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1Facultad de Humanidades y Ciencias, Universidad Nacional del Litoral,
Ciudad Universitaria Paraje El Pozo, Santa Fe, Argentina.
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ABSTRACT Detecting multiple paternity in wild populations of the broad-snouted caiman
(Caiman latirostris) has important implications for conservation efforts. We have applied
microsatellite markers to examine genetic variation in C. latirostris and also have provided the
first data concerning detection of multiple paternity in wild populations of this species. Blood samples
from four nest-guarding C. latirostris females and their hatchlings were obtained from Santa Fe
Province, Argentina. Amplified products were analyzed by electrophoresis on 10% polyacrylamide
gels and visualized with silver staining. Four out of the eight markers tested reliably amplified and
yielded useful data. Using polyacrylamide gels with silver staining provides high enough resolution to
obtain individual genotypes. In order to assess the presence or absence of more than two parents in
each nest, we used the single locus MinimumMethod, and applied Cervus 3.0 and Gerud 2.0 software
in parentage analyses. Our results indicate more than one father in at least two families. This
behavior could be the consequence of high habitat variability in the area where our population was
sampled. The ability to understand mating systems is important for maintaining viable populations of
exploited taxa like C. latirostris. J. Exp. Zool. 309A:637–642, 2008. r 2008 Wiley-Liss, Inc.
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The broad-snouted caiman (Caiman latirostris)
is a crocodilian that is indigenous to Argentina,
Bolivia, Brazil, Paraguay and Uruguay. This
species is a member of the family Alligatoridae
and lives preferably in shallow aquatic
environments and vegetated marshes within
the Paraná river basin (Larriera, ’92). Since
1990, wild populations of C. latirostris in Santa
Fe province, Argentina have been managed by
Proyecto Yacaré (Min. Prod./MUPCN), a program
whose primary goal is the conservation of
habitat through developing sustainable use of the
broad-snouted caiman. In 1997, Argentinean
populations of this species were changed from
Appendix I to II of CITES. Populations of C.

latirostris have since increased, and regulated
trade has been allowed under a ranching system
(Larriera, ’98). Now, C. latirostris has become a
commercially relevant species at both national and
international levels.
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Recent population genetic studies of C. latiros-
tris from Brazil have included microsatellite
markers in their analyses (Verdade et al., 2002;
Villela, 2004). Microsatellites, which are short
tandem arrays of simple nuclear DNA sequences
(Tautz and Schlötterer, ’94), are often the mole-
cular marker of choice because they are highly
polymorphic and found abundantly throughout
the genome (Bruford and Wayne, ’93). Verdade
et al. (2002) used four microsatellite markers,
originally developed for Alligator mississippiensis,
in genetic variation analyses of C. latirostris
populations and found microgeographic variation.
More recently, Villela (2004) recorded high values
of genetic diversity and heterozygosity in C.
latirostris using microsatellite markers specifically
developed for this species (Zucoloto et al., 2002;
Zucoloto, 2003). These broad-snouted caiman
primers were also successfully applied to amplifi-
cation of DNA samples of Paleosuchus palpebro-
sus, C. crocodylus and C. yacare (Zucoloto et al.,
2006).
This study aims to utilize microsatellite markers

in order to understand the underlying genetic
diversity and mating structure of C. latirostris in
Santa Fe, Argentina, by following similar work
conducted on other crocodilian species. For exam-
ple, microsatellite markers have been applied in
past studies of genetic variability and population
structure of Crocodylus moreletii (Dever and
Densmore, 2001; Dever et al., 2002) and A.
mississippiensis (Glenn et al., ’98, 2002; Davis
et al., 2001a, 2002). Other authors have applied
microsatellites in parentage testing in Cr. porosus
(Isberg et al., 2004) and in analyses of mating
patterns in A. mississippiensis (Davis et al.,
2001b). Davis et al. (2001b) also inferred multiple
paternity, ‘‘the occurrence of offspring within a
single clutch being fathered by more than
one male,’’ in seven of 22 clutches of A. mis-
sissippiensis. Data on reproductive behavior of
C. latirostris are limited because mating occurs in
the water between groups of males and females
(which are not easily distinguishable) and unam-
biguous observations are not often possible (Lang,
’89). Thus, microsatellite markers may be useful
in helping to understand mating patterns of
C. latirostris. This work provides an alternative
methodology for working with microsatellites
that are specifically designed for genetic material
of the broad-snouted caiman. Multiple paternity
is a mating strategy that increases genetic varia-
bility; therefore, populations showing this should
be better adapted to selective pressures than

populations with single paternity (Sugg and
Chesser, ’94).

METHODS AND MATERIALS

Four nest-guarding C. latirostris females from
Santa Fe Province, Argentina, were captured,
measured and weighed. Blood samples of these
females were obtained by puncture of internal
jugular vein near the cervical vertebra (Tourn
et al., ’93) and diluted (1:10) in lysis buffer
(Longmire et al., ’88) for long-term storage at
room temperature according to White and Dens-
more (’92). Eggs from the nests were collected for
artificial incubation at 31.51C, with 95% relative
humidity, at Proyecto Yacaré facilities in Santa Fe
City. Five days after hatching, between 10 and 15
hatchlings were randomly collected from each
nest. One blood sample of 0.5 mL was obtained
from each hatchling using the same method used
for the adult females. DNA was isolated as
previously described by Murray and Thompson
(’80).
Eight microsatellite primers developed by Zuco-

loto et al. (2002) for C. latirostris were tested: Clam
2, Clam 5, Clam 6, Clam 7, Clam 8, Clam 9, Clam 10,
as well as Amim 20 developed for A. mississippien-
sis by Glenn et al. (’98) (Table 1). PCR conditions
were performed according to Zucoloto et al. (2002)
with modifications as follows: amplifications were
carried out in a final volume of 15 mL with 2! of
specific buffer from PCR Optimizer Kit of Invitro-
gen (Carlsbad, CA) (except using Amim 20), 1.2mL
of each primer (0.1 nM/mL), 0.6mL dNTP mix
(200 mM), 0.06 mL Taq DNA polymerase (5U/mL)
from Promega (Madison, WI) and 50ng of genomic
DNA. All the buffers from the PCR optimizer kit
(Invitrogen) were tested in the amplification of
Clam primers. PCR reactions using primer Amim
20 were performed with PCR standard buffer from
Promega (Table 1). A negative control containing
all reagents except genomic DNA was included in
each set of reactions.
PCR reactions were performed in a PTC-100

thermal cycler (MJ Research, Watertown, MA).
Amplifications were performed using several an-
nealing temperatures between 55 and 651C and
three different cycling programs (Table 2). Suc-
cessful amplification was confirmed by separation
on 2% agarose gels in TBE 0.5! buffer (0.89M
Tris, 0.89M boric acid and 0.11M EDTA, pH 8.3).
Gels were stained with ethidium bromide and
analyzed under UV light. We assumed amplifica-
tion was successful when we obtained bands with

AMAVET ET AL.638

J. Exp. Zool.



estimated molecular weights within the range
established by Zucoloto et al. (2006). Products
were analyzed by electrophoresis on 10% poly-
acrylamide gels at 2,200V and 75W and stained
with AgNO3 solution (Bassam et al., ’91). Mole-
cular weights in base pairs (bp) were estimated
using a 100 bp ladder. We also used CTT Allelic
Ladder Mix, FFv Allelic Ladder Mix and STR III
Allelic Ladder Mix (Gene Print Silver STR III
System) from Promega, as other methods for
estimating molecular weight.
Allele counts and genotype were used to test for

the presence or absence of more than two parents
in each nest (single locus Minimum Method). This
method assigns multiple paternity within a clutch,
assuming that all alleles not accounted for by the
maternal genotype were contributed by ‘‘fathers’’

(Myers and Zamudio, 2004). We assumed multiple
paternity when the maternal genotype could be
reconstructed and three or more additional alleles
were present in the clutch. Data analyses were
carried out using Cervus 3.0 (Marshall et al., ’98)
and Gerud 2.0 (Jones, 2005). Cervus 3.0 is a
program that examines genetic data from co-
dominant genetic markers and performs parentage
analyses. Parentage tests (paternity) were per-
formed in two steps, first using all individuals
together, and then again as family groups (one
female with at least ten hatchlings). Gerud 2.0 is a
program that reconstructs parental genotypes from
half-sib progeny arrays with known or unknown
parents. Using each family genotype group and
allelic frequencies, we performed a determination
of compatible mothers and then tested all possible
paternal genotypes to see which minimum combi-
nation of fathers can best explain the data set. We
calculated relative probabilities based on allele
frequencies and Mendelian segregation.

RESULTS

All females and hatchlings were successfully
genotyped using four out of the eight microsatel-
lite markers: Clam 2, Clam 6, Clam 9 and Clam 10.
The other four primers amplified nonspecific
bands that complicated the analysis on gels, and
therefore were not included in subsequent ana-
lyses. Amplified products from each primer set
showed four alleles each, varying in size from
139 bp (Clam 9) to 220 bp (Clam 10). Detected
alleles were as follows: Locus Clam 2: 204, 206, 210
and 214; Locus Clam 6: 159, 161, 163 and 165;

TABLE 1. Tested primers: sequences and optimal buffers

Primer 50–30 sequence Optimal buffer

Clam 2a CCT TCA GGA CCC ACT TTC TT A (7.5mM MgCl2, pH 8.5)
Clam 2b CGA ATC CCT CTT CCC AAA CT
Clam 5a GCG TAG ACA GAT GCA TGG AA F (10mM MgCl2, pH 9.0)
Clam 5b CAG TCT GAA GCT AGG GCA AA
Clam 6a GAA ATA TGG GAC AGG GAG GA J (10mM MgCl2, pH 9.5)
Clam 6b GGT TGG CTG CAT GTG TAT GT
Clam 7a CGG GGT CTT GGT GTT GAC TA F (10mM MgCl2, pH 9.0)
Clam 7b CGG GAC CAG GAG CTG TAT AA
Clam 8a CAG CCA CTG AAG GAA TTG AC F (10mM MgCl2, pH 9.0)
Clam 8b CAC ATA CCT GAC CCA GCT TAT C
Clam 9a ACA GGG GAA AAG AAG AGC TG A (7.5mM MgCl2, pH 8.5)
Clam 9b AAA ATC CCC CAC TCT TAC CC
Clam 10a TGG TCT TCT CTT CGT GTC CT A (7.5mM MgCl2, pH 8.5)
Clam 10b ATG AGC CCC TCT ATG TTC CT
Amim20a TTT TTC TTC TTT CTC CAT TCT A Standard (2.5mM MgCl2, pH 8.3)
Amim20b GAT CCA GGA AGC TTA AAT ACA T

TABLE 2. Best PCR conditions evaluated for each micro-
satellite

Microsatellites Step 1 Step 2
Final

extension

Clam 5, Clam 9
and Clam 10

15 cycles 20 cycles (7min)
721C(1min) 941C (1min) 941C

(1min) 641C (1min) 601C
(1min) 721C (0.45min)

721C
Clam 2, Clam 6
and Clam 7

35 cycles (7min)
721C(1min) 941C

(1min) 601C
(1min) 721C

Clam 8 and
Amim 20

35 cycles (7min)
721C(1min) 941C

(1min) 571C
(1min) 721C
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Locus Clam 9: 139, 164, 166 and 168; Locus Clam
10: 214, 216, 218 and 220.
Applying the Minimum Method we found multi-

ple paternity in two of the four analyzed families
(families 1 and 4). Using Cervus 3.0 for the first
parentage analysis we considered only offspring
and candidate mother genotypes (the female
guarding the nest), and found that all families
were successfully assigned to the candidate
mother. Only six (12.3%) of the 49 offspring tested
were excluded from the analysis because they were
typed at fewer than four loci. There were three
inconsistent genotypes among known mother–off-
spring pairs, all of which occurred in locus Clam 2
of family 2, which we attribute to misinterpreta-
tion of the obtained bands. The parentage analysis
was initially carried out using one simulated
father in each particular family; the results
showed an average observed assignment rate of
86% at both 80 and 95% confidence levels. Then,
using two simulated candidate fathers, the ob-
served average assignment rate increased to 93%,
at both 80 and 95% confidence levels (Table 3). In
three of the four analyzed families (families 1, 2
and 4), the observed assignment rate was higher
considering two candidate fathers at 95% con-
fidence level. Utilizing Gerud 2.0 we found that in
three of the four analyzed families the candidate
mother was determinated to be the most likely
mother for all offspring. We determined that in
family 2 there appeared to be more than one
compatible mother, which corresponded to the

inconsistency found using Cervus 3.0. In one
family the clutch had an assignment minimum of
two fathers (family 1). In the families 3 and 4,
the clutch had an assignment minimum of one
father and yielded a total of two minimum-father
solutions.

DISCUSSION

Microsatellites were applied for the first time in
C. latirostris samples collected from Santa Fe,
Argentina. Genotypes were successfully detected
using the silver-stained polyacrylamide gel meth-
od. This shows that the common, but more
expensive fluorophore-based primer labeling
method with genotyping performed on a sequen-
cer can be substituted by less costly assays. Most
of the alleles obtained corresponded to the
established range of molecular weights in
C. latirostris found by Zucoloto et al. (2006).
According to paternity analyses, more than one

father was detected in at least two C. latirostris
nests. The Minimum Method does not account for
multiple paternity by males with similar geno-
types (Myers and Zamudio, 2004); therefore, using
this method we found evidence of more than one
father in two of four nests. Multiple paternity was
detected in three nests at both confidence levels
(80 and 95%) when applying parentage tests using
Cervus 3.0. This is owing to a higher observed
assignment rate when considering two candidate
fathers as opposed to only one father. When using

TABLE 3. Observed and expected assignment rates in each family using Cervus 3.0

Candidate fathers 1 2

Level
Assignment rate

observed (expected)
Assignment rate

observed (expected)

Family 1 Strict 21% (64%) 36% (66%)
Relaxed 71% (87%) 86% (87%)

Unassigned 29% (13%) 14% (13%)
Total 100% (100%) 100% (100%)

Family 2 Strict 50% (58%) 60% (61%)
Relaxed 80% (86%) 90% (85%)

Unassigned 20% (14%) 10% (14%)
Total 100% (100%) 100% (100%)

Family 3 Strict 0% (32%) 0% (31%)
Relaxed 67% (74%) 78% (77%)

Unassigned 33% (26%) 22% (23%)
Total 100% (100%) 100% (100%)

Family 4 Strict 30% (71%) 50% (71%)
Relaxed 50% (92%) 80% (92%)

Unassigned 50% (8%) 20% (8%)
Total 100% (100%) 100% (100%)
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Gerud 2.0 we found that one family had a
minimum of two fathers and two other families
showed a high probability of having only two
fathers. The obtained results using these different
programs were not perfectly consistent, probably
because Gerud uses a strict minimum criterion for
which it produces a very conservative result,
whereas Cervus produces the most likely result
(Jones and Ardren, 2003).
Although our sample size is smaller, we were

able to detect a higher level of multiple paternity
in C. latirostris than previously reported by Davis
et al. (2001b) for the American alligator. This
phenomenon could be the result of a greater
variability in environmental conditions, including
frequent flooding and droughts affecting the
population in our study area. Changes in habitat
and climate are known to increase variability
(Nevo, 2001), and it may be that multiple
paternity is correlated to an increase in environ-
mental variability. In order to have greater
confidence in the occurrence of multiple paternity,
it would be prudent to sample all males (poten-
tially candidate fathers) found within the vicinity
of the nests and to try to establish which of these
possible fathers had a higher genetic contribution
to the clutch. Additionally, further investigations
conducted on C. latirostris will include expanding
the number of families and the number of loci
used in these analyses to verify the high level of
multiple paternity found in our study.
Loss of genetic diversity has been associated

with an increase in vulnerability to population
depletion and also a higher extinction risk (Lande
and Shannon, ’96; Frankham, 2005). This is
applicable to other crocodilian species, because of
population reductions owing to overexploitation in
the 1950s and 1960s (Thorbjarnarson, ’99), and
the concomitant decreases in genetic variability
that typically follow such reductions. The use of
multiple paternity as a mating strategy contri-
butes to greater genetic variability as a population
is recovering, as we assume there is also an
increase in effective population size (Sugg and
Chesser, ’94). Maintaining sufficient genetic varia-
bility within wild populations helps to increase the
ability of populations to respond to selective
pressures and adapt to changing environmental
conditions (Frankham, 2005). It is clear that
understanding mating systems is important in
maintaining viable populations of exploited taxa
like C. latirostris. This knowledge will in turn help
to indicate the proportion of males and females
needed for reintroduction into the wild in order to

maximize effective population size. Further stu-
dies on mating systems employing both a genetic
and behavioral framework are now needed in
order to better understand the reproductive
biology of C. latirostris.
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