Rivero Blanco, 1974,
Staton and Dixon, 1977; Crawshaw and Schaller, 1980) and for Crocedylus porosus
(Webb et al., 1977, 1983c), but probably occurs in some other species as well. In this
case, nesting starts in the rainy season and the young hatch at the end of this season or
at the beginning of the dry season, Crawshaw and Schaller (1980) mention the follow-
ing advantages: 1) on account of large parts of the area being flooded, females are able
to select nest sites where the chances of egg predation are reduced, 2) hatchlings can
avoid intraspecific competition for food during the first months of their lives, 3) in the
rainy season humidity is high and temperatures vary little, which has a positive in-
fluence on hatching success. These ndvantages also apply to the Coesewijne popula-
tion, although the second is inconsequential, A completely different set of reasons for
nesting in the rainy season has been suggested by Staton and Dixon (1977); reasons
mainly related to disadvantages for the female 10 follow the first mentioned strategy,
which is thought to enhance the survival of the young: 1) for hatchlings to emerge dur-
ing the rainy season, nest building and incubation must oceur during the dry season.
In the Venezuelan situation the female would have to guard the nest at a time when she
finds neither shade nor water for cooling or protection, and 2) she would have to con-
struct the nest of dry materials, Even il these arguments are realistic for the
Venezuelan habitat studied, the advantages suggested by Crawshaw and Schaller
(1980) (see above) could apply just as well (egp predation after receding water levels
(see advantage | mentioned by Crawshaw and Schaller) is indeed mentioned by Staton
and Dixon (1977)) and these probably have o more general validity. At any rate,
Staton and Dixon's (1977) arguments do not apply 1o the Coesewijne population; here
shade, water and fresh nest material are available near all known nest sites throughout
the year,

Most species that exhibit the second nesting strategy, construct mound-type nests
(Tab, 3), These nests are probably mofe vulnerable to desiccation and excessive heat
than hole-type nests and cansequently more suitable for nesting during the wet season,
during which temperatures tend to be lower, In addition nesting material is more
readily available during this season (Magnusson, pers, comm.). In contrast 1o the hole-
nesting species, which follow the first nesting strategy almost without exception,
mound-nesting species show more variation in nesting strategy (see Tab. 3). A mound-
nesting species will probably have less difficulties finding a nest site in a wet spot
(shade) during the dry season, than for a hole-nesting species to find a spot that is not
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likely to flood during the rainy season. Consequently mound-nesting species will be
able to adapt more readily to local circumstances. A possible reason why some mound-
nesting species nest in the dry season could be avoidance of competition with sympatric
(syntopie) crocodilian species; competition for nest sites and competition of hatchlings
for food and shelter, Unfortunately too few data are available on sympatry and nesting
season of the crocodilians eoncerned, to support this idea with clear observations. The
data available are presented in Table 3 for the sympatric pairs: Crocodylus porosus /
Crocodylus novaeguineae, Crocodylus moreletii ! C. crocodilus, C. crocodilus [ Melanosuchus niger,
C. erocodtlus | Paleosuchus palpebrosus.

So far, no explanation has been given for the juveniles of aberrant size in the pool
near Domburg, This pool is surrounded by cultivated land and not subjected to
seasonal flooding. Here the breeding season may not be strongly fixed by the seasons
and breeding could oceur all year round. Assuming the same growth rate as for
specimens in the Coesewijne area, the larger Domburg juveniles will have been about
four months older than Coesewijne juveniles and consequently must have hatched in
May, at the start of the long rainy season. Another possibility is that growth rate is
slower in small pools, due to insufficient food (compare slow growth rate in savanna
pools observed by Gorzula (1978)). Another indication in this direction is that the
smallest specimen of the oldest pod at Demburg was rather lean. The presence of a pod
of much smaller hatchlings in the same pool could support either explanation.

Mound-type nests are constructed by at least 13 species of crocodilians, whereas
8 species construct hole-type nests (Tab. 3). Opinions differ about the origin of these
two different nest types and about the rigidity of crocodilian nesting habits. Neill
(1971) claimed thar actually only the mound-type nest exists and that even crocodilians
nesting in sand use this to shape a mound; this suggestion cannot be taken seriously.
Wermuth (1953) argued that all transitions between hole-type and mound-type nests
exist, so that the nest type lacks phylogenetic significance. Greer (1970) disagreed,
claiming the nest type o be phylogenetically fixed for a certain species. One year later
he suggested that nest type correlated with habitat o (Greer, 197 1) Camphell (1972)
confirmed a correlation with the habitat, but e mentioned several cases i which
species departed from their usual nesting habitse s view s partly supported by
observations of Ogden (1978) who observed that Cracodylun aentus constiueted Loth
hole-type and mound-type nests, as well as intermediate anes, hut who denied o cor
relation with the habitat, He reported that young lemales used holestype nents o made
a small mound, whereas older females construeted large mound-nests, Webb et ol
(1983b) agreed with Greer (1970, 1971) that the nest type used by i certain species is

fixed, although correlated with the habitat; mound-nesting characterizes crocodiliang

which nest during wet seasons or in wet environments (see our discussion on nesting:
season/nest-type relations on p. 341, They argued that the cases of species that use both
nest types are poorly documented, or, in the case of Crocodylus acutus, the nest pile does
not resemble the mound-nests constructed by other species. However, both Alvarez del
Toro (1974) and Medem (1981) mentioned low ‘‘real’” mound-type nests for Crocodylus
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acutus and Medem (1981) also documented a mound-type nest for Crocodylus intermedius.

C. crocodilus is always reported to construct mound-type nests (e.g. Staton and Dix-
on, 1977; Crawshaw and Schaller, 1980; Medem, 1981). However, the nests we found
in the Coesewijne and Cassewinica populations were clearly intermediate between the
mound-type and the hole-type, There was probably insufficient material available for a
big pile. In a real hole-type nest on the other hand, the eggs would be too close to the
water level, increasing the chance of flooding. So, caimans using this kind of nest site
are probably forced to use the intermediate nest type described. On the basis of these
observations we agree with Campbell (1972) that the behaviour of some crocodilians is
sulficiently flexible to permit the construction of different nest types depending on the
kind of habitat. However, the nest type which is usually made may have a phylogenetic
significance.

We have data on the proportion of eggs which hatched (which was 64% ) for one nest
only, and the figure for the proportion of nests that produced live young (50 % ) is based
on the observations from two active nests. The other methods used to caleulate these
proportions (number of young in a newborn pod and number of pods on the number ol
reproductive females) seem to support the figures obtained. Although these methods
are based on many assumptions, the figures obtained are well within the range known
for other crocodilians, but rather high compared to other populations of € crocodilus
Staton and Dixon (1977) reported an average proportion of successiul nests ol 15 8%
and Crawshaw and Schaller (1980) an overall hatching suceess of 20015 Tn both cases
the main cau

: for these low figures was predation, In the Coesewijne population
predation is probably limited by nesting on the swarmp nest sites desenbed

In most crocodilians the fermale opens the nest, asanlly incesponse o the higehlings
calling within the eggs (Beebe, 1917, Con, 1961, 1971 Modba, 1967, Pooley and
Cians, 1976; Pooley, 1977, Weblet ol 19085 Bustard, T9849) and in one case even
the male win observed o free the Tiee bl From the nest aned the siill unharched
puventles from the eggs (AIvares del Tora, 1969) When the walls of the egg-chamber
e haed, neat opering e essential lor the survival ol the hatehlings (Cot, 19615
Moggomson, TO00) Do the cane ol lens compact neats, Tor instance the grass nests of 4.
e, ARy Yol manage to escape from the nest by themselves (Joanen,
1969y The news of the Comewljne und Crssewinicn populations lacked hard egg-
chnmbers, bt the moteoal sucrounding the eggs was laced together by a network of
wrowing routlers, wo thar freeing themselves without outside help must have been hard
wih ton the haehilings. Clrawshaw and Schaller (1980) suggested the same for C. ¢
e nents, where toots also contributed to the compactness of the nest-piles. The
hatehlings from the Zeckoe creck nest hatched (i.e. emerged from the eggs) by
thermnelves, an all gy shells remained in the nest and the shells were intact, except for
the holes through which the young escaped (see Crawshaw and Schaller, 1980). They
probubly even escaped from the nest unaided. It is unlikely that the mother would have
lieen able to make the narrow passage through which they escaped.

According to all reports on adults attending a créche (usually assumed to be one of
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the parents), the adult leaves the young after a few weeks in Crocodilinae (Cott, 1961;
Modha, 1967; Pooley and Gans, 1976; Webb et al., 1977). Gharials (Gavialis gangeticus)
stay with their pods for at least some weeks, but the exact duration of attendance is
unknown (Bustard, 1980). In the Alligatorinae, longer periods of attendance have
been reported. A. mississippiensis stays with its pod for more than a year (Chabreck,
1965). In €. erocodilus attendance on a pod varies [rom two weeks to four months men-
tioned by Staton and Dixon (1977), to 18 months observed in the Coesewijne popula-
tion and in the Venezuelan population studied by Gorzula (1978). It is not certain if
the duration of attendance depends on the subfamily concerned, as suggested above.
Another possibility is a relation with the hatching season. Newborn hatchlings will
have more difficulty remaining together during the rainy season when water levels are
high.

It is not known whether long periods of attendance in C. ¢rocodilus are usual or excep-
tional, If the [irst and second year juveniles which are members of the same criche
have the same mother and she is the one attending, then 18 months is the usual period
of attendance. This would also mean that at least some females nest in two successive
years. The fact that one créche was partly made up of second year juveniles originating
from three different pods, suggests another possibility. We believe that the association
of first and second year caimans is advantageous for the latter (maybe also for the
former), because they obtain protection from the presence of the hatchlings’ attending
adult in this way. The distress call of a crocodilian does not only arouse the response ol
the attending adult, but of other conspecilics as well (e.g. Neill, 19715 Goraula, 1978,
pers, obs,), This makes it likely that the atending adult also will defend the second
year caimans in its créche against predators. This tendency of young to seek the protec-

tion of a group and a (probably related) adult may occur in more species of

crocodilinng, Webb et al. (1977), stdying Crocodplus porosus, tecovered o hatehling
after 55 days in another group of hatchlings 5.6 km upstream. Strangely enough,
reports on criches with both fivst and second year crocodilians are rare. This associa-
tion has been mentioned for G0 crocodilus in Guyana (Beebe, 1917) and in Venezuela
(Gorzula, 1985),

In A, mississippiensis the difference between penis and clitoris is not clearly visible
before the 18th month (Joanen and McNease, 1978). In the C. crocodilus population
studied by us the penis was already much enlarged in male hatchlings. The same holds
true for Cracodylus johnstoni (Webb et al., 1983b, 1984) and Crecodylus perosus (Webb and
Messel, 1978; Webb et al., 1984).

In both A. mississippiensis (Ferguson and Joanen, 1982, 1983) and Cracodylus johnstont
(Webb et al., 1983b; Webb and Smith, 1984) sex was found to be determined by the
nest temperature. The existence of unisexual pods in the Coesewijne population of €
crocodilus could indicate the same mechanism of sex determination. Measurements of
nest temperatures could confirm this, Unfortunately the nests of these unisexual pods
were not known to us.
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