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Abstract

and monitored their movements from 2015 to 2018.

animal.

Background: The Orinoco crocodile (Crocodylus intermedius) is the largest crocodile and the most threatened by
extinction in the Neotropics due to overexploitation for the skin trade during the early-middle twentieth century.
Knowledge of their ecology is poor in Colombia because long-term armed conflict has restricted fieldwork. In 2015,
we reintroduced four captive-reared adult crocodiles, each equipped with a Sirtrack KiwiSat 202 satellite transmitter

Results: Seasonal movements were as far 177 km in males and 115 km in females. Home ranges were as large as

55 km? for males and 16 km? for females for a single year and 178 km? and 21 km?, respectively, for males and females
over 2 years. Spatial ecological patterns changed drastically by season, with males increasing their home range and
females reducing home range during the wet season. We confirmed that daily activity patterns defined as measure by
number of locations across the day were not influenced by season.

Conclusions: We believe that seasonal changes in the size and shape of home ranges were associated with patrol-
ling or exploratory behaviors after release, while daily activity behavior was independent of season, sex or size of the

Keywords: Crocodylus intermedius, Home range, Movements, Activity, Guayabero-Losada River basin

Background

The Orinoco crocodile (Crocodylus intermedius) is the
largest crocodile in the Neotropics [1] and is currently
classified by the IUCN as Critically Endangered [2]. There
are less than 250 adult crocodiles remaining within their
small and severely fragmented range that extends from
Venezuela to Colombia [3]. With a decrease in armed
conflict, new data indicate that crocodile populations are
not recovering and even suggest that local extinctions
may have occurred [4, 5].
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The ecology of the Orinoco crocodile is also poorly
known, with most studies focused on captive individu-
als or from population concentrated in a few localities in
Venezuela [6]. Spatial ecology information is particularly
scarce and represented by anecdotical data [1], long-term
movements of juvenile crocodiles [7] or short-term pre-
liminary information on adults [8].

Telemetry tracking has been utilized for monitoring
the survival of released crocodiles [9] and is an effective
method for studying several features of the spatial ecol-
ogy of crocodilians such as home range, movement pat-
terns, identification of nesting sites and activity patterns
[10-13]. Understanding the spatial ecology of reintro-
duced species can provide relevant information for their
successful reintroduction [14], for example to determine
the territoriality or overlap degree of home range for
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jaguars reintroduction [15] or to detect areas of which
conservation effort should be implanted in reintroduced
population of Canadian lynx [16].

To ameliorate the risk of extinction, conservation
actions in Colombia have focused on reproduction in
captivity and reintroduction of captive-reared crocodiles
[17]. Captive rearing was first begun in the 1970 s but
reintroduction has only recently been attempted [8, 18].
Due to longstanding armed conflict in Colombia, evalu-
ating the effect of reintroduction has been impractical,
and the only information on the ecology and natural his-
tory of the species has been obtained during rapid cen-
suses [19-22].

To understand the spatial ecology of reintroduced Ori-
noco crocodiles, we deployed satellite transmitters to
captive-reared Orinoco crocodiles and monitored move-
ments of those animals for up to 2 years.

Results

We tracked 4 captive-reared Orinoco crocodiles for
up to 26 months after release. Fem_G was tracked for
26 months (November 2015-December 2017), Male_G
was tracked for 21 months (November 2015-July 2017),
Fem_L was tracked for 17 months (November 2015—
March 2017), and Male_L was tracked for 11 months
(November 2015-September 2016). We obtained a total
of 4142 locations with 25% as LC3, 18% as LC2, 13% as
LC1, 4% LCO, the remaining 40% represented LCB, LCA
and no location. For Fem_G and Male_G, we obtained
1457 and 1079 locations, respectively, and for Fem_L,
1070 locations were obtained, and for Male_L, only 536
locations were obtained. For all crocodiles, the distribu-
tion of locations by accuracy classes was similar with LC3
and LCB being the more frequent locations (Table 1).

Movements

The longest tracking distance (TD) was achieved by
Male_L, which travelled 270 km in 11 months, fol-
lowed by Fem_L with 362 km in 17 months, Fem_G
with 318 km in 26 months and Male_G with 246 km in
21 months (Fig. 1). The farthest linear distance from the
release site was also achieved by Male_L with 64 km,
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followed by Male_G with 22 km, Fem_L with 16 km
and Fem_G with just 9.8 km. We found a strong posi-
tive correlation between age and release distance (RD)
(Fspearman = 0.81, p=0.0005, N=14) and a weak positive
correlation between activity per day (rgpegrman="0-5%,
p=0.045, N=14).

The mean step length (MST) was longest in the smallest
crocodiles (Fem_L and Male_L: 0.5 and 0.8 km, respec-
tively) than biggest ones (Fem_G and Male_G: 0.4 km)
and nearly similar between sexes (females: 0.5 km, males
0.6 km). Across season the MST of crocodiles were short
during dry 2015-2016 (0.3 km) and long in wet 2016,
in both remain seasons the MST was of 0.5 km. Larg-
est MST in males was exhibited by Male_L in wet 2016
(1.0 km) and the shortest MST by Male_G (0.1 km) in dry
2015-2016. Largest and shortest female MST was exhib-
ited by Fem_G in dry 2017-2018 (0.7 km) and wet 2016
(0.2 km), respectively. MST was stronger correlated with
TD (rspearman="0-83, p=0.0001, N=14) than RD (rg,c,.
man = 0.68, p=0.004, N=14).

Across the 2015/2016 dry season, crocodiles from the
Losada River travelled longer distances and moved fur-
ther away from their release location than the Guayabero
crocodiles (Fig. 1). In the 2016 wet season, Losada’s croc-
odiles travelled more and moved farther away than the
Guayabero’s crocs. Fem_G remained near the release site
despite the long distances travelled and the shortest RD
(Fig. 1). During the 2016/2017 dry season the crocodiles
from Guayabero river exhibited a longer TD than Losada’s
female (Fig. 1). In wet 2017, Fem_G travelled more dis-
tance but stayed closer of release site than Male_G (Fig. 1).

Several changes in movement patterns arose between
the dry and wet seasons. From 2015/2016 dry to 2016
wet season, all crocodiles increased their release dis-
tance (88—890%), with the exception of Fem_G which got
closer to her release site (Fig. 1). These seasonal changes
in RD were correlated with sex only in the former pair
(X?=63.3, p=0.0001) and they were mostly associated
with an increase of step length (Fig. 1). From the 2016
wet to the 2016/2017 dry season the crocodiles increased
their RD (1-342%). These seasonal changes in RD were
correlated with sex (X?=5.0, p=0.006), and they were

Table 1 Percentage of locations by Argos accuracy class of Orinoco crocodiles tracked during 2015-2018 climatic seasons

in the Guayabero and Losada Rivers

Crocodile LC3 LC2 LC1 LCo LCB LCA
Fem_G 25.1 175 12.8 4.0 29.1 11.6
Male_G 24.8 17.5 13.6 4.8 26.5 12.7
Fem_L 27.5 18.6 147 4.6 23.2 1.5
Male_L 235 16.6 10.8 35 285 17.0
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Fig. 1 Travelled distance (TD) and distance of release site (RD) of crocodiles during 2015-2016 to 2017-208 dry seasons in the Guayabero (Green)

also mostly associated with an increase of step length but
a decrease of its frequency (Fig. 1). From the 2016/2017
dry to 2017 wet season, the changes in RD were associ-
ated with sex (X?>=8.1, p=0.006, respectively), increas-
ing in females (17%) and decreasing in males (—7%).
These RD female and male changes also related, respec-
tively, to a decreasing (—2%) and an increasing (14%) in
step length.

Home range

The largest total home range was achieved by Male_L
(85 km?), followed by Male G (57.6 km?), Fem_L
(21.3 km?) and Fem_G (20.2 km?). The trend in the core
area was similar to the home range; males exhibited
larger areas (Male_G: 85 km?, Male_L: 10.4 km?) than
females (Fem_L: 3.8 km?, Fem_G: 2.2 km?).

Across the 2015/2016 dry season, Losada’s crocodile
home range and core area values were larger than those
of the Guayabero (Table 2). In the 2016 wet season, the
pattern of home ranges and core areas changed slightly:
Males exhibited larger areas than females (Table 2).

Table 2 Home range and (core area) estimates of Orinoco
crocodiles tracked during 2015-2018 climatic seasons
in the Guayabero and Losada Rivers

Season Crocodile KHER 95%
(50%) Km?
Dry 2015/2016 Fem_G 5.0(0.9)
Fem_L 16.2 (3)
Male_G 3.0(08)
Male_L 31.8 (4.5)
Wet 2016 Fem_G 4.4(0.8)
Fem_L 5.0(07)
Male_G 6.9(1.3)
Male_L 553 (4.6)
Dry 2016/2017 Fem_G 15.6 (1.8)
Fem_L 3.2(0.6)
Male_G 489 (8.3)
Wet 2017 Fem_G 12.6(1.3)
Male_G 9.1 (1.3)
Dry 2017/2018 Fem_G 45(0.7)
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During the 2016/2017 dry season, Guayabero’s croco-
diles exhibited the largest home ranges and core areas
(Table 2), and during the 2017 wet season, Fem_G exhib-
ited a larger home range and core area than Male G
(Table 2).

Crocodiles drastically changed the size and shape of
their home ranges and core areas throughout the sea-
sons. From 2015/2016 dry to 2016 wet season (Table 2,
Fig. 2), males increased their home ranges (74—130%,
Losada and Guayabero, respectively) and their core areas
(2-63%, Losada and Guayabero, respectively). In contrast
to the males, females exhibited moderate decreases in
both home ranges (—69% and —12% Losada and Guay-
abero, respectively) and core areas (—77% and —11%,
Losada and Guayabero, respectively). Seasonal changes
in home range and core area size were significantly differ-
ent between sexes in both pairs of crocodiles: Guayabero
(X?=10.9, p=0.0011 and X?=4.5, p=0.04, respec-
tively) and Losada (X% 48.1, p=0.0001 and X?* 22.5,
p=0.001, respectively).

The shape of Male_G’s home range from 2015/2016 dry
to 2016 wet (Fig. 2) changed from a uniquely contiguous
area to seven areas (one large and six small), whereas the
Male_L changed from eight noncontiguous areas (four
large and four small) to 11 (two large and nine small).
Fem_G’s home range shape changed slightly from four
noncontiguous areas (one large and three small) to two
(one large and one small), whereas Fem_L changed its
home range from four noncontiguous areas (two large
and two small) to eight (one large and seven small).

During the 2016/2017 dry season (Fig. 3) females
greatly increased their home ranges (878% and 255%,
Losada and Guayabero, respectively) and core areas
(1086% and 125%, Losada and Guayabero, respectively).
In contrast, males exhibited a moderate decrease of
54% of their home range and core area sizes. Changes in
home range and core areas were significantly different
between the sexes (X?>=42.7, p=0.0001 and X?=274,
p=0.04, respectively). With relation to home range shape
changes, Male_G changed its home range shape in five
areas (one very large and four small), Fem_G to four areas
(one large and three small), and Fem_L changed it to only
one large area (Fig. 3).

During the 2017 wet season crocodiles decreased
their home ranges (—42% and — 74%, female and male,
respectively) and core areas (—28% and —46%, female
and male, respectively) according to their sex (home
range: X?=38.1, p=0.0001 and core area: X*=13.7,
p=0.0004). Home range shape also changed: Male_G
exhibited a one area home range while Fem_G increased
it to six areas (one large and five small areas) (Fig. 3). By
the 2017/2018 dry season (Fig. 3), Fem_G had decreased
her home range (—51%) and its core area (—46%); and
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reduced her home range to three areas (a very large and
two very small areas) (Fig. 4).

Activity

Activities were different among the crocodiles across sea-
sons (H=40.4, p=0.0001, df=13), between sexes across
seasons (H=17.2, p=0.01, df=7) and between pairs of
crocodiles (H=17.2, p=0.01, df=7) (Fig. 5). Females and
the smallest crocodiles (released on Losada River) were
more active on average than were the males during the
first year after release; after this, the activity of Male_G
was slightly higher than that of the females (Fig. 5).

Daily activities did not differ among crocodiles (X*
1.19, p=0.98) and sexes (X 0.53, p=0.98), but they dif-
fered among time intervals (X* 8.34, p=0.04, df=3).
Crocodiles were more active in the morning than in the
evening (p=0.02) or noon (p=0.003). This result indi-
cated that daily activity was not uniform, despite croco-
diles being active throughout the day, they increase by
8% their activity in the morning and the early morning
(Fig. 6).

Discussion

We deployed satellite transmitters to four reintroduced
(captive reared) Orinoco crocodiles (Crocodylus interme-
dius). Our results represent the longest period of satel-
lite telemetry monitoring for this species and despite the
small sample size, some trends in movement patterns and
habitat use are apparent.

Crocodiles drastically changed their spatial use and
movement patterns between the wet and dry seasons. In
general, crocodiles travelled more in the wet season com-
pared to the dry season; and males move farther from
their release location than females. The smallest croco-
diles and male crocodiles had larger home ranges and
high use areas than the largest female crocodiles. Males
exhibited larger home ranges during the wet season, and
females exhibited their largest home ranges during the
dry season. Daily activity patterns (as measure by num-
ber of locations) were the same regardless of season,
body size or age: all were more active during two peaks,
early morning to morning and late afternoon to evening.

Despite the maximum distance travelled during a sea-
son (177 km in males and 115 km in females) is nearly
twice less than the largest travel registers by saltwater
crocodile during a climatic season [23, 24], it indicates
that at least adult individuals of Orinoco crocodile can
be notorious voyagers also. Dispersal distances varied,
with the Guayabero pair staying within 1 km of its release
site, and the other pair moving 7 km away during the
first 3 months. This result contrasts with the dispersal of
captive-reared juvenile who dispersed around 3 to 4 km
3 months after its release [25]. The dispersal patterns in
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Fig. 2 Home ranges 95% KHER (light colors) and core areas 50% KHER (dark colors) of crocodiles during 2015-2016 dry and 2016 wet seasons.

this study also showed marked contrast to others as these
animals dispersed from release location in small incre-
mental movements, in contrast to other studies that indi-
cate rapid direct movements around 6 to 9.9 km away
from their release location in the first 2 months [7].

We did not detect strong evidence that changes in
home ranges and core areas were related to the move-
ment estimators travelled or release distance, which
reinforces that the relationship between movement and
home range is not always direct in crocodiles, as previ-
ously documented in C. acutus, for which subadults
showed longest average movement distance than juve-
nile but their home ranges were very similar, or for

similar average movements distance between subadults
and adults, but a home range twice as large as in the for-
mer [10]. We observed two main behaviors in crocodile
movement and habitat use in response to reintroduction
as well as its role in the population (with respect to its
sex and size) during each season. One pattern consisted
of relatively long steps across small home ranges within a
contiguous area habitat. The second pattern consisted of
short steps across large home ranges within several non-
contiguous areas. We characterize such behavior as those
of a patroller and those of an explorer, when movement
is restricted to a large particular area which is covered by
systematic long trips (patrolling) or when the movement
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is restricted to several intermediate-size areas which are
covered by a like “stepping stone” short steps to discover
new areas (exploring).

It is known that after release, the smallest crocodiles
needed to disperse during the months to take possession
of a territory (for nesting in females) or to explore for a
year without finding a territory to settle in young males
[26]. Disperse behavior of our smallest male, Male_L,
could be an example of the typical young crocodiles seek-
ing for territory, however, this behavior must with more
data from other reintroduced crocodiles. The largest
crocodiles settled in a territory around their release site,
which suggested that large Orinoco crocodiles (in our
case males>3.1 m, females>2.4 m) are able to defend a
territory from at least the first year after release in sites
where large adults are already known to live. After release
and with territories already established, crocodiles

showed both explorer and patroller seasonal behaviors,
according to their roles in the life-cycle.

Different movements between seasons seem to be
a ubiquitous pattern among crocodilians as a result
of dynamic resource availability or ontogenetic niche
requirements [27, 28]. Kernohan et al. [29] reported
that the seasonality of male movements may indi-
cate dynamic interactions between males as they seek
or defend territories [27]. Agonistic interactions also
occur between females when an intruder enters an
occupied territory [1], but females also travel during
the late breeding season to find the best beaches for
nesting, which usually occurs during the dry season
[27, 30—32] and so their seasonal movements are differ-
ent from males. The Orinoco crocodile appears to fol-
low this same pattern, with its life-cycle being closely
associated with seasonal water dynamics in a way that
is very similar to that of the American crocodile [10].



Moreno-Arias and Ardila-Robayo Anim Biotelemetry

(2020) 8:15

Page 7 of 13

Dry 2016-2017

Wet 2017

Fem_G

Male_G

Lozada river

Guayabero river

Fem_L

Lozada river

740

22

Fig. 3 Home ranges 95% KHER (light colors) and core areas 50% KHER (dark colors) of crocodiles during 2016-2017 dry season and 2017 wet

season. Females in red and males in green




Moreno-Arias and Ardila-Robayo Anim Biotelemetry (2020) 8:15

739 -73.8

23 23

Guayabero river

22 Lozada river

LaMacarena A
739 738

Fig. 4 Home range 95% KHER (light colors) and core area 50% KHER
(dark colors) during the 2017-2018 seasons of Fem_G

During the mid-to-late wet season, courtship and mat-
ing occur; during the dry season, nesting occurs; and
during the late-dry and early-wet season, hatching
occurs [1].

The roles of adult crocodiles are different for each
life-cycle phase based on their different movement pat-
terns. In the 2016 wet season, male movements were
high and it could be related with the seeking for mates
as well as defending territories, as previously registered
for the species during wet seasons [1]. This relates to
the explorer behavior that extended to the 2016-2017
dry reproductive season. It has been reported for the
Orinoco crocodile and other crocodilians species that
in the dry season females seek nesting beaches [26, 31,
32]. During the 2016—2017 and 2017-2018 dry seasons,
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the largest female was exploring and moved away from
its released site; a possibility is those movements could
indicate trips where new nesting beaches discovered
were unsuccessful, and it is mainly supported by the
fact that the core area always remains at the release site.

It is interesting that crocodiles from Guayabero River
have overlapped its home range during dry 2016-2017
in the area at the confluence of the Guayabero and
Losada Rivers, where one of the best nesting beaches
occurs (R.M.A. Pers. Obs. 2016), because this area
could be an important site to both study and monitor
the reproductive ecology of species.

In wet 2016 both males increased their home ranges
nearly twice compared with the previous dry season,
this increase could be associated to exploring the sur-
rounding floodplain in rainy season (including oxbow
lakes reconnected with the main river), which is a
behavior previously documented in the Orinoco croco-
diles [6, 25, 33]. However, our results partially matched
with the mentioned behavior because in posterior sea-
sons the change of home range size for Male_G was
inverse: a smaller home range in wet 2017 than 2016—
2017 dry season. Changes in size and shape of size of
home range observed for Male_G during dry 2016-—
2017 to wet 2017 indicated a change of territory that
could be product of the expulsion of its previous ter-
ritory by a larger male. A similar behavior was already
documented in saltwater crocodile from Australia and
was associated to site-fidelic male patrolling around
female territory and to subordinated nomadic males
which were forced to travel long distances for search of
unguarded females [12].

Even with the difficulty of comparing home range esti-
mates of several species in diverse habitats using with
different methods, or as our case of a very small sample

120

80
60

40

. M

Dry 2015/2016 Wet 2016

Monthly average locations

Dry 2016/2017

Fig. 5 Monthly average of number of locations (seasonal activity) in Orinoco crocodiles during 2015-2018 climatic seasons in the Guayabero
(Green) and Losada (Red) rivers. Females in dark colors and males in light colors
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size, we can state that the maximum home ranges by sea-
son for Orinoco crocodile (48 and 55 km? for males and
15 and 16 km? for females) represent one of the largest
documented for crocodilians. Compared with C. poro-
sus [27], males of C. intermedius possess similar home
ranges, but females possess home ranges up to six times
larger. Males of the Orinoco crocodile have home ranges
approximately four times larger and females approxi-
mately three times larger than those of C. acutus [10]
and five and approximately 12 times larger than C. niloti-
cus [34]. Both male and female Orinoco crocodiles have
home ranges two and six times larger than those of Alli-
gator mississippiensis [11].

Daily activity patterns of Orinoco crocodiles seem to
partially match other studies and reflect two daily high-
activity periods, during morning and afternoon, when
crocodiles are fishing, hunting or basking [6]. It has been
suggested that land hunting by crocodiles occurs in the
early morning [20] and while our data support this idea
we also believe that they are also active hunters late at
night in at least the Guayabero River (R.M.A. Pers. Obs.
2016). It has been documented that the Orinoco croco-
dile exhibited only one period of activity from morn-
ing until afternoon in the wet season [6]; however, we
observed the same bimodal pattern of activity in both
wet and dry seasons. This bimodal daily pattern has also
been attributed to thermoregulatory behavior in several
crocodilian species [35-38].

Despite the data presented here are represented by
only four individuals, these highlight the reliability of
reintroducing adult crocodiles and monitoring them
successfully through telemetry approaches. A relatively

yearly-constant territory and low dispersal for females
indicates that supplementation with large females could
be a key tool for conservation because it permits the
implementation of management actions under a spatial—
temporal limit below 16 Km? during the first 2 years after
reintroduction per female. The supplementation with
large males could be more restrictive, and it should be
made with crocodiles larger than males already in popu-
lations, to avoid changes in territories and large disper-
sal of reintroduced crocodiles which would hinder the
implementation of management action under a spatial
and temporal framework. However, if that requirement
is accomplished, it would define the same approach of
females.

Conclusions

We propose that seasonal changes in size and shape of
home ranges are associated with the patroller or explora-
tory behavior. Our smallest crocodiles exhibited explorer
behavior after release which translated into large home
ranges composed of several small noncontiguous areas,
whereas the larger crocodiles exhibited what we define
as patroller behavior consisting of home ranges defined
by only one mid-sized area. Patroller behavior was mainly
exhibited by males during the dry season—possibly to
defend resources and by females during the late-dry
to early-wet season possibly related to nesting protec-
tion and parental care. Explorer behavior was common
in males in the late wet season possibly to find and fight
for mates, and to females in the dry season as a possi-
ble response to the need to find nesting sites. Crocodile
activity periods were consistent across seasons.
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Table 3 Crocodile identification, sex, age, body length, weight, and geographic location at release site

Crocodile Sex Age (years) Total length (cm) Weight (Kg) Release site location
Fem_G Female 6 246 64 Guayabero River

Male G Male 10 312 11 2.288572° N, — 73.867053° W
Fem_L Female 7 235 59 Losada River

Male L Male 10 290 150 2.195056° N, —73.891689° W
Methods while still maintaining adequate location information for
Study area this study. Veterinary procedures to attach the transmit-

We conducted the study in the Guayabero and Losada
Rivers in La Macarena municipality, department of Meta,
Colombia (latitude 2.18° N, 73.78° W) (Fig. 7). The region
comprised lowland moist tropical forest between the
Eastern Andes and the La Macarena Serrania with a very
wet climatic unit [39], characterized by a mean annual
temperature of 25.9 °C (max 33.6 °C, min 19 °C) and an
annual mean precipitation of 2587 mm. The Guayabero
and Losada Rivers originate in the Eastern Andes and
belong to the Duda—Guayabero drainage which eventu-
ally flows into the Orinoco River on the eastern Colom-
bia/Venezuelan border. Both rivers are classified as white
water rivers with high sediment and high productivity
compared to the black or clear water rivers of the east-
ern Orinoco drainage [40]. The study area belongs to a
recently defined priority habitats/crocodile conservation
unit for the Orinoco crocodile [41].

Captive-reared crocodiles were released with Sirtrack®
KiwiSat 202 Argos transmitters attached in their nuchal
rosette [42]. The transmitters were duty cycled 3 h
ON/1 h OFF every day, to provide maximum battery life

ters on the crocodiles were performed by a veterinarian
from the Faculty of Veterinary Medicine and Zootech-
nics at the Universidad Nacional de Colombia. The ani-
mals were released in November 2015 at the Guayabero
and Losada Rivers [8] (Table 3).

Geographic position, date, and time were provided by
the Argos CLS. Argos provides a series of location prob-
abilities known as location classes (LC) which are defined
as follows: locations with precision <250 m (LC3), loca-
tions with precision between 250 m and 500 m (LC2),
locations with precision between 500 m and 1500 m
(LC1), and locations with precision>1500 m (LCO).
Unknown accuracy locations are denoted as classes LCB
or LCA [43].

To analyze movements and home range patterns, we
used only locations with the highest precision (LC3).
Because the hydrological dynamics in the study area are
driven by the amount of precipitation, we used the pre-
cipitation data from the La Macarena climatic station
[39] to break down the dataset according to two seasons
as follows: a wet season with precipitation of 1828 mm
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between April and September and a dry season with pre-
cipitation of 759 mm occurring from October to March.
Seasons were defined based on historical multiannual
data of precipitation from mentioned climatic station
[39], dry season corresponded to the months with a pre-
cipitation less than the multiannual average, whereas
months with a precipitation greater than multiannual
average corresponded to wet season.

To characterize the movement patterns, we calculated
the total distance travelled per season (TD) as the sum
of all step distances during the season. Distance from
the release (RD) location was calculated as the farthest
straight-line distance reached from the release site dur-
ing each season. We also calculated the mean step length
(MST) through dividing the cumulative travelled distance
by the number of tracked days.

To quantify and describe the spatial patterns, we
estimated the home range of each crocodile using the
Kernel Home Range Estimate (KHRE) kernel use distri-
bution (KUD) estimator [44] using the tool ZoaTrack.
The smoothing parameter # was estimated using a
least squares cross-validation in a grid of 250 m. [45].
We used this estimation to produce better estimates
of home-range size and identify discrete patches of
high use than other methods under data not very tight
clumped, and additionally avoids potentially subjective
choices of smoothing parameters [46]. We calculated
the 95% and 50%, utilization distributions, to evaluate
home range and the core areas [13]. Home range map
design and area calculations were performed in the GIS
software QGIS 3.4.4 [47].

To determine activity patterns, we used data informa-
tion from LC1 to LC3 locations because time of each
location uplink was more important than the quality
of the positions. Argos satellite coverage enables 6 to 7
passes per day at the equator, and these passes occur
at fixed local solar times, thus the satellites can pick up
the information from transmitters at least every 4 h.
Therefore, we could gather data information for each
period when the transmitters were on and if the croc-
odiles were at the surface with the antenna exposed.
We used the number of locations per transmitter-on
periods as a proxy for time that crocodiles were above
the surface of the water. Time spent above water is an
approach already used in other crocodile studies [13]
to describe activities such as time engaged in ther-
moregulation, time resting on land, time seeking ter-
restrial prey, and intraspecific interactions. In order to
describe seasonal activities, we calculated the monthly
average of locations per crocodile for each season. And
to describe daily activities, we broke down the location
data into time intervals of 3 h (20:00-22:59, 00:00-2:59,
8:00-10:59 and 12:00-14:59).
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To explore the relationships among precipitation, croc-
odile size, age, movement, activity, and home range, we
performed Spearman’s correlation tests. To detect asso-
ciations of the movements (except MST) and home range
estimators between the sexes across seasons, we used a
Chi square test on each pair of crocodiles and each sub-
sequent season. To explore differences in movement
and activity (number of locations per month) estimators
among crocodiles, between sexes and seasons we used
the Kruskal-Wallis test and Mann—Whitney pairwise
comparison tests. Differences in activity among time
intervals throughout the day were tested with the Fried-
man test using crocodiles as subjects and frequency of
locations at each interval as treatments. To detect spe-
cific differences among intervals, we used the Wilcoxon
pairwise comparison test.
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