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ABSTRACT.—Caiman crocodilus crocodilus and Melanosuchus niger occur throughout most of the Anavil-
hanas Archipelago, located in the lower Rio Negro, Central Amazonia. The observed densities of these
species vary from 0 to 58 per km of shoreline and 0 to 8 per km of shoreline, respectively. Multiple regression
analysis indicated that the temperature difference between the water and the air, and water depth affected
the observed density of C. crocodilus during spotlight surveys in the Archipelago. Percentage illumination
by the moon, cloud cover, frequency of occurrence of grass, and food availability did not significantly affect
the observed density of C. crocodilus.

Nine hatchling groups of M. niger that hatched in 1992 were found on islands near the north bank of the
Rio Negro, and 15 of 20 hatchlings groups of C. crocodilus were found closer to the south bank, indicating
a tendency for separation of nesting areas. Discriminant function analysis indicated that water depth and
presence of grass were correlated with the occurrence of hatchling groups. Melanosuchus niger hatchling
groups occurred in areas with deeper water and more grass than those of C. crocodilus.

This study showed that surveying hatchling groups in the Anavilhanas Archipelago is more efficient than
surveying for subadults and adults, which, by itself, can give false impressions about the suitability of areas

for conservation of breeding populations of these species.

The majority of studies of Caiman crocodilus
(the common caiman) have been in savanna
habitats (Gorzula, 1978; Ayarzagiiena, 1983;
Thorbjarnarson, 1995). Little is known of its
ecology in swamps and forests, the most abun-
dant habitats within its distribution (Ouboter
and Nanhoe, 1988). Melanosuchus niger (the black
caiman) is the largest Neotropical crocodilian,
reaching a total length of about 6 m (Medem,
1983) and is threatened with extinction due to
illegal hunting for its skin (Plotkin et al, 1983;
Groombridge, 1987). Little is known of the bi-
ology of M. niger in the Brazilian Amazon (Vas-
quez, 1991).

A description of the distribution and abun-
dance of a population of crocodilians is usually
the first step in their study and often establishes
basic information for their conservation and
management (Bayliss, 1987). Estimation of
abundance of crocodilians is generally based on
indices of density such as the number of indi-
viduals seen per km of bank or per hectare.
However, the methods used are subject to many
problems of interpretation when comparing
densities observed in different habitats or with
different visibility conditions (Magnusson,
1982a, 1984; Gorzula, 1984, 1987; Bayliss, 1987).
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The distribution and abundance of crocodilians
can also be estimated by counting nests (Cha-
breck, 1966; McNease and Joanen, 1978), and the
occurrence of groups of hatchlings (pods) can
also indicate nesting areas, or areas in which the
nests had been successful in that reproductive
season (Webb and Messel, 1978). Pods are mo-
bile and may include hatchlings from more than
one nest, but our observations throughout the
year indicate that pods are relatively sedentary
and hatchlings generally do not disperse before
April in the Anavilhanas Archipelago.

This was the first study of C. crocodilus and
M. niger in a black water system in the Brazilian
Amazon, and the overall objective was to de-
velop a standardized methodology of monitor-
ing caiman populations in the Anavilhanas Ar-
chipelago. We asked the following questions: (1)
Which species of caimans occur in the Anavil-
hanas Archipelago? (2) What is their distribu-
tion, abundance, and size distribution in the Ar-
chipelago? (3) Which factors affect observed
densities of caimans during spotlight surveys in
the Archipelago? (4) What are the characteristics
of areas where hatchlings of these species oc-
cur?

MATERIALS AND METHODS

The Anavilhanas Ecological Station (02°00" to
03°02' S and 60°27' to 61°07" W) is located in the
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lower Rio Negro, between the cities of Manaus
and Novo Airao, Amazonas, Brazil. The Reserve
contains 250,000 ha of terra firme forest (forest
not subject to inundation) and thousands of is-
lands (100,000 ha) (Brasil, 1984).

The Rio Negro is the largest tributary of the
Rio Amazonas and has an annual fluctuation of
9 to 12 m (Goulding et al,, 1988). During this
study in 1991, the water level of the Rio Negro
varied by 12 m. At the peak of the wet season
(June—July) the river flooded all islands, con-
necting all water bodies in the Archipelago. The
lowest river levels occurred between October
and December. The islands are elongated and
encompass thousands of lakes and canals (Leen-
her and Santos, 1980). The majority of the lakes
remain connected with other water bodies
throughout year. Canals remain connected to
other water bodies at both ends throughout the
year and have continuous flow.

The climate of the study area, based on data
for the Manaus region, is classified as Afi of Ko-

, with a mean monthly temperature higher
than 18 C, and a monthly rainfall greater than
60 mm (Ribeiro, 1976). The islands are covered
by igapo forest, a low forest that occurs in flood-
ed areas of black and clear water rivers (Pires
and Prance, 1985). Lower parts of the islands are
covered by shrub vegetation and are subject to
longer periods of inundation. Higher areas have
forest up to 35 m in height.

Distribution and Abundance—Caimans were
counted in 0.5, 1.0, or 2.0 km segments in 81
different sites in the Archipelago (54 lakes and
27 canals), between June 1991 and March 1992.
Each site was surveyed only once. Densities are
expressed as the number of caimans observed
per km of bank. Densities of caimans in the
same body of water, but outside the census seg-
ment, were not estimated but the presence or
absence of each species was noted.

Sites were surveyed between 1930 h and 2030
h, using a 5 m aluminum boat with a 15 Hp
motor, or by paddling a wooden canoce. The Re-
serve has been protected for 16 yr, the caimans
do not respond to observers until approached
closely, and we believe that both modes of trans-
port give similar results. Caimans were located
by their eyeshine using a hand-held spotlight.
In this paper, “caiman’” refers to the three gen-
erz of Amazonian crocodilians.

Size Distribution.—Snout-vent lengths (SVL)
of caimans were estimated at distances <5 m
and a sample of caimans was subsequently cap-
mured for measurement of SVL. Regression
sguations relating measured SVL (MSVL, cm) to
ssamated SVL (ESVL, cm) by Da Silveria before
“=pture were used to correct estimated SVL of
“z-mans seen in surveys but not captured (Mag-
musson. 1983). The regression lines for C. croco-
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dilus (MSVL = 16.3 + 0.76ESVL, F, .5 = 309.6,
P = 0.000) and M. niger (MSVL = 14.8 * 0.69
ESVL, F,,, = 15.8, P = 0.002) have reasonable
predictive value up to 120 cm SVL both species
(r? = 0.70 and 1?2 = 0.55, respectively) but adult
M. niger were not captured.

Environmental Factors—Data on environmen-
tal factors were collected from 500 m sections of
46 survey sites. The number of C. crocodilus ob-
served in each 500 m section was related by
multiple regression analyses to the differences
in temperature between the water and the air,
the percentage illumination by the moon, cloud
cover, water depth, water level of the Rio Negro,
velocity of the current, frequency of occurrence
of grass, and food availability.

Water depth was measured 5 m from the
bank, at the beginning, middle, and end of each
500 m section. The majority of caimans occur
between 1 and 2 m from the bank and obstacles
and shallow water make it difficult to travel
closer to the bank than 5 m in the Anavilhanas
Archipelago. The average of the three depth
measurements at each site was used in analyses.
The percentage illumination by the moon was
estimated using the program “Almanac,” de-
veloped by R. Alford (pers. comm.). The occur-
rence of cloud cover was registered as present
or absent. The presence or absence of grass was
registered at intervals of 10 m along the section.
Thus, the index of frequency of occurrence of
grass varied from 0 to 50 for each section.

The availability of fish, shrimps, insects, and
spiders was estimated along each 500 m section
on the same nights as surveys. Fish were sam-
pled with three gill nets at the beginning, mid-
dle, and end of each section. Gill nets were set
between 1800 and 1830 h and fish removed at
2100 and at 0000 h. Fish were weighed the fol-
lowing morning. The 10 m nets were of 3 mm
nylon, with a 20 mm stretch mesh, at 2.0 m
deep, 30 mm stretch mesh, at 3.0 m deep, and
30 mm stretch mesh, at 1.5 m deep. The nets
captured fish with standard length > 9 cm and
< 80 cm, and these were weighed to the nearest
1 g the following morning.

Shrimp, small fish (standard length <8 cm),
_sl%iders and insects were sampled with a dipnet.

e dipnet (45 X 45 X 45 em with 2 mm di-
ameter nylon mesh) was swept 50 times in the
water, each 10 m, through the flooded vegeta-
tion and /or along the banks, between 2200 and
2300 h. Samples were separated the following
morning and preserved in 70% alcohol. Samples
were weighed to the nearest 0.01 g, after drain-
ing off excess alcohol. The index of food avail-
ability used in analyses was the total mass of
fish, shrimp, insects, and spiders captured in
each 500 m section.

Extensive Survey and Occurrence of Pods—Four
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pods of C. crocodilus and one of M. niger were
found during the spotlight surveys in February
1992. Other pods were found during an exten-
sive spotlight survey between March and April
1992. The extensive survey covered 1500 km of
the Archipelago and 22 km along three forest
stream tributaries on the north bank, and two
on the south bank of the Rio Negro. Distances
traveled during the surveys are based on mea-
surements from the RADAMBRASIL map
SA .20/ Z-B-V/MI5-6, with a 1:100000 scale.

Discriminant function analysis was used to
differentiate site characteristics of 17 pods of C.
crocodilus and eight pods of M. niger that
hatched in 1992. The type of water body was
categorized as lake or canal. Zero depth was at-
tributed to pods that were on dry land. A depth
of 0.1 m was recorded for pods in water, but
adjacent to the bank. Conductivity was mea-
sured to the nearest pScm' and temperature of
the water was measured to the nearest of 0.1 C
with a Yokogawa model SC82 conductivity me-
ter. Bank was recorded as absent (0), if more
than 1 km from the site, or present (1). The sub-
strate was recorded as grass (1) or non-grass (0).

All statistical analyses were done with the
program SYSTAT (Wilkinson, 1990).

REesuLTS

We counted 478 caimans in the 81 survey sites
along 82 km of bank. Of these total, 88 were
hatchling Caiman crocodilus and four were hatch-
ling Melanosuchus niger from the 1991 nesting
season. Of the remainder, 221 were C. crocodilus,
eight were M. niger, and 157 were unidentified.
Caimans that could not be identified to species
during the surveys were assumed to be C. croc-
odilus due to the low density of M. niger in the
Archipelago. Estimates of observed densities
did not include hatchlings (SVL < 20 cm).

Caiman crocodilus densities within survey sec-
tions in lakes (N = 54) varied from 0 to 58 per
km of shoreline (Fig. 1A), and from 0 to 7 per
km of shoreline in canals (N = 27) (Fig. 1B).
Densities higher than 15 per km were observed
only in October-November 1991. Zero counts of
C. crocodilus occurred in 10 of the 81 survey sec-
tions (Fig. 1A, B). However, the species .was
present around the survey sections in all 81
sites. Melanosuchus niger was present in 12 of the
81 sites, but only occurred in five of the survey
sections. Its density varied from 0.5 to eight per
km of shoreline in the five sections.

Excluding hatchlings (SVL < 20 cm), 67% of
C. crocodilus were subadults (SVL <70 cm) and
5% were probably adult males (SVL > 90 cm).
(Fig. 2A). The majority of M. niger observed
during these surveys were subadults (SVL <
120 em), and only two M. niger larger than 150
cm SVL were observed (Fig. 2B).
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Fic. 1. Number of Caiman crocodilus per km of

shoreline seen during spotlight surveys between June
1991 and March 1992 in (A) lakes and (B) canals. Each
point represent a different survey site.

The multiple regression analysis was used
only to investigate the density of C. crocodilus,
because the density of M. niger in the area was
too low for analysis. The multiple regression,
using all variables except food availability, ex-
plained only 40% of the variance in observed
numbers of C. crocodilus during spotlight sur-
veys (R* = 040, F,, = 4292, P = 0.002). The
temperature difference between the water and
the air (P = 0.002), and water depth (P = 0.029),
were the only factors that had partial regres-
sions that contributed significantly (Fig. 3A and
B, respectively). The relationship between ob-
served numbers of C. crocodilus and water depth
was nonlinear, and was modeled as a quadratic
function (Fig. 3B). The water level of the Rio Ne-
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FiG. 2. Frequency of occurrence of Caiman croco-
dilus (A) and Melanosuchus niger (B) in 10 cm snout—
vent length size classes estimated. Data include 8 M.
niger found outside the survey sections.

gro and current velocity were excluded from the
multiple regression, because they were correlat-
ed with the frequency of occurrence of grass (r
= 0.56) and water depth (r = 0.52). It was not
feasible to test all possible combinations of fac-
tors, but the majority of combinations produced
qualitatively similar results, so the model does
not appear to be sensitive to the inclusion or
exclusion of variables.

Inclusion of the indices of food availability in
the regression in addition to habitat character-
istics did not significantly increase the capacity
of the regression to estimate the number of C.
crocodilus observed in the surveys (R* = 0.44,
F... = 5177, P = 0.001). Successive permuta-
tions of these factors produced qualitative re-
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FIG. 3. Partial regressions between the number of
Caiman crocodilus counted in 500 m sections of shore-
line and (A) the temperature difference between water
and air in °C, (B) water depth in meters. Some num-
bers of axes are negative because the partial regres-
sions represent deviations from the expected result if
all others variables were held constant at their ob-
served means.

sults similar indicating that the model is robust
to the inclusion or exclusion of variables.

We grouped the indices of availability of
shrimp and small fish in the same category be-
cause, when considered separately, their contri-
butions to the regression model were qualita-
tively similar. Insect and spider availability were
grouped for the same reason.

Extensive Survey and Occurrence of Pods.—Be-
tween March and April 1992 we traveled 1500
km through the Archipelago and in five forest
streams searching for caimans. Excluding hatch-
lings, 1180 caimans were counted. Of these, 313
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were C. crocodilus, 51 M. niger, one Paleosuchus
palpebrosus, and 815 were not identified to spe-
cies. Caiman crocodilus occurred in all water bod-
ies visited during the surveys. Melanosuchus ni-
ger was not found in all water bodies, but this
species occurred throughout most of the Archi-
pelago. Caiman crocodilus was found in all of the
water bodies in which M. niger was found.

We found 178 hatchling C. crocodilus in 20
pods and 77 hatchling M. niger in nine pods.
One C. crocodilus hatchling was dead and was
being eaten by a fish (probably Hoplias sp.). Two
pods of C. crocodilus and three pods of M. niger
contained only one or two hatchlings, but these
were counted as distinct because of their great
distances from other pods. The nine pods of M.
niger were found in islands near the north bank
of the Rio Negro, and 15 of the 20 pods of C.
crocodilus were closer to the south bank. Al-
though we encountered one C. crocodilus, one
Paleosuchus palpebrosus and one P. frigonatus in
forest streams, no hatchlings were found.

We used discriminant function to try to dif-
ferentiate the sites with C. crocodilus hatchlings
from sites with M. niger hatchlings. Only water
depth had a high loading on the discriminant
function (0.94). Grass (0.48) and type of bank
(—0.36) were intermediate, and the other vari-
ables contributed negligibly to discrimination
(conductivity 0.17, type of water body 0.06 and
water temperature, —0.08). The analysis erred
only in the prediction of one C. crocodilus and
one M. niger pod. This occurred because that C.
crocodilus pod was found in water 4.6 m deep,
whilst all other pods of this species were found
in water less than of 2.5 m deep. Only one M.
niger pod was found in water less than 3 m deep
and away from grass.

DiscussION

Caiman crocodilus and Melanosuchus niger oc-
cur throughout the Anavilhanas Archipelago
but we found only one Paleosuchus palpebrosus in
the Archipelago. Caiman crocodilus, P. palpebro-
sus, and P. trigonatus occur in forest streams that
flank the Archipelago. Further studies should be
extented to forest streams to evaluate the status
of these species in the Reserve. The size distri-
butions indicate that the Anavilhanas Archipel-
ago contains suitable habitat for all size classes
of C. crocodilus and M. niger. It has been postu-
lated that the occurrence of M. niger may affect
the abundance of C. crocodilus (Magnusson,
1982b; Magnusson and Rebelo, 1983). However,
the low density of M. niger apparently does not
appear to have a large effect on the distribution
of C. crocodilus in the Anavilhanas Archipelago.

Variations in numbers counted in response to
environmental temperature has direct implica-
tions for monitoring and hence management of
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crocodilians (Lang, 1987). In the Anavilhanas,
the difference between water and air tempera-
tures was the factor that had the largest corre-
lation with the number of C. crocodilus seen.
These results are in agreement with those of
Murphy and Brisbin (1974) and Woodward and
Marion (1978), who also found positive corre-
lations between water temperature and the ob-
served numbers of Alligator mississippiensis. Dur-
ing this study, observed numbers of C. crocodilus
were generally negatively correlated to water
depth and/or current velocity, factors that were
positively correlated. The greater water depth
and current velocity in the canals may account
for the lower density of C. crocodilus found there
relative to lakes.

Caiman crocodilus is generally more common
in grassy areas (Magnusson, 1985; Quboter and
Nanhoe, 1988). However, the frequency of oc-
currence of grass was not related to the ob-
served number of C. crocodilus in the Anavilhan-
as. Possibly, an increase in real density that oc-
curred with increase in grass cover was offset
by decreases in the visibiliz of caimans, or the
behavior of C. crocodilus in the Anavilhanas may
be different from that in others areas.

Woodward and Marion (1978) found a posi-
tive correlation between moon phase and ob-
served density of Alligator mississippiensis. How-
ever, no relationship was found between the
percentage illumination by the moon and ob-
served densities of C. crocodilus in this study.

Many authors have suggested that the abun-
dance of crocodilians is related to food avail-
ability (e.g., Webb et al., 1982; Ouboter and Nan-
hoe, 1988). However, we found no relationship
between food availability and the abundance of
C. crocodilus. It may be that caimans do not re-
spond to the absolute density of prey, but seek
conditions where prey are more easily captured,
or it may be that other factors are more impor-
tant.

Pods of M. niger, indicating successful nest-
ing, occurred only on islands next to the north
bank of the Rio Negro. This bank suffers greater
influence from the Rio Branco, which enriches
the water with nutrients (S. Filoso, pers. comm.).
The possible effect of the Rio Branco on the oc-
currence of nesting areas, and on the distribu-
tion and abundance of both species, should be
evaluated in future studies. Overall, M. niger
pods occurred in sites with deeper water, indi-
cating that the species nests on the more low
lying islands or parts of islands in the Archi-
pelago. The occurrence of eight of the nine pods
of M. niger on grass reinforces this notion. Be-
ginning in March, the islands are gradually in-
undated by the Rio Negro and grass is the only
substrate on which the hatchlings can rest.

Further surveys of the distributions of pods
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need to be undertaken in consecutive years to
see if the separation of caiman species is main-
tained. Searches for caiman nests by land or by
aerial survey (McNease and Joanen 1978), are
generally not efficient in the Archipelago be-
cause nests occur in low densities in the dense
“igap6” forest. However, searches for nests by
land could be concentrated in areas where pods
are known to occur.

Estimates of the distribution and abundance
of crocodilians are generally based on surveys
of subadults and adults. However, these surveys
are usually based on indices of relative density
that cannot currently be corrected for visibility
biases (Magnusson, 1982a, 1984; Gorzula, 1984,
1987; Bayliss, 1987). Moreover, subadults and
adults may occur at relatively high densities in
areas that are inadequate for nesting, and hence
the overall maintenance of the population (Van
Horne, 1983). The results of this study demon-
strate the need to identify actual nesting areas,
since this is important information for the de-
sign of reserves. With degradation of surround-
ing areas, maintenance of the population by im-
migration may no longer be viable.

Areas with highest densities of nests also had
high densities of adults and subadults caimans.
This indicates that annual searches for hatchling
pods, in the period March to April, would be
the most efficient method for monitoring cai-
man tions in the Anavilhanas Archipel-
ago. Although river levels are high, surveys of
subadults and adults at this time of the year are
probably just as useful for long term monitoring
of population trends as surveys at low water
(September to November) when a larger, but
unknown, proportion is seen and hatchlings
groups are dis . If the bias is consistent,

the resulting index of relative density
would be stable and just as useful for monitor-
ing changes in adult and subadult densities as
surveys at low water when more individuals are
seen.
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