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Movement patterns of caimans were studied over a 16-year period in two areas of the Brazilian
Pantanal, one dominated by intermittent rivers and another, adjacent region of many isolated
lakes. We marked caimans in 100 lakes (1986-2001) and two rivers (1987-1999). We recaptured
163 adult males, 132 adult females and 237 juveniles. In a two-year interval, hatchlings moved
only within the lake area or within the river area and the maximum distance moved was 6.0 km
(mean=0.5 km, SD=1.0) in the lake area, and 1.25 km (mean=0.6 km, SD=0.3) in the river area.
In a period of one year, females and males larger than 40 cm snout-vent length moved similar
distances in both areas (max.=9.8 km). We monitored 47 adult caimans by radio-telemetry in the
river area for about a year. The size of the area used by telemetered individuals over periods of
30 to 436 days varied from two to 1649 ha. The areas used by five males in sites subjected to
experimental hunting were similar to those used by five other males in areas not subjected to
hunting. In periods of 1-5 years, females and males larger than 40 cm SVL moved maximum
distances of 16 and 18 km, respectively. Five individuals marked as hatchlings in the lake area
were recaptured as adults after intervals of 5-15 years. The extensive long-term and short-term
movements by caimans mean that individual ranches should not be considered independent
management units for sustained use of caimans in the Pantanal.
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INTRODUCTION

Crocodilians can move large distances in the short
(Bustard & Singh, 1983; Cooper-Preston, 1992) and
long term (Webb & Messel, 1978; Bustard &
Choudhury, 1979). Movements may be related to repro-
duction (Tucker et al., 1997; Coutinho et al., 2000),
food (Pooley & Gans, 1970; Campos, 2003), seasonal
changes in water level (Schaller & Crawshaw, 1982;
Ouboter & Nanhoe, 1988), or to avoid predators or
pathogens (Lang, 1987). Movement patterns presum-
ably evolved to maximize fitness of individuals under
natural circumstances, but where populations are com-
mercially exploited, movement patterns may increase
the vulnerability of some segments of the population,
and result in mortality patterns very different from those
in populations not subject to exploitation by humans.
Disturbance due to hunting may influence behaviour
and movement patterns (Montague, 1983; Hutton,
1989), and hunting disturbance could lead to individuals
migrating from heavily hunted areas (Campos et al.,
2003).

When movement patterns among and within habitats
vary among demographic segments of the population,
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hunting strategies can be adopted that concentrate mor-
tality on particular size or sex classes (e.g. Caughley,
1977; Joanen & Mc’Nease, 1987; Tucker et al., 1997).
In general, hunted populations of South American verte-
brates operate as source-sink systems, with immigration
from lightly hunted areas maintaining stocks in more
heavily hunted regions (Bodmer, 1999).

Although short-term studies of movement are useful
to determine habitat use by individuals, long-term stud-
ies are necessary to determine whether juveniles
hatching in lightly hunted areas can be recruited to the
size classes subject to hunting in other areas. The moni-
toring strategy for Caiman crocodilus crocodilus in
Venezuela recognizes the potential for long-distance
movement and quotas are based on regional estimates
(Velasco et al., 2003). However, in the Pantanal, moni-
toring of C. c. yacare is based on ranches as
management units (Coutinho et al., 1998). If adult
caimans regularly move between ranches, or juveniles
hatching on one ranch are regularly recruited to adult
populations on neighboring ranches, ranches may be too
small to function as independent management units.

Populations of C. c. yacare were heavily hunted in
the Nhecoléndia region of the Brazilian Pantanal
(Mourédo et al., 1996), but hunting pressure was not geo-
graphically uniform. Most hunting was concentrated
around intermittent rivers because these are easy to ac-
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cess, and the pools formed in the dry season have little
vegetation in which caimans can hide (Coutinho &
Campos, 1996). It is more difficult to access isolated
lakes, and caimans in lakes are harder to locate because
of emergent vegetation (Mourdo et al., 2000). There has
been little or no hunting in our study area since 1991.
Areas dominated by isolated lakes may contain
populations of caimans with dynamics different from
those in intermittent-river habitat. Females and clutch
sizes tend to be smaller in lake areas (Campos &
Magnusson, 1995), and it is generally easier to locate
small caimans in lake areas (Campos et al., 1995).

In this study, we investigate the movement patterns of
hatchling, juvenile and adult caimans on two adjacent
ranches. Campo Dora Ranch (40 000 ha) is in a region of
intermittent rivers and, until the 1990s, was heavily
hunted (Mourdo et al., 1996). Nhumirim Ranch (4300
ha) is in a region of isolated lakes, and was less inten-
sively hunted. Both areas have been intensively studied
over the last 20 years (Campos et al., 1995; Coutinho &
Campos, 1996; Campos, 2003). We used intensive
mark-recapture and radiotelemetry studies to document
movements of individuals in the short, medium and long
term. Parts of Campo Dora Ranch were subject to ex-
perimental hunting in 1995 (Coutinho, 2000), and we
used radio-telemetry data to determine whether the ex-
perimental hunting influenced the movement of adults
that survived the hunt.

MATERIALS AND METHODS
STUDY AREA

The study was conducted on two cattle ranches in the
Nhecolandia region of the Brazilian Pantanal.
Nhumirim Ranch (18°59°S and 56°39°W) is in an area
characterized by isolated lakes surrounded by forest,
and Campo Dora Ranch (18°55°S and 56°40°W) is char-
acterized by flooded fields and pools associated with
two intermittent rivers. The ranches are contiguous and
caimans can move between the lake and river areas.

The climate in the Pantanal is classified as AW (Sa-
vanna climate) in the Képpen system. Floods are caused
by local rain and/or rain in the headwaters of the rivers.
The seasonal changes in the study area are related to two
distinct, but related events: seasonal rains and flooding.
Most rain falls between December and April (rainy sea-
son), with little or no rain between May and November,
when the pools dry quickly (dry season). In the study
period between 1986 and 2001, rainfall and air tempera-
ture were registered at the Nhumirim Ranch
Meteorological Station (Soriano, 1997). Between Janu-
ary 1986 and December 1999, monthly rainfall varied
from 0to 123 mm in the dry season and 8.5 to 346.5 mm
in the rainy season. Mean air temperature was 22.4°C
(SD=1.8) in the cool season (May-Sept.), and 27.1°C
(SD=0.8) in the warm season (Oct.-April).

CAPTURE-RECAPTURE STUDY

The capture-recapture study was conducted in the
lake area between 1986 and 2001, and in the river area

between 1987 and 1999. Caimans were captured at
night, measured and individually marked. Numbered
plastic tags were fixed to raised tail scutes, and alu-
minium tags (National Band & Tag™ 1005-1 for
hatchlings, and 1005-3 for adults) inserted in the inter-
digital membrane of the hind feet. Also, we cut the
double and single tail scutes of each caiman in unique
combinations. Recapture sessions in the lake area were
undertaken monthly between 1986 and 1988, bimonthly
in 1989 and once per year in 1990, 1992, 1994, 1997,
1998, 1999, and 2001. In the river area, captures of the
caimans were done twice yearly from 1987 to 1994, and
monthly from 1995 to 1999. Hatchlings were captured
near nests from 1987 to 1999 in both areas. Adult
caimans were captured with nooses at night, or seine
nets during the day, and females were captured while
guarding nests. All caimans were weighed (£10 g for
hatchlings and £0.5 kg for larger animals) and snout-
vent length (SVL +0.1 cm) to the posterior edge of the
cloaca, was measured at each capture. We could not
confidently determine the sex of caimans with SVL<40
cm. For this reason, caimans with SVL<40 cm were re-
corded as juveniles of undetermined sex. All caimans
captured were used to estimate the size structure and sex
ratio of populations in each area.

MOVEMENT OF HATCHLING GROUPS IN THE LAKE
AREA

In 1996, eight clutches of hatchlings were monitored
for periods of up to 11 months. In 1997, six clutches
were monitored for periods up to 72 days. In 1999, five
clutches were monitored for 120 days. The clutches
were located and counted at night on the banks of the
lakes, and the presence or absence of an adult (presumed
to be the mother) was registered, but, on most occasions,
hatchlings were not captured and identified individu-
ally.

RADIO-TRACKING STUDY

In the radio-telemetry study, we used two models of
radio-transmitter (33 made by Telonics™ and 14 made
by Sirtrack™). The Telonics radio-transmitters meas-
ured 9.0 cm by 2.3 cm, weighed 80 g and had internal
antennas. The Sirtrack transmitters measured 2.0 cm by
2.5 cm, weighed 50 g, and had external 47 cm antennas.
All radio-transmitters were encapsulated in resin at the
factory.

Most radios were placed between the last double tail
crests and sewn to the scutes with nylon monofilament
fishing line (Mufioz & Thorbjarnarson, 2000). How-
ever, 18 radios (4 Telonics, 14 Sirtrack) were implanted
in the peritoneal cavity of caimans. Surgery to implant
radios was done in the laboratory, under sterile condi-
tions. The caimans were kept for one hour in a freezer to
decrease their body temperature to around 19°C, which
immobilized them, and a local anaesthetic (Xylocaine)
was used in the region of the implant. All surgical proce-
dures were done respecting ethical procedures for
practices with animals recommended by Empresa
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Brasileira de Pesquisa Agropeclaria (EMBRAPA)
veterinarians.

Most caimans with radio-transmitters were not recap-
tured during the study to avoid disturbance. Caimans
were recaptured at the end of the predicted battery life to
retrieve the radio transmitters. Tracking was done with
Telonics TR2 and TR4 receivers from an ultra-light air-
craft, boat, car or on foot. Individuals were monitored
weekly. The frequency range of the radio transmitters
was 164-166 MHz. The maximum distance of signal re-
ception at ground level was about 800 m.

Radio-tracking of caimans for more than seven
months was undertaken only in the river area. Radios
were fixed to the tails of 29 caimans and radios were im-
planted in 18 caimans. In November 1989,
radio-transmitters were implanted in one male and three
females. In January 1992, radios were fixed to the tails
of five males and three females. In August 1993, radio-
transmitters were fixed to the tails of three females and
eight males. In May 1996, radios were fixed to the tails
of 10 males and implanted in peritoneal cavities of seven
females. In May 1999, radios were implanted in the peri-
toneal cavities of five males and two females.

The locations of caimans with radio-transmitters
were plotted on a map of the study area. The area used
by each caiman was described by a minimum convex
polygon (Hayne, 1949), in the Systat 8.0 program. The
area covered by the polygon was estimated by the
number of pixels covering each area in Adobe
Photoshop 4.0 images. The size of the pixels was deter-
mined from known areas of 25 km? and 100 km2, Only
caimans that were tracked for 30 days or more were used
in the analyses.

CAIMANS RADIO-TRACKED IN AREAS WITH AND
WITHOUT HUNTING

In August 1995, four blocks of 24 km?were delimited
in the river area. The distances between blocks were
around 4 km. Two blocks were not hunted (controls) and
controlled harvesting was undertaken in the other
blocks. In the hunted blocks, 648 adult caimans
(SVL>80 cm) were killed (Coutinho, 2000). Between
May 1996 and May 1997, 10 adult males (SVL>90 cm)
were radio-tracked. Two or three caimans were tracked
in each block, for a total of five caimans in control
blocks and five caimans in hunted blocks.

INDEX OF DISTANCE MOVED

The maximum distance moved by caimans monitored
by radio-telemetry was calculated as the maximum
straight-line distance between positions that the caiman
was recorded. To maintain independence of the capture-
recapture data, only the first and last captures of each
individual were used. The distances moved between
captures were measured on a LANDSAT satellite image
of the study area, at a scale of 1:100,000.

CONDITION INDEX

The individual condition of the caimans with radio-
transmitters was estimated as the residual of the linear

regression between log body mass (logM - kg) and log
snout-vent length (logM=10.25+2.906 x logSVL; r?
=0.95; n=47; P<0.001).

RESULTS
CAPTURE-RECAPTURE

We marked 2576 caimans in the lake area and 3042
caimans in the river area between 1986 and 2001. In the
16 years of the study, 532 caimans (9.5%) were recap-
tured (237 hatchlings, 163 males and 132 females) over
varying time intervals. The size structure of the
populations varied between the lake and river areas (Fig.
1). The proportion of caimans with SVL<40 cm was
72% in the lake area and 13% in the river area.

Of the 237 hatchlings, 67% remained in the lake in
which they were captured for up to two years, and 33%
moved to other lakes. In six reproductive seasons, 197
hatchlings less than one year old were recaptured. Of
these, 186 moved distances up to 6.0 km (mean=0.5 km,
SD=1.0) between lakes in the lake area. Eleven
hatchlings in the river area moved <1.2 km (mean=0.6
km, SD=0.3) and remained in the river area. No indi-
viduals were recorded moving from the lake to the river
area, or vice versa, during the first two years of life (Fig.
2). Although 197 hatchlings were recaptured within the
first year of life, most did not move independently. Fig.
2 shows only the 34 independent movements. Animals
that moved to and from the same places were not consid-
ered to have moved independently, and group
movements are represented by single arrows.

In the reproductive seasons of 1996, 1997 and 1999,
we monitored the movement of eight, six and five
hatchling groups, respectively, that remained together
with females in the lake area. These hatchlings were not
captured at each survey, so we can only assume that
most individuals remained in their original groups.
However, it is extremely unlikely that a hatchling group
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FIG 1. Sizes of caimans captured in the river area (A) and the
lake area (B).
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FIG 2. Movements of hatchlings (SVL<40 cm) during
intervals of up to two years, between lakes (arrows) and
recaptured in the same lake (asterisks). If all hatchlings in a
groups were captured and recaptured at the same places, they
are represented only as a single arrow. The straight broken
lines indicate the boundary between the two ranches, which
corresponds to the boundary between the lake area (south of
the southern limit) and the river area (north of the southern
limit).

moved and was replaced by another hatchling group of
similar size in the same place. In 1996, hatchling groups
remained together in the same lake for 74-330 days. In
1997, hatchling groups could be encountered for 72
days. Individuals in one of the clutches moved to an-
other lake 500 m from where they hatched in an interval
of 30 days, and the other clutches remained in the lakes
were they were first recorded. In 1999, we were able to
follow hatchlings for 120 days. One of the clutches
moved from one lake to another 500 m away, and the
others remained in the original lakes.

The maximum distances between captures recorded
for males and females with SVL>40 cm during periods
up to 364 days were similar (males: max.=9.5 km,
mean=1.33, SD=1.97, females: max.=9.8 km,
mean=1.6 km, SD=2.05). About 30% of the variance in
distance moved, D (m), by caimans could be accounted
for by a multiple regression including interval between
captures (1, in days), snout-vent length (SVL, incm) and
water level (L, in cm) (D = -4868 + 1.27 x | + 49.82 x
SVL +2258 x L; R?=0.32, F, .= 7.23, P<0.001). SVL
(P<0.001) and mean water level in the period between
captures (P=0.002) contributed significantly to the
model, but interval between captures did not (P=0.487).

The majority of caimans were recaptured at intervals
of 1-5 years. In these periods, some animals were recap-
tured within the same ranch, but many moved between
the river and lake areas (Fig. 3). Individuals recaptured
in the same place may have undertaken more extensive
movements, but this cannot be determined from capture-
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FIG 3. Movement of caimans recaptured after intervals of 1-5
years in lake and river areas. Seven caimans found dead at
hunting sites are indicated with crosses. Asterisks indicate
locations of hunting sites. The straight broken line indicates
the boundary between the two ranches, which corresponds to
the boundary between the lake area (south of the line) and the
river area (north of the line).

recapture data. Most movements were within or towards
the river area. Only four of 16 individuals marked in the
lake area were recaptured in the lake area. Only one of
19 individuals marked in the river area that were recap-
tured moved to the lake area. Most individuals that were
recaptured moved to the river area (n=12) or remained
there (n =18). The maximum distance between captures
in <5 years was 18 km (mean=5.0 km, SD=4.3).

The mean distances moved during 1-5 years by
males and females were similar and not significantly dif-
ferent (t,,=0.318, P=0.751); males moved an average
distance of 2.3 km (SD=3.2) and females moved a mean
of 2.1 km (SD=3.4). About 30% of the variance in dis-
tances (D, m) moved by caimans in 1-5 years could be
predicted by a multiple regression including interval be-
tween captures, | (days), SVL (cm) and water level (L,
cm): D = -6756 -2 .92 x | + 55.3 x SVL - 73.6 x L
(R*=0.29, F, ,,=5.19, P=0.004). SVL (P=0.038) and in-
terval between captures (P=0.004) contributed
significantly to the model, but the evidence for an effect
of water level was equivocal (P=0.079).

Twenty-one caimans were recaptured after periods
>5 years. The maximum interval between recaptures
was 14 years. The relationships between distance moved
(D, in km) and log SVL (cm) at first capture for the 21
caimans were described by the following equation: D =
25.9 - 5.4 x log SVL (R?=0.61, F,,,=29.5, P=0.001).
Although the log-linear equation described most of the
data well, the area predicted to be used by large indi-
viduals (0 ha) was unrealistic (Fig. 4). Radio-telemetry



MOVEMENT PATTERNS OF CAIMAN CROCODILUS YACARE 127

N
o
|

[EEY
(¢,
|

DISTANCES MOVED (km)
=
(&) o
| |

0 40 80 120
SNOUT VENT LENGTH (cm)

FIG. 4. Relationship between distances moved and snout-
vent length at first capture for 21 male (circles) and female
(stars) caimans, captured over periods of 5-15 years.

data (see above) indicates that the mean linear distance
covered by large individuals over periods in excess of
one year is about 4.6 km. Based on Fig. 4, the area used
by individuals approaches this value at a snout-vent
length of about 52 cm, suggesting that juveniles estab-
lish fixed home ranges at about this size.

As in the medium-term movements, most of the
long-term movements were from the lake area to the
river area (Fig. 5). Four of the five males that were
marked in the first year of life in the lake area were re-
captured as adults in the river area 6-9 years later, 8-18

FIG. 5. Movements of 21 caimans recaptured after periods of
5-15 years. Asterisks indicate caimans that were recaptured
at the site at which they were first captured. The broken line
indicates the boundary between the two ranches which
corresponds to the boundary between the lake area (south of
the line) and the river area (north of the line).

km from where they were marked (Table 1). One indi-
vidual was recaptured in the lake area at 10 years of age,
7.5 km from where it was marked as a hatchling.

TABLE 1. Sizes of the caimans recaptured over intervals of 5 and 15 years and maximum distances between capture points in the
river (R) and in lake areas (L).

Sex Dateof Capture SVL Mass Date of Recapture SVL Mass Interval Distance
capture habitat (cm) (kg) recapture habitat  (cm) (kg) (days) (km)
M 15/04/89 L 125 0.046 17/03/97 R 80.0 11.0 2892 10.0
M  28/07/88 L 13.1 0.044 26/08/96 R 83.0 7.0 2948 18.0
M 22/11/87 L 17.2 0.087 02/09/96 R 90.5 17.0 2835 15.0
M 17/04/92 L 13.9 0.054 14/07/97 R 71.5 7.7 1915 8.5
M 06/12/89 L 36.1 1.10 19/11/99 L 80.0 12.0 3633 35
M 04/12/87 L 52.5 3.5 13/02/98 R 105.0 26.0 3719 5.0
M 03/12/87 L 61.9 5.0 02/11/97 R 104.0 32.0 3620 9.25
M 27/09/89 L 69.0 7.5 19/11/99 L 82.5 12.0 3701 0.0
M 20/10/94 R 81.0 115 29/09/99 R 107.0 38.0 1805 0.0
M 08/11/94 R 84.0 15.0 29/09/99 R 106.0 31.0 1825 1.3
M 08/11/94 R 98.5 25.0 07/10/99 R 101.0 22.0 1795 15
M 20/10/94 R 85.5 14.0 26/09/99 R 108.0 - 1801 0.0
M 05/10/89 L 104.1 27.0 10/09/99 R 110.0 28.5 3625 5.0
M  06/01/88 L 113.5 31.0 06/08/93 L 114.0 - 2005 15
F 10/12/89 L 194 0.114 19/11/99 L 72.0 9.0 3628 7.5
F  20/10/94 R 60.8 6.0 30/09/99 R 79.0 11.0 1805 0.0
F 02/12/87 L 66.9 6.0 05/08/93 L 79.0 9.0 2068 1.5
F  21/02/87 L 66.9 6.0 07/08/93 L 79.0 9.0 2356 2.15
F 21/11/87 L 40.2 14 27/01/01 L 85.0 - 5136 4.0
F  05/10/89 L 79.2 14.0 29/01/01 L 84.0 - 4129 0.0
F  19/09/89 L 78.7 11.0 07/11/94 R 79.0 13.0 1873 7.1
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EFFECT OF MOVEMENT ON VULNERABILITY TO
HUNTING

Local hunters informed us that carcasses were gener-
ally left near the site of capture, and hunting sites were
identified from carcasses and skeletons left on the banks
of rivers and lakes. Four hunting sites were in the lake
area and 18 in the river area. Between 1989 and 1990,
we found plastic numbered tags that we used to mark
caimans at the hunting sites. The caimans had been
marked in the lake area 515-1065 days (mean=794
days, SD=229) before being found at river hunting sites.
All caimans killed were males and their sizes at original
capture were greater than 60 cm SVL (Table 2). The dis-
tances moved by the caimans from their initial capture
sites to where they were killed by hunters varied from
five to 11 km (mean=8.0 km, SD=2.4).

RADIO-TELEMETRY

The pattern of water level fluctuations in the river
channel was generally similar in 1992-2001, with low
levels between August and December. The months be-
tween August and December were dry in all years, but in
other months, water level varied between years. The
monthly movement rate (MR) of the caimans with radio-
transmitters was not related to water level (L)
(MR=74.267-0.566xL, R?=0.107, n=26, P=0.103). The
mean movement rate of the caimans was only 46.7+66.9
m/day. There was no significant difference between
movement rates of males and females (Kruskal Wallis
test; KS=7.8, P=0.253, SD=6). The body condition of
the caimans with radios was not related to monthly
movement rate (r2=0.008, P=0.686, n=22).

The area used by 47 caimans (Table 3) tracked for up
to 436 days in the river area varied from 2 to 1650 ha
(mean=153, SD=299). About 25% of the variance in the
size of the area used (A — ha) was accounted for by the
multiple regression, which included snout-vent length of
the caiman (SVL — cm), log interval (logl — days), and
sex of the caiman (S, dummy variable coded 0,1) (A=-
582-2.299xSVL+198.6xlogl+4.774xS,R?=0.254;F
24,=4.89, P=0.005). However, only time of tracking
(P<0.001) contributed significantly to the model. There
was little evidence of an effect of SVL (P=0.549) or sex
(P=0.965).

Although there is a large scatter of points, both
LOWESS regression (Fig. 6 — broken line) and log-lin-
ear regression (Fig. 6 — solid line) indicate that estimates
of area used increased slowly after about 225 days. One
individual covered a large area (1649 ha) in 246 days,
and was an outlier in the analyses. However, removal of
this individual had little effect on the position of the
lines, and did not affect the statistical conclusions. The
mean of the maximum distances between records for
caimans tracked for more than 225 days was 4.6 km
(min.=1.0, max.=9.8).

During the period of experimental hunting, 10 males
were monitored in the experimental blocks in the river
area over periods of 249-436 days (Table 4). The area

used by the 10 caimans varied from 50 to 777 ha
(mean=348, SD=255). However, the mean area used by
the five caimans in the hunted blocks not was signifi-
cantly different from the mean area used by five caimans
in the control blocks (ANOVA, F,.=2.32, P=0.171).

DISCUSSION

Little is known about dispersal in wild populations of
vertebrates (Horn, 1984), and one reason is the diffi-
culty of marking young individuals and recapturing
them as adults. This difficulty is especially great for
crocodilians, which have long life spans and can move
great distances. The individual Caiman crocodilus
yacare in this study moved not only inside the lake and
river areas, but also between them. We were able to
record movements of some individuals from soon after
hatching to adulthood, but only by marking more than
5000 animals and maintaining capture effort over 15
years.

The distances moved by hatchling C. c. yacare varied
little between the first and second years of life, when
they tended to remain near nests. In the first year of life,
some individuals moved distances of up to 6 km in the
lake area and up to 1 km in the river area. However, we
have no evidence of hatchlings moving from the lake to
the river area, or vice versa, during the first two years of
life.

Hatchlings in the lake area remained together with an
adult for up to 11 months. In the northern Pantanal, the
majority of hatchling C. c. yacare remained within 200
m of their nests over a period of six months, and were
attended by females (Cintra, 1989). Da Silveira et al.
(1997) reported that clutches of C. c. crocodilus are also
relatively sedentary in the first months of life.

In this study, individual C. c. yacare moved exten-
sively throughout the year. Although there was a
significant relationship between water level and dis-
tance moved by animals recaptured over periods of up to
one year, the effect of water level was not apparent in the
data for animals monitored by radio-telemetry. In the
dry period, caimans remained concentrated in the re-
maining pools. However, they regularly moved between
pools (Campos et al., 2003). Why caimans move be-
tween pools in groups is unknown, but may be related to

TABLE 2. Sizes of caimans marked in the lake area and found
dead at hunting sites in the river area, and distance from
where they were marked.

Date of SVL Mass Dateof Interval Distances
capture (cm)  (kg) death  (days) (km)

24/03/87 60.0 - 24/02/90 1065 11.0
13/03/87 92.4 13.0 13/01/90 1035 6.1
24/04/87 80.0 - 23/12/89 970 9.5
05/12/87 101.0 27.0 08/12/89 733 9.25
31/07/87 104.3 24.0 31/01/89 545 5.5
20/08/87 59.0 5.0 20/01/89 515 5.0
02/01/88 64.2 5.4 08/12/89 700 9.5
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TABLE 3. Sizes and distances moved by caimans tracked by radio-telemetry.

SVL Mass Body Sex Interval Area Maximum
(cm) (kg) condition (days) used (ha) distance
moved (km)
95.2 27.0 0303 M 114 42.0 1.75
82.4 16.0 0.202 F 123 22.3 1.35
71.1 10.0 0.163 F 246 1649 9.80
83.4 16.0 0.167 F 239 32.2 1.00
80.0 12.5 0.042 F 144 7.0 0.30
96.0 20.0 -0.021 ™M 144 19.0 1.00
103.0 22.0 -0.132 M 216 728.2 7.50
99.0 22.0 -0.016 M 140 63.0 2.75
71.0 9.0 0.062 F 126 42.3 0.50
74.0 10.0 0.046 F 125 6.0 0.00
115.0 375 0079 M 159 50.0 1.50
85.0 16.0 0111 ™ 116 96.2 1.90
102.0 24.0 -0.016 M 60 8.120 2.40
108.0 32.0 0104 M 75 48.4 1.75
76.5 10.0 -0.051 F 157 17.1 1.65
72.5 8.5 -0.056 F 47 14.0 2.25
80.5 12.0 -0.017 F 102 36.5 2.75
68.0 9.0 0.188 F 83 261.6 7.50
84.0 14.0 0.012 F 185 41.5 6.75
79.0 11.5 -0.005 F 169 168.4 5.00
87.5 18.0 0.144 F 82 172.5 2.50
74.0 9.0 -0.059 F 48 2.0 0.75
105.0 24.0 -0.101 M 96 154 6.75
99.0 21.0 -0.062 M 397 90.0 5.00
111.0 28.5 -0.091 ™ 399 86.2 3.70
99.5 25.0 0097 M 398 50.0 2.50
117.0 36.0 -0.012 M 395 417.0 3.50
108.0 26.0 -0.103 M 249 426.0 2.70
97.0 20.0 -0.052 M 335 210.6 2.50
93.5 18.5 -0.022 ™M 249 378.4 5.00
114.0 35.0 0036 M 436 727 7.50
102.0 22.5 -0.081 M 335 777 8.75
112.5 325 0001 ™ 397 313 3.75
58.0 4.0 -0.158 M 37 11.5 0.00
111.0 28.0 -0.109 M 36 11.5 0.50
99.0 22.0 -0.016 M 62 115 0.00
74.0 8.0 -0.177 F 42 115 0.00
89.0 12.0 -0311 M 39 115 0.00
60.0 5.0 -0.034 F 35 115 0.00
75.0 8.5 -0.155  F 44 3.0 0.00
87.5 14.0 -0.107 F 38 3.0 0.00
80.0 11.0 -0.086 F 38 3.0 0.00
82.5 12.0 -0.089 F 38 3.0 0.00
79.5 14.0 0173 F 38 72.2 2.50
78.5 11.0 -0.031 F 42 3.0 0.00
85.0 14.0 -0.022 F 38 3.0 0.00
63.5 6.0 -0.017 M 57 115 0.00

reproductive behaviour or feeding habits (Coutinho et
al., 2000; Campos, 2003).

There was large individual variation in movement
patterns for both sexes in C. c. yacare. Some apparently
moved short distances or returned to the same water

body after many years, and others were recorded to
move great distances in short periods. Caimans under-
took extensive movements in both the lake and river
areas. The distributions of the distances moved by
males and females were similar in the short and long
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terms. In periods of up to one year, caiman moved dis-
tances of up to 9.8 km. In the northern Pantanal, the
maximum distance moved in the dry season by C. c.
yacare in an interval of six months was 9.4 km (Schaller
& Crawshaw, 1982). However, Ouboter & Nanhoe
(1988) found that most individual C. c. crocodilus in
their study area in Suriname were sedentary and the
largest distance moved in one year was 3 km. In our
study, male caimans were recorded moving distances of
up to 18 km, and females up to 14 km, in the long term.
Movements over distances greater than these would
have taken caimans out of the study area, so our data
probably underestimate the degree of movement.

Although hatchling caimans tended to remain to-
gether close to the nesting site during the first two years
after hatching, individuals of SVL>40 cm moved exten-
sively within and between habitats. For individuals with
SVL>40 cm, smaller individuals were recorded moving
larger distances than larger individuals, and small indi-
viduals may have moved greater distances than those
recorded, as more extensive movements would have
taken them out of the study area. Distances moved in the
long term by caimans with SVL>52 cm were similar to
distances moved by larger individuals in the short term,
indicating that individuals may establish relatively fixed
home ranges at about this size.

The pattern of movement of some species of verte-
brates is related to density (Hansson, 1991), and
increase in disturbance could cause increased move-
ment. However, the reduction in population density and
the disturbance caused by hunting in the experimental
blocks did not result in differences in the area used by
the five males monitored by radio telemetry within
hunted blocks in relation to the five males monitored in
areas without hunting.

Our study area was around 50,000 ha, involved two
ranches, and apparently was too small to study dispersal
of caimans. The caimans moved from the lake area to the
river area and, within the river area, moved from one
river to another. This probably contributes to the low
recapture rate of the caimans in the study area. However,

TABLE 4. Sizes of male caimans used to investigate
movement in hunted and unhunted areas.

SVL Mass Interval Distance Areaused Hunted

(cm) (kg) (days)  (km) (ha) area
99.0 210 397 5.0 90.0 No
111.0 285 399 3.7 86.2 No
995 250 398 25 50.0 No
97.0 200 335 2.5 210.6 No
1140 350 436 7.5 727.0 No
935 185 249 5.0 3784 Yes
117.0 36.0 395 35 417.0 Yes

108.0 26.0 249 2.5 210.6 Yes
102.0 225 335 8.75 777.0 Yes
1125 325 397 3.75 313.0 Yes

movement over large distances between habitats can be
an advantage in sustained-use programmes, if
populations of caimans in areas that are not hunted can
sustain recruitment to populations in hunted areas. In the
controlled harvest programme in VVenezuela, monitoring
is done over units much larger than individual ranches
and quotas are determined on a regional basis (Velasco
etal., 2003). In contrast, individual ranches are monitor-
ing units in the egg-collection program in the Pantanal
(Coutinho et al., 1998). The results of this study indicate
that ranches are not large enough to be considered inde-
pendent management units in the Pantanal, and that
movement between ranches should be considered when
allocating quotas to individual ranches.

It has been suggested that hunted populations of
South American vertebrates operate as source—sink sys-
tems, with immigration from lightly hunted areas
maintaining stocks in more heavily hunted regions
(Bodmer, 1999). Information from hunters, and the dis-
tribution of hunting sites, indicates that hunting was
more intensive in the river area than the lake area. This
could be because the caimans tend to be larger in the
river area, because there is less available water in the dry
season and the caimans become more concentrated in
the river area, because of the difficulty of hunting in the
heavily vegetated lakes, or a combination of these fac-
tors.

Based on the size distribution of the populations, the
number of hatchlings produced is much greater in the
lake area than in the river area, despite the smaller aver-
age size of the females (Campos & Magnusson, 1995).
However, movement of caimans from the lake area to
the river area is frequent; most of the caimans marked in
the lake area that were recaptured over periods of >5 yrs
moved to the river area. Four of the five males that were
marked as hatchlings in the lake area were recaptured as
adults in the river area 6-9 years later, 8-18 km from
where they were marked. Other individuals marked as
hatchlings may have dispersed larger distances, but
these would have moved out of the study area.

The combination of light hunting, extensive repro-
duction and frequent dispersal probably result in the lake
area being a source for the hunted population. In con-
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trast, intensive hunting and low reproductive rate prob-
ably mean that the river population is a sink, and would
not have been able to sustain the intensive hunting of the
1980s (Mouréo et al., 1996), if it had been isolated from
the lake area. Some other hunted populations of
crocodilians also appear to represent source-sink sys-
tems, with most reproductive individuals in areas that
are not readily accessible to hunters (e.g. Alligator
mississippiensis — Joanen & Mc’Nease, 1987; Elsey &
Kinler, 2004; Melanosuchus niger — Da Silveira, 2001).
Whatever the specific roles of Nhumirim and Campo
Dora Ranches in the dynamics of local populations of
caimans, this study has shown that individual Caiman
crocodilus yacare undertake extensive movements sea-
sonally, annually and over the life span of individuals.
These movements cover areas much larger than the av-
erage size of ranches in the Pantanal, so individual
ranches should not be considered autonomous units in
management plans for the Pantanal caimans.
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