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ABSTRACT

The first life stage of crocodilians is considered the most critical in terms of survival, particularly in
regions that have well-defined cold seasons. To estimate this parameter for hatchling broad-snouted
caimans, Class I (CI = snout-vent length < 25 cm), we released 36 caimans (18 in 2018, and 18 in 2019)
born in captivity that were equipped with VHF radio-transmitters, and we monitored them during each
first winter season. We actively searched for the animals during field trips and registered their status
as alive, dead, lost transmitter (LT), or radio signal ceased (SC). Due to the occurrence of LT and SC,
we proposed eight possible survival scenarios, assuming different combinations of "alive" and "dead"
caimans. We analyzed each scenario and compared it between years. In 2018 we found 55.5% dead and
44.5% LT, resulting in survival estimates from 0 to 0.38 according to the scenario. In 2019 we found
50% alive, 33% LT, and 17% SC, with survival varying from 0.5 to 1. Survival in 2019 was higher than
in 2018 in all scenarios. Assuming predation was the most plausible cause of LT, with the most likely
scenarios estimated 0% survival in 2018 (although the minimum detectable by this methodology is 5%)
and 67% in 2019. This information can be helpful for ranching with release programs, as it allows for
a better adjustment of the reintroduction rate and opens up the possibility of earlier releases when

resources to keep animals in enclosures are scarce.
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SIGNIFICANCE STATEMENT

Hatchling survivorship is still unknown for many crocodilian species, including Caiman latirostris, but it
is suspected to be low. Knowing the parameters that govern the species’ life history is important to generate
proper management guidelines. We estimated the minimum and maximum survivorship of caimans in winter as
5% and 67%, respectively. This type of information can be useful for ranching programs that practice the release
of animals in terms of conservation as a way of perpetuating the species. This allows for a better adjustment
of the reintroduction rate and opens up the possibility of earlier releases when resources to keep animals in

enclosures are scarce.

INTRODUCTION

In the life cycle of crocodilians, the first stage is
the most critical, given the high mortality rate caused
by predation (Somaweera et al. 2013) and by thermal
stress during the winter of temperate climates (Larri-
era and Imhof 2006; Wood et al. 2017). The hatch-
ling survival rate is still unknown for many crocodil-
ian species, including Caiman latirostris, but it is
suspected to be low. For example, in Alligator mis-
sissipiensis, the estimated survivorship was 16.4% in
Louisiana (Carbonea 1987) and 10 to 25% in Florida
(Temsiripong et al. 2006). One of the critical limi-
tations for the survival of C. latirostris in Argentina
is suspected to be the strong seasonality, with mini-
mum temperatures below 0° C during winter (June-
september) (Simoncini et al. 2009). Such low temper-
atures reduce crocodilian activity, which is limited to
Sunbasking and staying in the water, and they do not
feed (Diefenbach 1988; Larriera and Imhof 2006). Ex-
treme climatic variations lead to mortality, especially
in hatchlings or Class I (CI) animals (Brandt and
Mazzotti 1990; Mazzotti et al. 2016), which corre-
sponds to those with a snout-vent length (SVL) < 25
cm in C. latirostris (Leiva et al. 2018).

Knowing the parameters that govern a species’ life
history is important for generating effective manage-
ment guidelines. Sustainable use of wild crocodile
populations has shown that a depleted population
can recover while a portion is commercially exploited
(Larriera 2011). This has created economic incentives
for conservation and sustainable use (Larriera 2011).

The conservation and sustainable use strategy cho-
sen for caimans in Argentina has been ranching. This
technique comprises collecting eggs in the wild, in-
cubating them artificially, and rearing the hatchlings
in captivity for a certain period (nine months, Lar-
riera 2011; Larriera and Imhof 2006). In this sys-
tem, hatchlings are kept under controlled conditions
in heated greenhouses with food ad libitum. Approx-
imately, 10% of the hatched individuals are released

at a size similar to a juvenile caiman (25 < CII < 68
cm SVL). The rest remain in captivity, destined for
commercial production. The ranching technique was
developed specifically to address the significant loss of
eggs (around 40-50%; Larriera and Pina 2000; Larri-
era and Imhof 2006) and individuals during their first
year of life in the wild. For C. latirostris, it is specu-
lated that approximately 10% survive their first year
of life (Larriera 2011).

Evidence shows that this conservation strategy has
been effective for C. latirostris, as released caimans
seem to have a relatively high survival rate (Larriera
et al. 2006; Larriera and Imhof 2006). There are even
reports of released animals reproducing in the wild
(Larriera et al. 2006). In other species, such as the
American alligator, it was found that when released
at juvenile size (between 91-152 cm total length- TL)
reported survival is 87% (Capelle 2017). On the other
hand, hatchlings (< 30 cm TL) released at birth have
the same survival rate as natural hatchlings (Tem-
siripong et al. 2006). For this reason, we can as-
sume that reintroduced animals have a destiny sim-
ilar to that of their wild counterparts, regardless of
their size at the time of release (Larriera et al. 2006;
Temsiripong et al. 2006; Viotto et al. 2020).

The lack of information on the survival of C.
latirostris offspring is due to the difficulty in determin-
ing population parameters that control the life his-
tory of crocodilians (Nichols 1987). Crocodilians are
usually observed using night counts, mark-recapture,
or aerial counts (Bayliss et al. 1986; Fujisaki et al.
2011; Pina et al. 2010; Portelinha et al. 2022). How-
ever, detecting hatchlings and youth crocodilians us-
ing these methods is difficult because of their small
size (Fujisaki et al. 2011) and their tendency to stay
hidden in aquatic vegetation or refuges (obs personal,
Larriera and Imhof, 2006). In the few studies that
include hatchling abundance, such data are gener-
ally treated separately from other size classes because
of the high mortality exhibited by small individuals
(Pifa et al. 2010; Somaweera et al. 2013). Conse-
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quently, the methods used for adult crocodilians tend
to be relatively ineffective for hatchlings and young
(Lang 1987).

For these reasons, we used radio-telemetry to track
and locate Class I (CI) individuals (< 25 cm SVL) in
the wild and to estimate their survival rate during
their first cold season. Since this is one of the most
vulnerable times for these crocodilians, it is necessary
to know the proportion of hatchlings that stay alive
after this critical period. We expected that, by esti-
mating the survival of hatchlings after the period of
most significant mortality, we would be able to detect
the factors affecting this parameter. Such informa-
tion might help determine the appropriate proportion
of individuals that ranching programs should release
for this species.

MATERIAL AND METHODS

Study Area

Fieldwork for this study was conducted from May
to September (autumn-spring) in 2018 and June to
January (autumn-summer) in 2019 in the largest la-
goon at Reserva Natural Manejada El Fisco (RN-
MEF; 30°11°26” S, 61°0°27" W), located in the de-
partment of San Cristobal, in the NW of Santa Fe
province, Argentina (Figure 1) (Lorenzon and Leiva
2019). The primary objective of this reserve is the
conservation and management of the broad-snouted
caiman (Provincial Law No. 12.175 Art. 37). This
region is one of the sites where eggs are collected for
Ranching Program for “Proyecto Yacaré”, a sustain-
able use program of the species (Larriera and Imhof
2006). The region’s temperate climate has an annual
average minimum temperature of 14.9° C (the aver-
age minimum temperature in winter is 7° C, and the
maximum is 25.6° C), with average annual precipi-
tation of approximately 1,380 mm. Although during
winter there is a marked drop in temperature in this
area, there is no ice or snow surface layer. The nat-
ural reserve is 2,000 ha and represents several land-
scapes such as upland and lowland areas, swamps, and
ephemeral and permanent lagoons. The predominant
vegetation is savanna forest (Larriera 1995; Montini
et al. 2006), characterized by Prosopis alba, Acacia
caven, Celtis tala, and Geoffroea decorticans (Loren-
zon and Leiva 2019). The lagoon is approximately 300
ha, around 1.5 m deep, and is surrounded by dense
aquatic vegetation such as Typha spp., Juncus spp.,
Scirpus spp., and Ceratophyllum demersum (De la
Pena 1994). Because it is a managed reserve, con-
trolled livestock activity is allowed, except in its core
area, where the lagoon is located.

Transmitters

During 2018 and 2019, we released 18 C. latirostris
each year with attached VHF radio transmitters in
the lagoon at RNMEF. Animals were tracked in reg-
ular periods to evaluate survivorship. We selected
caimans hatched in February at Proyecto Yacaré facil-
ities in both years. We marked the hatchlings on cau-
dal scutes (according to Larriera and Imhof, 2006) and
attached transmitters ATS (Minnesota, USA; model
A1080; 3.9 g, battery duration up to 441 days, 13 mm
wide, 24 mm long) to all released animals.

The animals included in this study were selected
based on their body mass, considering that each year’s
body size (SVL and TL) should be as similar as pos-
sible. At hatching, C. latirostris individuals measure
10 to 12.5 cm SVL (20.3-24.9 ¢cm TL) and weigh 37.3
to 51.6 g (Simoncini et al. 2019). As the appropri-
ate "transmitter mass/caiman mass" ratio required
is less than 5% body weigh, we waited until the ani-
mals achieved 85 g before attaching transmitters. The
caimans were previously kept in captivity (enclosures
that have 50% natural light, 50% shade, 50% water,
and 50% dry, Larriera et al. 2008), at 29° C to 31° C,
and with food (70% chicken carcasses and 30% food
specially designed for reptiles) provided ad libitum.

The transmitters were trapped between the sub-
cutaneous tissue and the musculature with plastic
thread. The procedure was as follows: 1) individ-
uals were immobilized, and their eyes were covered;
2) local anesthesia was injected (lidocaine 10% - 10
mg/ml concentration -, diluted 0.1% in saline solu-
tion, injecting 2-3 mg/kg per live weight); 3) the area
of intervention was disinfected with povidone-iodine,
and a subcutaneous plastic thread was introduced;
4) before the final attachment, a thin layer of soft
Epoxy glue was applied between the equipment and
the nuchal zone to avoid friction; 5) using the threads
(nylon 1mm thickness), each transmitter was fastened
over the nuchal scales. A veterinarian performed all
the surgical procedures at Proyecto Yacaré facilities
in Santa Fe, Argentina. After the surgery to attach
the transmitter, the animals were maintained for 7
days at 25°C to 26°C. During the following 15 days,
the enclosure’s temperature was gradually reduced to
acclimate the animals to the natural environmental
temperature to mitigate thermal stress after release.

Considering that small crocodilians tend to stay
in groups (Campos et al. 2012; Lang 1987), we re-
leased the individuals in three groups of six animals
each, in different sites at the lagoon. The release sites
were selected based on the presence of small animals
on previous occasions (Figure 1), except for site 3 in
2018, which was randomly chosen because we found
CI individuals in only two places. In 2019 we changed
location 3 of 2018 to one where we had sighted hatch-
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Figure 1. Location of "Reserva Natural Manejada el Fisco" (RNMEF) and image from SAS planet (software
free) of the lagoon where caimans were released. Sites 1 and 2 were the same in both years. Site 3 (2018) is

coloured in light yellow, and site 3* (2019) is blue.

lings (location 3* in Figure 1). To test the tracking
method and monitor how the caimans adapted to the
new habitat, we monitored them for three days “post-
release” and repeated this procedure on days 7 and 14.
After this initial period, individuals were tracked ev-
ery 20 days. When temperatures decreased abruptly,
we traveled to the field in the subsequent days to
check for increased mortality since we suspected that
mortality could be related to cold fronts. The ani-
mals were tracked for five months or until all were
deceased. We tried to include the coldest (from May)
and warmest periods (until December) in both years.

In 2018, we attached the transmitters on May 15,
and caimans were released on June 4 (approximately
three months of age). While in 2019, these procedures
were performed on June 27 and July 16, respectively,
when the caimans were 4 months old. In this way, we
were looking to release larger animals in 2019 than
in 2018, though still belonging to stage-class one (CI
< 25 cm SVL, in 2018: SVL range = 14.5-16.5 cm,
Body Mass range = 83-122 g; in 2019: SVL range =
16-19 cm, Body Mass range = 131-200 g), to find out
whether the survival of the offspring varied due to this
difference in size. We tested the difference in body size
between years using the Kruskal-Wallis Test. Based
on their release size, we estimate how old the ani-
mals would have been if they had been hatched and
grown up in the wild, using the descriptive growth
model of Viotto et al. (2020) and the SVL of each
animal. On the other hand, the average ambient tem-
perature on release day in 2018 was 15.49° C (range =

5.75 - 21.85° C, while in 2019 it was 11.55° C (range
= 5.43 - 17.85), data from the webserver "Climate-
Engine" (http://climateengine.org) (Huntington
et al. 2017).

To determine the status of the animals (dead or
alive), we actively searched for them using teleme-
try from 11 am to 5 pm during the winter (June
to September) and from 5 pm through 11 pm dur-
ing warmer periods. These schedules correspond to
the times of greatest activity of caimans in each sea-
son. In this way, we took advantage of their basking
behavior (in cold seasons) and foraging behavior (in
warm seasons), which allowed us to visualize them
with the lowest possible interference. Once a signal
was detected, we located the individual or the trans-
mitter. We also recorded the respective geographic
coordinates and classified the status of each animal
as alive, dead, unseen, or lost transmitter. We also
recorded those cases where the transmission stopped
(three in 2019). We captured and manipulated the
radio-tracked individuals only at the end of the study
when they were weighed and measured, and the trans-
mitters were removed. We released the caimans at
the same site of capture. To evaluate the climatic
conditions to which the animals were exposed in the
wild during the experiment, we obtained temperature
data from the webserver "Climate-Engine" (http:
//climateengine.org) (Huntington et al. 2017). We
counted the days with a maximum temperature < 16°
C, since the release date to the end of the fieldwork
in both years. This limitation was chosen because of
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the reduced capacity for action of the immune sys-
tem at lower temperatures in these animals (Reyes
et al. 2018). We also report the minimum temper-
ature to which individuals were exposed each year
(http://climateengine.org).

Analysis

We performed all data analysis in R software ver-
sion 3.6.2 (R Core Team 2019, www.r-project.org, ac-
cessed July 10, 2020). To analyze the survival rate, we
used the non-parametric Kaplan-Meier test from the
Survival package (Therneau 2019) at the end, com-
pared years using the log-rank test. To build survival
curves, we considered the time elapsed until we found
either a dead animal, or a lost transmitter (LT), or
when the radio signal ceased (SC).

Due to the occurrence of LT and SC animals, we
proposed eight possible survival scenarios, assuming
different combinations of "alive" and "dead" caimans
in these two categories (Table 1). These scenarios
ranged from the most optimistic (scenario 1), in which
we considered all LTs and SCs to be alive, to the most
pessimistic (scenario 8), in which we assumed that all
the individuals that were not seen alive at the end of
the study period were dead.

We formulated the different scenarios, considering
where the transmitter was found (within or outside

the lagoon) and if the equipment surface showed dam-
age. Only transmitters that were found unattached
showed signs of damage (scratches/marks on the sur-
face). Therefore, since it is unlikely that the caimans
caused the damage themselves, those whose transmit-
ters were found unattached were presumed to have
been predated.

Skin Resistance Tests

To assess the probability of occurrence of LT, we
evaluated the resistance of caiman skin to traction
force applied to the stitches of the transmitter. For
this purpose, we used 10 dead animals obtained from
the Proyecto Yacaré of similar size to those selected
for the survival assessment. To each of these corpses,
we attached an epoxy transmitter model (of the same
size and weight as the real device). While keeping the
individual’s body fixed, we secured a dynamometer
to the model transmitter and pulled on until it was
released. In addition, we investigated whether the
caiman skin can reject and, after a time, remove the
stitches holding the transmitter. With this aim, we
attached epoxy transmitter models to 18 live animals
(similar in size and weight to the 2019 group). We
kept these caimans under observation at the Proyecto
Yacaré facilities during the same period that the re-
leased animals were monitored in the field.




Table 1. Information of the evaluated models based on the presumed status of survival.

Survival rate Difference

Scenario LT SC Assumption (SE.) between
2018 2019 years

) ) ) All disappeared animals are alive, 0.38 ) Chi: 15.3
either LT or SC -0.12 P<0.001
5 ) All Only the caimans that lost 0.38 0.67 Chi: 13.6
the transmitter are alive -0.13  -0.12 P<0.001
5 Out of ] Of the disappeared animals, 0.35 0.78 Chi: 12.8
water only only the LTs found outside the lagoon are dead -0.12 -0.1 P<0.001
A Out of AT Of the disappeared animals, 0.35 0.5 Chi: 11.7
water only the LTs found outside the lagoon, and the SCs are dead -0.12  -0.11 P<0.001
5 Out of LT animals that had no mark on the 0.11 0.67 Chi: 23.2
water + Marking transmitter and SC animals are alive -0.07  -0.11 P<0.001
6 Out of All Only LT animals that had no mark 0.11 0.5 Chi: 22.7
water + Marking on the transmitter are alive -0.07  -0.12 P<0.001
. All All LT animals are dead, 0.67 Chi: 30.5
but the SC is alive -0.11 P<0.001
g All Al All the animals that were 0 0.5 Chi: 30.1
not seen alive are dead -0.1 P<0.001

Legend. Information from the models evaluated based on the presumed status, alive or dead, of lost transmitters (LTs) and signal ceased (SCs) for each
scenario, the final estimate of the probability of survival (P. Sup) according to the Kaplan-Meier model, the estimatione of the difference between years
according to the Log-Rank model, and the threshold of SVL at which the probability of mortality changes.
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RESULTS

The caimans released in 2018 were smaller and
lighter than those released in 2019 (Hgy, = 22.8,
df = 1, P < 0.001; Hpodymass = 26.8, df = 1,
P < 0.001; Figure 2). In 2018 the average SVL
was 15.6 cm (SD = 0.68; range = 14.5-16.5 cm) and
102 g body mass (SD = 12.02; range = 83 — 122;
Figure 2), whereas in 2019 the average SVL was 17.5
cm (SD = 0.98; range = 16-19) and 165 g (SD =
24.7, range = 130 — 200 g Figure 2). The transmit-
ter weight/caiman body mass ratio was 3.9 + 0.5%
(range = 3.2-4.7) in 2018, and 2.44+0.5% (range = 1.9
—3) in 2019. We estimated that the animals released
in 2018 were equivalent to wild animals of 0.9 4+ 0.08
year-old (range = 0.78-1.02 year; equal to 11 £+ 0.9
months old, range = 9.33-12.2 months; Figure 2), and
those of 2019 to 1.1 £ 0.09 year-old animals (range =
0.96-1.25 year; equal to 13+ 1.15 month-old, range =
11.5-15 months).

Individuals released in 2018 were exposed for
longer periods to adverse conditions with a maximum
temperature below 16° C (55 days in 2018 and 22 in
2019). The minimum temperature to which they were
exposed in 2018 was —2.4° C and in 2019 = 0.85° C.
None of the caimans kept as controls lost its epoxy
transmitter model, although two died from undeter-
mined causes in the first two weeks. Also, we did not
observe necrosis of the attachment site in the released
animals that were alive at the end of the study. The
measured force required to pull out the sutures was
3.7 + 15 kg.

Monitoring in 2018 lasted 106 days, in which we
made six field trips to track the caimans until Septem-
ber 18, when the last loose transmitter appeared. We
recovered the transmitters of all 18 released animals:
ten were found on dead animals, and the rest were
found loose (LT; nine presented marks in the resin,
and one was found outside the lagoon). We recorded
a death rate of 55.5% and 44.5% LT. At site 3, we
did not register any LT (Table 2), while 100% of the
animals were found dead, and at site 1, we registered
the highest proportion of LT (83%) (Table 2). Even
though we did not find any tagged caiman alive at the
end of this period, our proposed scenarios estimated
the survival rate could be between 0 and 0.38. This
range was calculated according to the number of in-
dividuals considered dead or still alive because of lost
transmitters or those that had stopped transmitting
(Table 1, Figure 3).

In 2019, the monitoring period lasted 170 days,
during which we carried out 10 field trips. On Jan-
uary 2, 2020, we completed the study, removed the
transmitters from the animals, and subsequently re-
leased them. We recovered 83% of the transmitters
(15/18; Table 2). We found six LT (five outside the

lagoon and one with damage to the transmitter’s sur-
face), nine live animals, and three transmitters were
lost with no signal. In 2019 we found no dead caimans,
so the estimated survival rate varied from 0.5 (Sce-
nario 5) to 1 (Scenario 1). In all scenarios, survival
was consistently higher in 2019 than in 2018 (Table 1,
Figure 3).

DISCUSSION

Based on the animals found dead with the trans-
mitter attached, assuming Scenario 1, the survival
rate would be 0.38 for 2018 and 1 for 2019. How-
ever, this scenario does not consider data from an-
imals that lost their transmitter. Therefore, if we
assume that animals carrying LT transmitters were
predated, we should include this type of mortality in
our models. Thus, only scenario 7 would comprise
all causes of death (i.e., cold stress and predation) of
the eight proposed scenarios allowing us to estimate
a more plausible natural survival rate.

The greater weight we give to scenario 7 is mainly
due to the following evidence: (a) the transmitters
had their attachment threads intact, and it takes
about 3 kg of force to remove them from the caimans;
(b) none of the animals in the 2019 control group
kept in captivity with transmitter models rejected
the attachment (due to thinning of the skin -suture
rejection- which results in less resistance to the de-
tachment of the device), which suggests that the same
would occur in nature and therefore the transmitter
would detach from the individual without any extra
force being exerted; (c) some of the LT transmitters
were found outside the lagoon, in a dry open area
(one in 2018 and five in 2019), suggesting that the
individuals had to leave the water and lost the trans-
mitter there; however, this is not consistent with the
behavior of caimans in this stage of their life cycle;
(d) only the LT transmitters presented some damage,
which suggests a possible predation event because the
damage does not seem to have been caused by abra-
sion/friction with vegetation, which seems the most
probable physical barrier where transmitters can be
trapped in this area.

Under the assumption that the corpses we found
were of those animals who died from natural causes
and that the LTs resulted from predation, it is pos-
sible to differentiate both mortality causes. Scenario
1 represents the proportion of individuals that sur-
vived stress due to cold weather. Mortalities due to
cold weather are recognized as one of the most criti-
cal factors in the caiman populations of Santa Fe (Ar-
gentina). It is strongly associated with the small size
of the hatchlings during their first year of life (Larriera
and Imhof 2006). Scenario 1 shows weak survival for
2018 (38%), while all caimans in the study survived
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Figure 2. Box plot showing the median (black line inside each box), the 95% confidence interval (box width)
and the extreme values of each morphometric trait of the caiman (dotted line length): SVL (cm), Age (year)
and Body Mass (g). The points correspond to the values of each individual for each morphometric parameter
evaluated.

Table 2. Final status of the released animals and their transmitters

Site LT Dead (%) Live (%) BC (%)
1 5(83%)  1(17%)
2018 2 4(67T%) 2 (33%)
3 0(%) 6 (100%)
1 3(50%) 3(50%) 0 (0%)
2019 2 0 (0%) 5(83%) 1 (17%)
3 3(50%) 1(17%) 2 (33%)

Legend: Final status of the released animals and their transmitters, classified by site and by year. LT are the
lost transmitters, and BC those that stopped to broadcast.

in 2019. This fact suggests that increasing the SVL
by a few centimeters in a warmer year could decrease
the mortality rate even when individuals are released
in winter.

On the other hand, predation represents the other
primary source of mortality in 2018 and the only
source of mortality in 2019. Since predation in
crocodilians depends on the individual’s size, young
crocodiles are more vulnerable than those at other life
stages (Somaweera et al. 2013). In general, hatch-
lings can be predated by large vertebrates, such as
birds, mammals, fish, reptiles, and even some inver-
tebrates (Somaweera et al. 2013). In our study area,
herons, storks, foxes (Lycaloper gymnocercus), tegu
lizards (Salvator merianae), and caracara (Caracara
plancus) are possible predators of C. latirostris hatch-
lings (Larriera and Imhof 2006). However, it is not
clear whether any of these animals produced damage

on the transmitters.

Scenario 7 reports 0% survival for 2018 and 67%
for 2019. In 2018, the percentage of survivors re-
flect only the lower limit of natural variability. The
relatively small sampling size may have influenced
this result compared to the high number of individ-
uals this species produces in a relatively short pe-
riod. The R-selected reproductive strategy (Mag-
nusson 1984, Chapman and Reiss 1998), typical of
crocodilians from temperate climates (Larriera et al.
2004; Simoncini et al. 2009), is associated with high
predation mortality in early life stages (Somaweera et
al. 2013).

Also, if a population is small, a high hatchling
mortality rate may result from stochastic processes,
resembling the pattern of the entire small popula-
tion (i.e., small population paradigm; Caughley 1994).
For example, this process sometimes occurs in broad-
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Figure 3. Survival curve estimated by the Kaplan-Meier Analysis, for the eight scenarios. A continuous line
represents the probability of survival as a function of time. The respective confidence intervals are shown as
a grey area (light grey for 2018 and dark grey for 2019). The survival curves for 2018 are drawn in grey and

those for 2019 in black.

snouted caiman in Brazil (e.g., Verdade et al. 2002).
Therefore, when using small sample sizes, one cannot
completely rule out that observed mortality may be
entirely the result of a random event. However, based

on the number of animals released with transmitters
in this study, the survivorship rate of Scenario 7 was
lower than the minimum detectable by this work (less
than 5.5%; i.e., 1/18). The survival for the first year,
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according to these scenarios (5.5%, Scenario 7), is
consistent with the range obtained for animals within
their first year of life from other species, such as Gavi-
alis gangeticus in India, where survival ranges from
6.6 to 8.8% in the first year (Hussain 1999), or A.
mississippiensis in Florida (between 1.9 and 17.9%,
Mazzotti et al. 2009), and lower than that reported
for the latter species in other studies (in Florida: 10
to 25%, Temsiripong et al. 2006; or Lousiana 16.4%,
Carboneau 1987), or Crocodylus johnstoni in northern
Australia (17% first-year survival, Smith and Webb
1985).

In all the scenarios analyzed, the survivorship rate
was higher in 2019. Nevertheless, prevailing envi-
ronmental conditions may influence the difference we
detected between years. The highest survival rate
occurred during the warmest year when the size of
released animals was also larger. Consequently, our
data reflects a combination of the effect of these two
variables on survivorship. Furthermore, the difference
between years may also be attributed to the natural
variability in the offspring’s survivorship, despite our
effort to find the survival difference according to the
size of the released animals.

One of the assumptions underlying this work is
that the weight of the transmitters does not affect
survival. It is generally accepted that the weight of
the transmitter should not exceed 5% of the animal’s
body mass (O "Mara et al. 2014; White and Garrott
1990). In this study, the highest transmitter weight
to body mass ratio was 4.6%. A survey conducted
with iguana hatchlings (Iguana iguana; Knapp and
Abarca 2009) evaluated this assumption and found
that neither survival nor mobility was affected when
the weight ratio was as high as 7.5%. As the weight
of any object diminishes in the water, the equipment
would have a more negligible burden effect on these
aquatic animals than on terrestrial or flying ones.
Therefore, transmitter weight is unlikely to have af-
fected the survival estimates in this study.

One of the objectives of ranching programs that
reintroduce animals is to maintain natural popula-
tions by reintroducing individuals that are more likely
to survive the most critical life stages and reach sex-
ual maturity (Larriera and Imhof 2006; Viotto et al.
2020). Temsiripong et al. (2006) propose that rein-
troductions should be based on the objectives of use
or management. Based on the information reported in
this work, out of every 100 eggs, 2 individuals would
survive the first year (considering the 40% natural
hatching rate - Larriera and Pina 2000; Montini et al.
2006) -, and the 5.5% survival rate reported in this
work). Therefore, if the aim is to maintain the dy-
namics of the natural populations, at least 5% of the
eggs collected should be reintroduced (we chose 5% in-
stead of 2% considering a more parsimonious position
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to avoid estimation errors). On the other hand, if the
aim is to accelerate population growth, reintroduction
should be greater than 5%. Based on this, Proyecto
Yacaré in Santa Fe is accelerating population growth
(reintroducing 7.5% of the eggs harvested or 10% of
the hatched caimans, Siroski pers.com.).

Another important piece of information based on
our work that should be considered for caiman pop-
ulation management is that data from the 2019 field-
work indicates that caimans with a SVL of 17.5 cm
could survive the winter with a high survivorship rate
(0.67, Figure 2). This result suggests that it is pos-
sible to reintroduce individuals earlier with a reason-
able survivorship rate. Therefore, programs aiming
to preserve populations could reduce costs by reintro-
ducing caiman at the end of winter, not at the end of
spring. This way, animals should have reached a size
that reduces mortality, and although this is not the
best weather season, extremely cold days are virtu-
ally over. It is necessary to remember that husbandry
operations (including feedstuff and facilities) can be
expensive (Hutton and Webb 2002). If a management
program is not economically sustainable, it is unlikely
to last long.

Finally, these alternative methods should first be
tested experimentally, and if they are successful, their
implementation should be accompanied by a popu-
lation monitoring program. Additionally, we recom-
mend evaluating the suitability of candidate release
sites previously as the only site we chose at random
presented the highest number of deceased animals in
2018. In this sense, our experience indicates that a
good strategy may be to previously confirm the pres-
ence of small caimans at the candidate sites for re-
lease.

CONCLUSION

The winter survival rate of Caiman latirostris
hatchlings is likely to be affected by environmental
conditions and the size of the individual. Thus, rein-
troducing larger caimans in the wild during a warmer
winter seems more effective than releasing smaller
ones under lower environmental temperatures. This
study also provided the basis to reduce to 5% the
reintroduction of individuals carried out by the cur-
rent management program. It is possible to reintro-
duce caimans hatched in captivity to their natural
distribution area, in which they will present greater
probabilities of survival from the beginning of spring
onwards. Finally, it is desirable that individuals are
released in sites where wild-born hatchlings are ob-
served.
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