The Tárcoles River, in the Central Paciﬁc coast presents the
higher relative abundance in Costa Rica, motivated possibly
by its proximity with the National Park CARARA, and for
the incidence of a wide and awkward tourist activity that
deals with staying awake and feeding to the crocodiles
in the river. A relatively pristine area as the Sirena and
Corcovado Rivers, in the Corcovado National Park, as well
as the Matina, Pacuare and Sucio Rivers, in the Caribbean
and North areas respectively, present values of low relative
abundance (Bolaños, unpubl.), although the habitat
conditions are ideal for occurring of a crocodiles population
in accordance with the brought for the bibliographical
references (Thorbjärnarson 1989).

Table 7. Relative crocodile abundance in several rivers of
Costa Rica. *Porras-M (2004).
2004

2005

2007

2009

2.9

2.3
1.3
-

9.5
2.07
-

Tarcoles
9.22 *
Terraba
Sirena
1.42
Corcovado
0.83
Matina
Pacuare
Sucio-Sarapiqui
-

Interestingly, the relative abundance in Tempisque practically has been quadrupled in a period of 18 years, with a valuation
average of growth of 3.59 for the period between 1993 and 2009; the same area in which the urban and agricultural
pressure increased during this time span, accompanied by the development of the road network and its consequent habitat
fragmentation in the upper and low basins of the river (Cabrera 2007).
In conditions like the existing one, to attend such an important development of
the resident population, where the migratory effects are practically despicable
due to the relative isolation of the area as regards to the populations of the
Central Paciﬁc coast and of the external area of the Nicoya Peninsula (PorrasM 2004), and where it has not been possible to determine for the route of
the analysis of the variables of climate any signiﬁcantly detrimental change,
must be thought about the existence of some important exogenous factor that
should have affected positively in the growth of this population of crocodiles,
promoting the environment load capacity to provide sustain for this induced
growing population. This still not investigated evidence, but observed in the
different courses of water of the Lower Basin and Area of Marshes of the
TGW, points according to ﬁeld observations, towards an artiﬁcial increase in
the natural offer of food, with the constant organisms escape from the ponds
of culture of the aquaculture companies established in Cañas and Bagaces,
with direct access to the main rivers of the basin, as the propitiator of an
artiﬁcially supported growth of the crocodiles population. This observation
has not been scientiﬁcally evaluated, and constitutes a truth which dimension
has yet to be established.
The sex rate found is distant by much from the brought one for Joanen and
McNease (1980) as the ideal for a healthy population of crocodilians of 1:2
male:female. A sex ratio like the one found in this study, bears witness to
the existence of a males’ overpopulation that becomes problematic at the
moment of initiating the courtship and mating season; the advent of more
ﬁghts for the possession of the suitable places for mating and for the females
in the river, result in more disabled and rejected reproductive crocodiles of
the places of courtship; more crocodiles in search of refuge, strolling around
for the wetland in search for a provisional place of refuge and feeding. With
an increasing population like that of the TGW, it would mean also the sudden
appearance of individuals of big sizes in places in what earlier they had not
been sighted; more crocodiles with their high hormonal load, and in places
that are not its territory; there would be more crocodiles annoying and scared
with major readiness to defend themselves or to attack at all times. This has
happened every time and more frequently during the last years. It is important
to highlight that frequent crocodiles denunciations exist in invasion to places
next to the people’s houses, and also they are protagonists in the denounces
about domestic animals attacked by crocodiles. Individuals with 3 or more
meters of entire size, which is the size that has turned out to be consistently
involved in accidents with human beings as it is possible to see in Table 8,
they constitute 24% of the entire population.
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Table 8. Some documented crocodile
attacks on humans in Costa Rica.
Date
3 Sep 1995
8 Apr 1997
1 May 1998
6 May 1999
16 Jun 2002
11 Apr 2005
8 Apr 2007
5 May 2007
3 Mar 2008
3 Apr 2008
11 May 2010
17 May 2010
Apr 1996
Sep 2002
Sep 2002
7 Mar 2006
19 Sep 2006
19 Sep 2006
22 Feb 2007
6 Mar 2007
30 Mar 2007
22 Jan 2008
19 Sep 2008
17 Jan 2009
5 Feb 2010
11 May 2010
19 Apr 2011

Size (m)

Sex

Fatal
4.5
M
5
M
3
F
Various crocodiles
3
4
M
6
M
6
M
3
F
4
3.5
F
4
M
Non-Fatal
3
3.5
3
3
2.5
3
4
3
4
2.5
3
3.5
4.5
3.5
4.5

M
M
M
M
M
M
M
M
M
M
M

Casas and Méndez (1992) surmise a sex rate of 1:1 M:F for their study in the Cuitzmala River, in Jalisco, Mexico; waiting
for a behavior similar to the exhibited one by the species in the state of Florida, and reported like that by Kushlan and
Mazzotti (1989). Cedeño-V. et al. (2006) found a similar relation of sexes of 1:1, so much for C. moreletii as for C. acutus
in its study in the state of Quintana Roo, in Mexico. Porras-M (2004), informs a sex rate of 1:1 in three rivers of the
Costa Rican Central Paciﬁc coast. Sánchez (2001) speculates about the existence of 114 females and 38 males in the area
corresponding to the navigable river bed of the Tempisque River, for what according to its criterion it would be a relation
of sexes of 1:3 M:F, such as which Joanen and McNease (1980) suggest it for a healthy crocodilids population. In the
estuary La Ventanilla, in Oaxaca, Mexico, García-Grajales et al. (2007) reported a sex rate of 3:1 M:F, similar to the one
found in this study, and also deserving a deeper analysis.
Additionally, the sex rate found in this study, reﬂects what is already apparent in the distribution of sizes reported for this
population over the course of time, where the number of smaller sizes crocodiles exhibited an important increase during
the ﬁrst half of the period of studies, but then it established and maintained for the second half; while on the other hand,
the reproductive class showed an important increase along the whole period (Table 9), this might be demonstrating the fact
that the increasing numbers of the two upper classes of the structure of sizes of the population, is sustained mostly in the
increase of the males quantity over that of females, with the consequence then, that the nests of every year are being laid
by a relatively constant stock of reproductive females, and then, the increase in the lower classes of the scale has stagnated,
which is observed relatively constantly during the second part of the period.
Thorbjärnarson (1997) analyzes an important slant phenomenon in favor of the females in the different reports of sex rates
for studies realized in crocodilids. It indicates that in general terms there should to be a tendency to which slant is brought
in favor of females in case of crocodiles, as in the species C. niloticus, C. novaguineae and C. porosus. Thorbjärnarson
(1997) points out that the skew sampling affects straight in the determination of precise reasons of sex, and establishes
three potential error sources in the achievement of the samplings, distinguishing mortality in both sexes, separated habitat
selection for each sex, and lacking in skill to determine the sex of the juvenile individuals. I would aim even at one more
source of slant, which would be related straight on one hand to the capacity or the determination of the investigator to gain
access to the most difﬁcult spaces where it is known that there are crocodiles, and on the other hand with the decision to
really capture the animals who are in conditions of difﬁcult apprehension or who infuse sufﬁcient fear as to discourage
its potential captor.
In case that distinguishing mortality exists, which has not been studied in C. acutus, the current condition of the population
of crocodiles of the TGW would be even the same one found during this study, and needs in this moment to establish
correctional policies to return to the normality, in whose case should carry out as soon as possible a study that specially
determines the occurrence of this phenomenon to establish correctional policies by size class, if it is possible to do such a
thing, of course in its sizes of hatchling and recruit. As regards the second one and third slant sources, bearing in mind these
remarks, I chose the apprehension environment of individuals carefully to prepare the possible environment preference
on the part of both sexes; it was also decided not to sex crocodiles from the two lower size classes. I tried to be especially
careful of not falling down in any of the possible causes of slant discussed.
Conclusions
The observed growth of the population of crocodiles in the TGW to have almost quadrupled in the space of 18 years; in
conditions that normally would aim towards the decrease of its numbers as a result of the urban pressure on the wild areas,
the expansion of the agricultural border, and of the more important human use of the water courses; induces to think that in
this moment there should exist in the wild, a population that goes too far the normal possibilities of support of the wetland,
not to be for the existence of a hypothetical exogenous factor, which artiﬁtially propitiates this particular fact.
Considering the impact of the populations of crocodiles on the human populations and human activities, joined the existing
growth in the population of crocodiles of the TGW, it turns out to be pertinent to design and to deal with politics of control
that trend to diminish the number of crocodiles in the TGW, in the best interest of conservation of the species, and of the
safety of the settlers of the region. Considering the skewed sex rate, it turns out to be logical to think that it would proceed
the selective removal of males from their respective niches and in a proportional way to the individuals quantity for sub
area, up to ﬁnding a more balanced sexes rate.
As an element intimately tied to the problem of quantities of crocodiles in the area, and of conﬂict between crocodiles and
human beings, the atypical sex rate must be analyzed in a closer context, to determine the associated factors to this malady,
and to propose solutions that return the indicator up to more normal values in wild populations.
It is necessary to determine the magnitude of the effect of the aquaculture farms on the load capacity of the wetland in which
they are operating, across the organisms escape from their cultivation ponds; as well as the importance of implementing
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the possibility of exercising effective control on this escape, with the interest to induce in an immediate way a better
balance in the populations of crocodiles and of other species in the ecosystem of the TGW, independently that this factor
inﬂuences or not the condition of the population of local crocodiles. The real load capacity of the TGW as for crocodiles
refers, it will be possible of determining once successfully gotten this balance.
Acknowledgements
Alberto Alvarado Núñez and Blas González Cruz, who actively and disinterestedly collaborated during the phase of
gathering information for the achievement of this study.
Literature Cited
Allsteadt. J. and Lang, J. (1995). Sexual dimorphism in the genital morphology of young American alligators, Alligator
mississippiensis. Herpetológica 51: 314-325.
Alvarado, J., Jiménez, J., González, E., Pizarro, F. and Jiménez, A. (2008). Determinación preliminar del caudal ambiental
en el río Tempisque, Costa Rica: el enfoque hidrológico con limitación de datos. Kurú: Rev. forestal, 5 (13). Recuperado
en setiembre 11, 2010 disponible en http://www.tec.cr/sitios/Docencia/forestal/Revista_Kuru/anteriores/anterior13/
pdf/articulo%201.pdf.
Barahona-B, S.L. and Bonilla-C, O. P. (1999). Evaluación del status poblacional del caimán llanero (Crocodylus intermedius
Graves, 1819) en un subareal de distribución en el Departamento de Arauca (Colombia). Rev. Acad. Colomb. Cienc.,
23: 445-451.
Bolaños, J.R., Sánchez, J. and Piedra, L. (1997). Inventario y estructura poblacional de crocodílidos en tres zonas de Costa
Rica. Rev. Biol. Trop. 45(1): 283-287.
Cabrera, R. (2007). Tierra y ganadería en Guanacaste. Vida y trabajo de Virgilio Angulo Reyes/Roberto Cabrera Padilla.
Cartago, Costa Rica: Editorial Tecnológica de Costa Rica.
Casas-A, G. and Méndez-DC F. R. (1992). Observaciones sobre la ecología de Crocodylus acutus en el río Cuitzmala,
Jalisco. México. Rev. Soc. Mex. Hist. Nat. 43: 71-80.
Cedeño-V. J.R., Ross, J. P. and Calmé, S. (2006). Population status and distribution of Crocodylus acutus and C. moreletii
in southeasthern Quintana Roo, México. Herpetological Nat. Hist. 10(1): 17-30.
García-Grajales J., Aguirre-León, G. and Contreras-Hernández, A. (2007). Tamaño y estructura poblacional de Crocodylus
acutus (Cuvier 1897) (Reptilia:Crocodylidae) en el estero La Ventanilla, Oaxaca, México. Acta Zool. Mexican 23(1):
53-71.
Instituto Meteorológico Nacional. (2010). Atlas Climatológico de Costa Rica. Recuperado setiembre 11, 2010 disponible
en http://www.imn.ac.cr/educacion/atlas/manual_atlas.pdf.
Joanen, T. and McNease, L. (1980). Reproductive biology of the American alligator in southwest Louisiana. Pp. 153-9 in
Reproductive Biology and Disease of Captive Reptiles, ed. by J.B. Murphy and J.T. Collins. Society for the Study of
Amphibians and Reptiles: Laurence, Kansas.
King, F.W., Espinal, M. and Cerrato, C.A. (1990). Distribution and status of the crocodilians of Honduras. Pp. 313-354 in
Crocodiles. Proceedings of the IUCN-SSC Crocodile Specialist Group. IUCN: Gland, Switzerland.
Kushlan, J.A. and Mazzotti, F.J. (1989). Population biology of the American crocodile. Journal of Herpetology. (23): 721.
Lara, O.F. (1990). Estimación del tamaño y estructura de la población de Crocodylus moreletii Duméril & Duméril
(Crocodilidae - Reptilia), en los lagos Peten-Itza, Sal-Peten, Petenchel y yaxha, El Petén, Guatemala. Tesis de Maestría
no publicada, Programa Regional en Manejo de Vida Silvestre para Mesoamérica y el Caribe, Universidad Nacional,
Costa Rica.

177

Peters, G. (2001). La cuenca del Tempisque: una perspectiva histórica. Pp. 1-21 en La cuenca del río Tempisque: perspectivas
para un manejo integrado, ed. por Jiménez J. y E. González. OET. 150 p. Recuperado en enero 14, 2011 disponible en
www.wetlands.org/reports/SiteReports/CostaRica/6CR001/6CR001_ManPlansp.pdf.
Piedra, L. (2000). Población de cocodrilos (Crocodylus acutus) en tres ríos del Pacíﬁco Central de Costa Rica. Tesis para
optar al grado de Licenciatura en Biología Marina con énfasis en acuacultura, no publicada, Universidad Nacional,
Costa Rica.
Porras-M, L.P. (2004). Abundancia relativa y estructura poblacional del cocodrilo americano (Crocodylus acutus) en tres
ríos del Pacíﬁco Central de Costa Rica. Tesis de Maestría no publicada, Programa Regional en Manejo de Vida Silvestre
para Mesoamérica y el Caribe, Universidad Nacional, Costa Rica.
Rainwater, T.R. and Platt, S.G. (2009). Possible decline of an American crocodile (Crocodylus acutus) population on
Turneffe Atoll, Belize. Herpetological Bull. 107: 3-11.
Sánchez, J., Bolaños, J. and Piedra, L. (1996). Población de Crocodylus acutus (Crocodylia: Crocodylidae) en dos ríos de
Costa Rica. Rev. Biol. Trop. 44(2): 835-840.
Sánchez, J. (2001). Estado de la población de cocodrilos (Crocodylus acutus) en el río Tempisque, Guanacaste, Costa Rica.
Informe ﬁnal presentado a Área de Conservación Tempisque (ACG) e Instituto Nacional de Biodiversidad (InBio). 49
p. Recuperado enero 26, 2011 disponible en http://www.inbio.ac.cr/es/estudios/PDF/informe_Cocodrilos.pdf
Sasa, M. and Chaves, G. (1992). Tamaño, estructura y distribución de una población de Crocodylus acutus (Crocodylia:
Crocodilidae). Rev. Biol. Trop. 40: 131-134.
Thorbjärnarson J. (1989). Ecology of the American crocodile, Crocodylus acutus. Pp. 228-259 in Crocodiles. Their Ecology,
Management and Conservation. IUCN: Gland, Switzerland.
Thorbjärnarson J. (1997). Are crocodilian sex ratios female biased? The data are equivocal. Copeia 1997(2): 451-455.

178

Conservation of Crocodylus acutus by Local Communities in the Mangroves
of Cispata Bay, Cordoba, Colombia, South America
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Estación CIMACI-CVS, Vereda Amaya, San Antero, Córdoba, Colombia
(croco_mangle@hotmail.com, clsierra@hotmail.com)
Abstract
Over the last 8 years, a group of 18 former crocodile hunters, known as “caimaneros” at Cispatá Bay, Colombia have turned
conservationists, joining a project to save the critically endangered American crocodile (Crocodylus acutus). The project
includes recovery programs, population monitoring, biological studies on sustainable use, education and communication
and it was created a capacity-building program since 2004, in order to promote local livelihoods and give the reptiles a
ﬁghting chance. Crocodile eggs are hatched in incubators and reared until they are large enough to release into the wild.
As the project is based on sustainable use of the population it will need ongoing monitoring and research that will help
form a sound management plan. The project is supported by the Environmental Regional Authority CVS and is part of the
integrated management plan for local mangroves on which many people depend for livelihoods.

Preliminary Management Plan for the Conservation of Populations of Caiman Aguja
(Crocodylus acutus, Cuvier 1807) at Sardinata, San Miguel, New President and Tibu Rivers,
Norte de Santander, Colombia
Giovanni Andrés Ulloa Delgado and Juan M. Peláez Montes
croco_mangle@hotmial.com; juanmanuelpelaez@gmail.com
It was discovered and scientiﬁcally documented the population of crocodiles or “caiman aguja or caiman of Magdalena”
(Crocodylus acutus) most important of Colombia, for its abundance and because population structure corresponds to an
acceptable condition of conservation. In the 132 studied kilometres of Sardinata, San Miguel, new President and Tibú
Rivers, the census showed 196 established crocodiles with total density of 1.48 crocodiles per km at Sardinata River basin,
and an estimate of several thousands of animals. Also the research concluded that deforestation in gallery forest formations
was identiﬁed as the most signiﬁcant alteration of the ecological context in the four rivers, with direct inﬂuence on the
habitat of the crocodiles. In addition to the own research results, the study allowed to structure a line of continuity spanning
all possible strategies, which are touted at the global level, to ensure the conservation of biodiversity and in the case of
crocodiles in Sardinata River basin. Today we know where are and how are the populations of crocodiles for much of the
Sardinata River basin. Also know wthat it should be done for immediate conservation: Research, Education, Community
Participation and Declaration of Protected Areas; these are some of the main strategies proposed in the preliminary plan.
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Monitoring Program for Morelet’s Crocodile (Crocodylus moreletii) Mexico-Belize-Guatemala
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(hbenitez@conabio.gob.mx; ac-cites@conabio.gob.mx)
Abstract
Since 2009, CONABIO coordinates Morelet’s Crocodile Monitoring Program in Mexico, looking towards a trinational
scope (Mexico-Guatamala-Belize) and aiming to provide periodic information on a long term basis on conditions and
trends of the main wild populations and habitat of Crocodylus moreletii. It included two phases: 1. Design: a Trinational
Workshop (Mexico City, January, 2010) was held with experts and authorities of the three countries and members of
CSG-IUCN, reaching agreement on methods, periodicity, populations to be surveyed, coordination and equipment needs,
and mechanisms to systematize and analyze information. Such agreements where compiled on a Procedures Manual for
training and ﬁeld work, published in June 2011 (http://www.conabio.gob.mx/institucion/cooperacion_internacional/doctos/
manualf_monitoreo_cocodrilo.pdf). 2. Implementation: agreements were signed between CONABIO and four institutions for
establishment and training of ﬁeld teams, surveys and systematization of ﬁeld data. CONABIO administrate the Database,
which is accessible via internet to data providers. Field work initiated on 2011 and information is already available at the
Database. On 8-9 March 2012 another Workshop was held in Mexico City on Evaluation of Results for Season 2011 to
analyze results, share lessons learned, identify opportunities, and plan for 2012 season. Final monitoring sites and some
changes to the database, ﬁeld formats and methods were agreed.

Criteria and Basis for Implementing a Management System of Brazilian Amazonian Caimans
Robinson Botero-Arias1 and Boris Marioni2
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Sustainable Development, Estrada do Bexiga, no 2584, Bairro Fonte Boa, CEP
69470-000, Tefé/AM, Brazil (robin@mamiraua.org.br)
2
Amazonian Crocodilians Conservation Program, Piagaçu Institute, Rua UZ n°8 Cj
Morada do Sol, 6900-000, Manaus-AM, Brazil (bmarioni@mac.com)
Abstract

Records of large populations of black caiman in the Brazilian Amazon and a legal and political environment led to
the development of a proposal for caiman management in Protected Areas. Since 2004, Amazonas State Government,
Brazil, developed an experimental caiman extraction the in Mamirauá Reserve. The implementation of this management
experienced technical failure, primarily due to the inappropriate use of models developed and applied in other regions and
with other caiman species. Moreover, legislation and health regulations are not suitable to local reality. Since 2008, we
intensiﬁed the studies to develop technical and scientiﬁc criteria to support a community-based sustainable management
system of Amazonian caimans. These criteria are based mainly on the identiﬁcation of nesting areas and potential areas for
extraction, as well as exclusion criteria associated with the size and sex of caimans to be captured. Some of these criteria
were included in the state law that, since 2011, regulates caiman management in Amazonas. In addition to these technical
and scientiﬁc basis, the the Caiman Research Program of Mamirauá Institute and of Piagaçu Institute are developing the
basis for strengthening the community-based system. This system stands on the participative zoning of potential management
areas, community organization and monitoring of caiman populations.
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Update on Population Monitoring of C. porosus and C. novaeguineae in
Middle-Upper Sepik River Region of Papua New Guinea, 1981-2012
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Abstract

The objective of this report is to present nest count survey results of both species since inception of surveys and highlight
key issues including recommendations for the CITES Management Authority for consideration in managing the resource.
The surveys are conducted by straight transecting through survey sites in a systematic fashion and nesting trends examined
for dufferent survey periods. The results of nesting effort for both species indicate increasing trends for both species.
For C. porosus, regardless of which nesting indices (12, 27 and 41 sites) are used, the results showed increasing trends,
similar to the trends for C. novaeguineae for 3 nesting indices (21, 36 and 49 sites). An issue of particular interest is habitat
degradation particularly due to two exotic ﬁsh species, Puntius goniontus and Pacu piarcatus, introduced in 2004 by FAO
as part of its food security program. It is evident that nesting efforts will continue to be a challenge from the ﬁsh species
for the future monitoring program with further habitat degradation which will require interventions with both capacity,
technical and ﬁnancial assistance.
Introduction
The Middle-Upper Sepik River is home to two species of crocodiles identiﬁed as having signiﬁcant cultural heritage
and importantly the economic value for its skin to local communities that live along this river system. Majority of local
communities have no other means of income and the use of crocodiles for skins, meat and eggs harvested through the egg
harvest program conducted by industry increases its value and make it a valuable natural resource in this region.
The surveys for Crocodylus porosus and C. novaeguineae commenced in the Middle-Upper Sepik River in 1982 and 1981
respectively. Papua New Guinea is a Party to CITES and is required to ensure that its obligations are fulﬁlled through the
continuation of the annual surveys and reporting program. However, since the program commenced, surveys have been
inconsistent over the years due to funding limitations including capacity constraints within the Department of Environment
and Conservation (DEC). Despite these difﬁculties, DEC is working in coordination with Industry has continued to maintain
this important program.
The efforts from Government, Industry, NGOs and CBOs have all played a signiﬁcant role in sustaining this program
particularly in environmental management, biodiversity conservation, introduced exotic species and wetlands awareness.
WWF has assisted DEC in partially funding surveys in the past and has maintained a strong presence in this area for
some of its programs. A more recent intervention by a local CBO, the Sepik Wetlands Management Initiative (SWMI), an
initiative of late Jack Cox with efforts in creating awareness on preservation and management of crocodile nesting habitat
in supporting Government efforts is greatly appreciated by the local communities.
Methodology
The survey methodology is described in detail in previous reports (Solmu 2011) with the 41 Primary, Secondary and
Tertiary sites for the C. porosus and 49 sites for C.novaeguineae covering a distance of 80 km along the Middle-Upper
Sepik River. Using a Bell Long Ranger helicopter, survey sites are traversed in a systematic fashion to ensure consistency
with previous years. In survey areas where ﬂooding or burning is apparent and accompanied by ﬂimsy vegetation as well
as areas degraded by exotic ﬁsh species, adjustments were made to traverse sites. The principle spotter is the main spotter
of nests and conﬁrmation with the navigator is made prior to recording nests. Additional information on survey variables
such as habitat condition including ﬂooding, burning and extent of damage caused by exotic ﬁsh are also noted. In instances,
where a backup spotter is required, sites are traversed in a manner using both spotters.
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Results
Crocodylus novaeguineae
The analysis of 21 nesting sites for C. novaeguineae surveyed since 1981 allowed some broad trends within three different
periods to be identiﬁed (Fig. 1).
1. Between 1981 and 1988 nest numbers were stable over time (r2= 0.005, p= 0.88; N= 7), with a mean of 91.4 nests per
year (SD= 16.08, N= 7, range 73 to 107).
2. Nest numbers decreased signiﬁcantly between 1988 and 1993 (r2= 0.89, p= 0.005, N= 6), from 103 nests in 1988 to
72 nests in 1992 to 1993.
3. Between 1993 and 1999 nests numbers increased signiﬁcantly over time (r2= 0.54, p= 0.037, N= 8), but a more
signiﬁcant increase has occurred since 1999 (see Fig. 2).

Figure 1. Numbers of C. novaeguineae nests recorded at 21 nesting sites, 1981-2011.
With the 21 primary sites, we further examined two other subsets of C. novaeguineae data (21, 36 and 49 sites respectively)
over the 1992-2011 period. Data indicate that the increasing trends in nesting are signiﬁcant (r2= 0.59, p= 0.016; r2= 0.61,
p= 0.013; r2= 0.56, p= 0.021; for 21, 36 and 49 sites respectively; Fig. 2). Mean annual rates of increase were similar for
the three subsets of data, at 2.6, 3.1 and 3.3% p.a. respectively. The mean rate of increase of 3.3% p.a. for the 49 sites is
considered to reﬂect the situation with the species at this time. The 49 sites also represent all sites for the species being
surveyed.

Figure 2. Linear regression relationships between numbers of C. novaeguineae nests and year
for three subsets of data [21 (bottom), 36 (middle) and 49 (top) nesting sites], 1992-2011. All
regressions were signiﬁcant.
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Crocodylus porosus
The analysis for C. porosus was also carried out for Primary Sites N=12 sites (1982-2012), excluding 1998, which had a
particularly low count (Fig. 3). The trend reﬂected a signiﬁcant relationship between nest counts and year (r2= 0.77, p=
0.0001), and a mean rate of increase of 2.5% p.a. When the 2012 data set were excluded, a higher proportion of the variation
was explained (r2= 0.83, p= 0.0001), and the mean rate of increase was slightly higher at 2.8% p.a.

Figure 3. Relationship between C. porosus nest counts in 12 Primary Sites and year
(1982-2012). Line indicates the signiﬁcant linear regression relationship, with
1998 excluded.
At the same time the other subset surveyed (N= 27 sites, 1988-2012), Figure 4, was also looked at excluding 1998 which
had a particularly low count, there was a signiﬁcant relationship between nest counts and year (r2= 0.70, p= 0.0001), and a
mean rate of increase of 2.4% per annum. When the 2012 was excluded, a higher proportion of the variation was explained
(r2= 0.88, p= 0.0001), and the mean rate of increase was slightly higher at 2.9% p.a. In addition, a greater rate of increase
is apparent since 2003, indicating a mean rate of increase of 4.9% p.a. between 2003 and 2010.

Figure 4. Relationship between C. porosus nest counts in 27 Primary Sites and year (19882012). Line indicates the signiﬁcant linear regression relationship, with 1998 excluded.
When the whole C. porosus data sets were again examined (N= 41) for the years in which all sets were consistently
surveyed (1991-2012; Fig. 5), with the exclusion of 1998 again due to the low counts observed in that year following the
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1997 El Nino. It showed a signiﬁcant relationship between nest counts and year (r2= 0.66, p= 0.0001), and a mean rate of
increase of 2.7% per annum. With 2012 excluded a much higher proportion of the variation was explained (r2= 0.87, p=
0.0001), and the mean rate of increase was slightly higher at 3.3% p.a. Similarly, as with the 49 C. novaeguineae sites, the
41 C. porosus sites are also representative of the survey area as a whole and that the nesting effort continues to increase
at a signiﬁcant rate.

Figure 5. Relationship between C. porosus nest counts in 41 sites (Primary and
secondary) and year (1991-2012). Line indicates the signiﬁcant linear regression
relationship, with 1998 excluded.
A comparative analysis was also carried out for the results of C. porosus and C. novaeguineae nest counts at 17 of the
primary sites between 1982 and 2010, and this revealed quite a different nesting trend (see Fig. 6).
1. Between 1982 and 1994 nest counts increased signiﬁcantly over time (r2= 0.91, p= 0.0001, N= 11), at a mean rate of
increase of 8.9% p.a.
2. Between 1994 and 2006 nest numbers continued to increase (r2= 0.84, p= 0.001, N= 8), albeit at a greatly reduced rate
(1.7% p.a.).
3. Between 2006 and 2010 nest numbers increased rapidly (r2= 0.76, p= 0.05, N= 5), returning to a similar rate of increase
(8.6% p.a.) as observed in the 1982-94 period (8.9%).

Figure 6. Linear regression relationship between numbers of C. novaeguineae and C. porosus
nests within 17 representative sites in the survey area.
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Discussion
The sites surveyed for each species are primary and secondary nesting areas, and the nesting trends derived are considered
representative of trends for each species in the area as a whole. For C. porosus, the two nesting indices (12 and 41 sites)
indicate signiﬁcantly increasing trends over time, indicating a healthy breeding population, despite general disintegration of
habitats across all sites. The 41 sites showed a signiﬁcant relationship between nest counts and year (r2= 0.66, p= 0.0001),
and a mean rate of increase of 2.7% p.a. This is also reﬂected for C. novaeguineae (21, 36 and 49 sites). The data indicate
that the increasing trends in nesting are signiﬁcant (r2= 0.59, p= 0.016; r2= 0.61, p= 0.013; r2= 0.56, p= 0.021 respectively)
with a mean rate of increase for the 49 sites at 3.3% p.a.
With the observed results from the analysis for both species it can be assumed that there is little doubt that the increases
in nesting especially for the C. porosus began when the egg harvest program in partnership between Department of
Environment and Conservation, Mainland Holdings and importantly the landowners themselves agreeing to the initiative
resulting from greater community awareness and subsequent “protection” of breeding females. At the same time it is also
noted that the nest counts may be variable from year to year due to various factors for instance the nesting effort in 1998
which was affected by extended drought “El Nino” throughout Papua New Guinea resulting in very low nest counts.
Considering the signiﬁcance of continued long term monitoring program, DEC also made an effort to improve and streamline
surveys. This includes two survey sites for C. porosus, Japandai and Bimba, being dropped in 2012, due to no nests being
recorded over the past 8-10 years. By excluding the two sites from the counts and the analysis, it reduces ﬂight time by at
least 2 hours. This approach will continue to be considered on other sites in the long-term as part of DEC’s strategy in cost
saving where helicopter hire rates are now becoming very competitive due to the mining and liqueﬁed natural gas (LNG)
explorations in PNG. With the increase in hourly rates DEC needs to justify the importance of ﬁnancing this program for
the beneﬁt of the industry and communities that depend on the use of the resource. The current progressive arrangement
at DEC in moving into an Authority will be a key component to ensure surveys are sustained. Thus, it has to seriously
consider the outsourcing of the program with ﬁnancing from the government so that sustainability of surveys, the conduct
and reporting is not comprised.
For the longer-term, the conservation-oriented egg harvest program, initially established in conjunction with the nest
survey, has changed its focus, with majority of egg harvests now conﬁned outside of the survey areas. According to Cox
et al. (2006), the volume of harvest has increased signiﬁcantly in recent years. Despite the signiﬁcant income gained
by local communities through the purchase of eggs by Mainland Holdings, it may be necessary in the short-term for a
detailed assessment of the egg harvest on wild juvenile populations, hence DEC`s obligation is to conduct monitoring
surveys in harvested areas to better provide evidence relating to long-term impacts of this activity. It is apparent from
survey data that few active nests were harvested within survey areas, which defeats to some degree the initial purpose of
the conservation-oriented egg harvest program. This is an issue that DEC should discuss with Mainland Holdings to seek
avenues for developing monitoring tools. Manolis (1995) recommended assessing harvest data for live animals and skins
as an important tool in determining whether egg harvests have a signiﬁcant impact on juvenile crocodiles and this is yet
an outstanding issue for DEC to follow through.
In addition to the exotic ﬁsh, a wetlands management plan or strategy needs to be adopted and put in place as a working
document for the local communities. This will enhance the issue and provide a wider local community understanding. The
continued degradation of primary nesting areas by introduced ﬁsh species raises grave concerns. Habitat degradation is
eminent and with the current rate, in the next 3-5 years there may be very little nesting habitat in some primary nesting sites
(Solmu 2009). Explicit examples of degradation are at Ningyum Lagoon, an inundated oxbow lake with compact ﬂoating
mats (eg Acrostichum aureum with a mixture of Lersia and Phragmites), has now vanished, with only the remnant mats
of Thoracostachyum sumatranum and pandan patches along the western lake fringe (Solmu 2009).This scenario places
the Department in a situation where conduct of surveys need to be tailored to accommodate degradation of nesting habitat
within speciﬁc sites. Compounded with that, there is no speciﬁc program within concerned agencies in PNG to monitor
introductions of exotic ﬁsh species and their impact on the ecology of the river systems. DEC needs to take a leading role
with stakeholder and partner government agencies and industry to mitigate the continued degradation to nesting habitat
and native species (Solmu 1999).
Conclusions
The results indicate that the nesting data for the past 18 survey years, from the breeding segments of the crocodile population
at many of the sites is increasing even with the degradation of prime nesting habitats. Current market prices and lower demand
on C. novaeguineae skins may have reduced hunting pressure on wild populations. This is evident from current population
trends for the species which exhibit signiﬁcant increasing trend (Solmu 2011). Current increasing nesting trends for both
species support to a larger extent a basis for surveys to be conducted due to the wild harvesting regimes being employed by
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the local communities and the exotic ﬁsh introductions on the habitats. Again, these surveys are very technical and costly
for DEC as compared to other surveys, and presents difﬁculties in securing funds to implement. Thus, recommendations
have been made for the implementation of surveys for both species to be alternately carried out bi-annually.
In summary, the observation of the recorded results from surveyed data, indicate the number of nests per site, which when
plotted suggests variable increases, given the similarity in survey methodology since 1981 and 1982 respectively for both
species. Whilst, the survey maintained the same line of survey at many sites, sometimes the ﬂight path is slightly modiﬁed
due to the structure of ﬂoating habitats being disintegrated by introduced ﬁsh species. The modiﬁcation is considered
minimal as the survey could not maintain the “ﬂy over open water” in many areas where there is no vegetation strips or
corridors. This is to minimise both costs and time from site to site. Importantly the consistency is being maintained to
operate these survey and that the overall number of nests would not account for a large variance in nests counted as the
survey dates have been consistent over many years.
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Harvesting of Wild Crocodile Eggs in Queensland by Aboriginal Landowners
Adam R.C. Britton
Big Gecko Crocodilian Research, McMinns Lagoon, N.T., Australia
(abritton@crocodilian.com)
Abstract
An investigation into the feasibility of a sustainable harvest of wild Saltwater Crocodile (Crocodylus porosus) eggs from
Cape York Peninsula was initiated in 2008 following the publication of the Cape York Peninsula Heritage Act 2007. The
Act provides the possibility of a wild harvest beneﬁting Traditional Owners as long as sustainability can be demonstrated.
Surveys were conducted on nesting habitat, nesting activities, population density and structure in 11 notable tidal rivers
around Pormpuraaw and Kowanyama in western Cape York Peninsula over a period of 4 years. This habitat is not considered
optimal nesting habitat for C. porosus but the proximity of the Edward River Crocodile Farm provided the motivation
for its selection as a potential trial area by the Queensland State Government. Despite ﬁnding relatively low densities of
crocodiles, the breeding population appeared to be healthy on the basis of regular nesting and a population structure in
most rivers that closely reﬂected one near to carrying capacity. This remained true despite high levels of egg mortality
recorded, due primarily to largely predictable annual ﬂooding, and high levels of post-hatching mortality within the ﬁrst
6 months which was independent of egg mortality within the natural extremes measured. This not only reﬂects a strategy
adapted to unpredictable environments, it also suggests that harvest pressure on crocodile eggs in the area, as part of a
proposed management strategy to beneﬁt Traditional Owners, would very likely have no measurable impact on recruitment.
In early 2012 the Queensland Government approved the ﬁrst experimental harvest of wild C. porosus eggs in Queensland
since protection (1974). This initial harvest will be appropriately conservative in scope, will be combined with continued
monitoring, and will test the conclusions drawn from the previous survey results.
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Vectorized Photos of Crocodile Heads and Skins
Alvaro Velasco B.
Fauna Silvestre: Productos & Servicios, Apartado Postal 66597, Caracas, Venezuela (velascocaiman@gmail.com)
Abstract
The Crocodile family is divided in three sub families. Crocodylinae or “True” Crocodiles, conformed by 13 species distributed
in all continents. Alligatorinae “Alligators and Caimans” represented by 11 species, principal in Latin America (9), one in
USA and other one in China. Gavialinae “Gharials and False Gharials” involve only 2 species distributed in South Asia.
Differences between the crocodile sub families are associated with the head. These include the bones and jaws structures
generating the variation that allow identify the three Crocodile sub-families. One the other hand, skins are split in classic
and non-classic by the international market. This classiﬁcation is based on the type and distribution of scales, and bones
or osteoderms present into ﬂanks and skins. Through a Graphic Design computer program, Adobe Illustrator CS5, I have
selected juvenile’s crocodile head photographs in dorsal and ventral view, and tanned or fresh skins, and tanned ﬂanks
to be transformed into vectorized or digitalized images. This results in an image with all head and leather details, which
permit a better identiﬁcation of the differences of crocodiles species and skins.
Resumen
La familia de los Cocodrilos está dividida en tres sub familias. Crocodylinae o verdaderos cocodrilos, conformada por 13
especies distribuidas en todos los continentes. Los Alligatorinae “Aligatoridos y Caimanes” representados por 11 especies,
principalmente se encuentran en Latino América (9 especies), una es USA y otra en China. Los Gaviales o falsos Gaviales
con dos especies, distribuidos en el Sureste Asiático. Las diferencias entre las familias de los cocodrilos están asociadas
a la forma y tipo de cabezas, donde las variaciones de los huesos y las estructuras de las mandíbulas permiten identiﬁcar
y/o separar las tres sub familias. Con las pieles, en el mercado internacional se identiﬁcan las denominadas pieles clásicas
y las no clásicas. Esta clasiﬁcación se basa en el tipo, distribución y patrón de las escamas, y en la presencia de huesos
“osteodermos” en los ﬂancos o pieles. Utilizando un programa de diseño Gráﬁco, Adobe Illustrator CS5; se seleccionaron
fotos de la cabeza, tanto dorsales y ventrales de cocodrilos juveniles, y fotos de pieles y ﬂancos curtidas o no, para ser
vectorizadas o digitalizadas. El resultado es una imagen que muestra todos los detalles de la cabeza o de las pieles, que
permite su ilustrar mejor las diferencias entre las especies de cocodrilos.
Introduction
In the 1970s, all 23 crocodiles species were threatened or endangered (Thorbjarnarson 1992). The principal reason of this
situation was overexploitation, illegal trade and uncontrolled harvest program (Velasco 2008). With the appearance and
activation of the Convention of International Trade in Endangered Species of Wild Fauna and Flora (CITES), that controls
and design mechanisms for international trade and the Crocodile Specialist Group of the IUCN-SSC, that promotes the
sustainable use of all crocodilians; appear guidelines to reduce the illegal trade, design strategies or tools to recover the
wild populations and mechanism to control de international trade (Velasco 2005).
Those events were traduced in species recuperation, to the level that some of them begun to be used under sustainable
programs, through wild harvest, ranching or captive breeding programs around the world. And also hunting programs,
where the hunters export trophies to their countries.
One important point is how the customers in importing countries identify what species or sub-product are and if this specie
is permitted to international trade. One of the most important document that permit to know and identify crocodiles species
and its characteristics, is the CITES Identiﬁcation Guide - Crocodiles (1995) published with the support of Canadian
Ministery of Environment. Trutnau and Sommerlad (2006) have a large explanation of crocodile systematics, and reproduce
the identiﬁcation keys for crocodilians of Wermuth and Fuchs (1983). Also, Trutnau and Sommerlad (2006) include another
key to identify belly skins of Alligatorinae, Crocodylinae and Tomistominae.
The most complete identiﬁcation manual for crocodile skins was by Fuchs (2006). This book is so useful in all points of
export; import and re-export for identify crocodile skins, through the images showed the characteristics for each species.
The ﬁrst crocodile head drawn was in 1953 by G. Richter (see Wermuth 1953). Those illustrations are excellent and are
the inspiration for this work.
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Methods
The basis is a high quality photograph, which when zoomed in on, does not lose focus, pixels, and all details of the
head or skin can be seen. I used Adobe Illustrator CS5, a graphic design program. It permits to vectorize or digitalize all
characteristic of the image in different layers. The result is an image with all detail of head or skins. Each layer permits to
use different thickness lines, to separate and identify any particular detail.
For crocodile heads, we used two different images. One is a dorsal (Image 1A) and other is a lateral view (Image 1B). All
crocodile photographs used in this work were juveniles.

Figure 1A. (left) dorsal view C. intermedius head (Photograph: A. Velasco); 1B. (right) lateral view of C. latirostris head
(Photograph: P. Siroski).
For crocodile skins and ﬂanks, I used three skin types: belly cut (Fig. 2A), hornback cut (Fig. 2B), and ﬂanks (Fig. 2C).
The skins or ﬂanks could be tanned or salted.

Figure 2A (top) raw C. siamensis belly skin (Photograph: Y. Temsiripong;
2B. (middle) tanned C. intermedius hornback skin (Photograph: A.
Velasco); 2C. (bottom) tanned C. crocodilus ﬂank (Photograph: A.
Velasco).
The goals of this work is to develop a document that shows all differences of crocodilian species’ heads and all commercial
skins.
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Results
At the time of writing of this paper, I had digitized or vectorized 15 of the 23 crocodilian species in lateral and dorsal head
(Alligator mississippiensis, Caiman crocodilus crocodilus, C. latirostris, C. yacare, Crocodylus intermedius, C. johnstoni,
C. mindorensis, C. moreletii, C. novaeguineae (only dorsal), C. palustris, C. porosus, Gavialis gangeticus, Melanosuchus
niger, Paleosuchus palpebrosus and P. trigonatus). Figure 3 shows the digital dorsal head view, Figure 4 the digital lateral
view.

Figure 3A. (left) digital dorsal image of Crocodylus palustris. 3B. (right) digital dorsal image of Melanosuchus niger.

Figure 4A. (left) digital lateral image of Crocodylus porosus. 4B. (right) digital lateral image of Paleosuchus trigonatus.
Each pair of images allows heads differences between species to be seen. The Crocodylinae are long-snouted against the
Alligatorinae that are short-snouted. This characteristic is easy to see in lateral digital image. Also, the presence outside
the jaw of the 4th tooth. The dorsal digital image illustrates the neck scales distribution, which is characteristic of each
crocodilian species.
The digital or vectorize image, maintain the scale of head. The program permits using the rule tools, determine the rate of
any dimensions and proportions of any head parts.
For skins, I have digitized or vectorized Alligator mississippiensis, C. yacare, C. niloticus, C. siamensis in belly and
hornback; C. c. fuscus, C. latirostris (from Argentina and Brazil), C. porosus in belly; and, C. intermedius and C. johnstoni
in hornback. Figure 5 shows the digital belly and hornback skins, and Figure 6 ﬂanks.
Those images allow identifying the differences between classic versus non-classic skins. Those differences are based in
patrol scales distribution and osteoderm presences. On the other hand, this methodology could permit identify differences
between captive or ranching versus wild skins or ﬂanks, based on characteristics of each species.
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Figure 5A. (top) Caiman latirostris digital belly skin 5B. Alligator mississippiensis digital hornback skin.

Figure 6A. (top) Caiman crocodilus crocodilus digital ﬂank; 6B. (bottom) Caiman yacare digital ﬂank.
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Shedding Light on the Heart of Darkness - Comparative Phylogeography Clariﬁes
Taxonomic Uncertainty in African Crocodiles
Matthew H. Shirley
Department of Wildlife Ecology and Conservation University of Florida,
110 Newins-Ziegler Hall Gainesville, FL 32611-0430, USA
Abstract
Recent molecular phylogenetic studies have shown that the three traditionally recognized extant African crocodilian taxa
(Crocodylus niloticus, Mecistops cataphractus and Osteolaemus tetraspis) are each comprised of highly divergent, cryptic
lineages. Interpreting these results in light of continent-scale biogeographic events indicated several common, putatively
vicariant, patterns. Our study represents the ﬁrst comparative study across Africa crocodilian taxa. Cryptic African crocodile
complexes provide a unique opportunity for comparison because they are of different evolutionary age yet display similar
levels of distributional stability. Despite being broadly sympatric throughout western Africa, they each exhibit signiﬁcant
niche partitioning and life history differences, as well as different capacity for dispersal. Comparative phylogeographic
analyses provide a framework under which genealogical concordance between sympatric species is used to test the strength
of geographic features in structuring regional biotas. Comparing phylogeographic structure between these crocodile species
complexes will produce signiﬁcant insights into the relative role of vicariance, notably basin entrapment, and the effects
of paleoclimatic change on forest distribution and desertiﬁcation.
Individuals of all three crocodile species were sampled from throughout their known distributions from both wild populations
and museum collections and sequenced at up to ﬁve homologous gene regions including both mitochondrial and nuclear
markers. Sequence data for all three species was analyzed under a comparative, statistical phylogeographic framework to
test congruent vicariance and divergence timing between the Congo and Ogooué Basins, as well as across the Cameroon
Volcanic Line. Preliminary results show congruent patterns of high interbasin differentiation, though not for all species
complex pairs, with relatively low intrabasin structure. This study presents the ﬁrst such data for the remaining, unevaluated
African crocodile - Mecistops cataphractus. Our results support the importance of both species speciﬁc and landscapelevel factors in driving the evolution of faunas across regions over time. Recognition of new African crocodile species
has signiﬁcant implications for the conservation status, and conservation strategies, of each newly recognized taxon in
different regions of the continent.

192

Detecting American and Morelet’s Crocodile Introgressive Hybridization
Using a Large Number of Microsatellites
Brandon A. Gross, Miryam Venegas-Anaya, Jeremy P. Weaver, Ashish Bashyal and Llewellyn D. Densmore III
Department of Biological Sciences, Texas Tech University, Lubbock, Texas 79409-3131, USA
(brandon.gross@ttu.edu)
Abstract
Introgressive hybridization is considered extremely uncommon and difﬁcult to prove in animal speciation. However,
hybridization is considered to be a very signiﬁcant aspect in the conservation of biodiversity, when it comes to conserving
natural populations of charismatic fauna, such as crocodilians. Molecular genetics provides tools for testing ancient and
current hybridization events in many taxa, including crocodilians. Our study focuses on testing 40 microsatellite loci isolated
and characterized from the Saltwater Crocodile (Crocodylus porosus), for cross-species ampliﬁcation and polymorphism in
American (C. acutus) and Morelet’s (C. moreletii) Crocodiles collected throughout Mexico. Using a large set of multi-locus
markers, will not only help us to better understand the evolutionary history of Neotropical crocodilians, but also contribute
to our knowledge of current population dynamics. This will ultimately lead to the development of better management and
conservation programs. Our preliminary results have found consistent cross-species ampliﬁcation for 20 out of the 40
markers in both pure and “hybrid” species and indicate differing degrees of genetic variation. From the 20 microsatellites,
10 markers showed different grades of inter-speciﬁc genetic variation and two microsatellites appear to be monophyletic.
We are currently testing these 20 markers on 17 individuals chosen randomly (5 C. acutus, 7 C. moreletii, and 5 hybrids)
from 9 different localities within the Yucatan Peninsula, Mexico.
Introduction
Within the genus Crocodylus, many microsatellite loci are conserved across species and are useful in interspeciﬁc and
intraspeciﬁc marker comparisons (Glenn et al. 1998). Such conservation allows for descriptions of genetic diversity and
admixture analyses (Miles et al. 2009a); to date, microsatellites (msats) have been isolated or cross-species ampliﬁed
in almost all species of crocodilians (Glenn et al. 1998; FitzSimmons et al. 2001; Dever and Densmore 2001; Miles et
al. 2009b; Weaver et al. 2008; Zucoloto et al. 2002). Multi-locus genetic markers, including microsatellites can be used
as tools for a variety of ﬁelds of study, such as in phylogenetics, population genetics, and for forensic analyses such
as parentage testing (Anmarkrud et al. 2008). Microsatellites have been utilized in Crocodylus to identify ancient and
current hybridization and introgression events (Zucoloto et al. 2002; Milian-Garcia et al. 2011; Rodriguez et al. 2008).
While microsatellite markers are considered to be useful genetic tools, their molecular evolution and mutation is not fully
understood (Anmarkrud et al. 2008). The ﬁrst objective of this study is to characterize C. acutus (American Crocodile),
and C. moreletii (Morelet’s Crocodile), utilizing microsatellites described by Miles et al. (2009a) in order to ultimately test
for admixture between the two species. Given recent studies using microsatellites in crocodilians and the high amount of
inter-speciﬁc and intra-speciﬁc admixing that has been suggested, increasing the number of microsatellite markers should
give better resolution in characterizing species relationships as well as help in decreasing effects of homoplasy. Our aim is
to test whether increasing the number of microsatellites will show a higher level of resolution in detecting hybrid animals
and establishing zones of potential admixture.
Methods and Materials
Samples and microsatellite genotyping:
• Utilized 17 individuals characterized genetically and morphologically previously by Cedeno et al. (2008) and Rodriguez
et al. (2008): 7 C. moreletii, 5 C. acutus and 5 C. moreletii x C. acutus hybrids.
• Total genomic DNA was extracted using the PureGene isolation kit (Gentra Systems, Minneapolis, MN).
• 40 msats are currently being tested for cross species ampliﬁcation using a modiﬁed 3-Primer Competition PCR
(Polymerase chain reaction) using forward, reverse, and m-13 labeled primers (FAM and NED) and protocols TD65
and TD55 described by Miles et al. (2009a).
• Fragments were sized using GS500 Rox size standard on an ABI 3100-Avant Genetic Analyzer and visualized using
GeneMapper v3.7.
Microsatellite analyses:
• STRUCTURE was run to examine the overall genetic subdivision between C. acutus and C. moreletii using 10 msats
previously used on the same individuals by Rodriguez et al. (2008), 40 msats isolated by Miles et al. (2009a), and the
two combined (Fig. 1).
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• POPULATIONS was utilized to construct an exploratory neighbor-joining tree for all msats combined (Fig. 2).
• CERVUS was used to estimate measures of msat diversity (Fig. 3) for C. acutus and C. moreletii individually (after
the removal of hybrid individuals).

Figure 1. A barplot of posterior probability assignments (K constrained to 2) to species groups
generated in STRUCTURE. [C. acutus individuals are represented in dark colouration (left
side) and C. moreletii individuals are represented in lighter colouration (right side)]. Inferred
hybrids are designated by an H.

Figure 2. An exploratory neighbor-joining tree based on Dc distances constructed in
POPULATIONS for 22 msat loci from pure C. acutus and C. moreletii as well as previously
identiﬁed hybrids. Hybrids are identiﬁed with an (H).
Results
• 12 of the 40 msats tested have shown consistent ampliﬁcation in C. acutus and C. moreletii.
• Measures of msat diversity (Fig. 3) show two markers are ﬁxed and identical for both species and therefore relatively
uninformative at this scale. Ten markers are variable and preliminary results show a range of species speciﬁc alleles.
• Analyses of population structure show similar assignments of individuals to speciﬁc genotypic classes and when all
datasets are combined the probability of that assignment increases.
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Figure 3. Distribution of allele frequencies for two genetic clusters (with hybrids removed)
inferred by model clustering methods (Fig. 1). light colouration (left bars) = C. acutus;
dark colouration (right bars) = C.moreletii.
Conclusions
Miles et al. (2009a) described 253 novel polymorphic msats from the Saltwater Crocodile (C. porosus), 82 have been
tested for cross-species ampliﬁcation with emphasis on Old World Crocodylus (Miles et al. 2009b). These markers have
yet to be tested thoroughly in New World Crocodylus. Twelve of the 40 msat markers tested in this study show consistent
ampliﬁcation for C. acutus and C. moreletii. Of the 12 msats, 10 appear to be variable enough to discriminate between
both species and possess an array of species-speciﬁc alleles while 2 msats appear to be monophyletic between the two
species. When combining these msats with past studies (Rodriguez et al. 2008), we see an increase in the resolution of
assigning individuals into speciﬁc genotypic classes, which is suggestive of the need to utilize a large array of msat markers
when looking at species relationships. With these larger datasets there is a need to repetitively test each msat and use
the standard deviation to verify alleles in an effort to reduce possible error arising from non-speciﬁc ampliﬁcation. The
utilization of a large set of multi-locus markers will not only help to understand the evolutionary history of Neotropical
Crocodylus, but to also increase our knowledge of current population dynamics that ultimately lead to the development
of better management and conservation plans.
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Population Genetics and Conservation of the Philippine Crocodile
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Abstract
The endemic Philippine Crocodile (Crocodylus mindorensis) is considered to be one of the most highly threatened
crocodilians in the world. Historically known to occur throughout the Philippine archipelago, wild populations are now
conﬁned to small and isolated populations on the islands of Luzon and Mindanao. Reintroduction is seen as an important
element in the recovery of this species. Successful captive breeding programs initiated in the 1980s increased the number to
hundreds of captive Philippine Crocodiles, many of which are candidates for reintroduction to suitable habitats. Preliminary
genetic studies based on mtDNA found C. porosus-C. mindorensis hybrids in the biggest captive population which raises
concerns on species integrity and suitability of the captive population for the reintroduction program. In addition, unresolved
issues on the extent of genetic differentiation among extant populations hampered recovery plans for many years. To resolve
these issues, a total of 618 wild and captive Philippine crocodiles were genotyped at 11 microsatellite loci to investigate
genetic diversity and population structure. In addition, information from an existing mtDNA study was combined with
the results from a Bayesian assignment test based on microsatellite loci to ﬁnd evidence of hybridisation. A high degree
of genetic differentiation across all populations was observed (FST= 0.29. Genetic differentiation reﬂected geographic
structuring, with the highest FST values recorded between populations from the northern Philippines (Luzon) and southern
Philippines (Mindanao). Moderate levels of genetic diversity were seen in all captive and wild populations included in
the sampling, except for one captive population in Abra. A total of 92 hybrids were identiﬁed from two captive facilities.
Three of the identiﬁed hybrids in this study were part of the group released into the wild during the ﬁrst reintroduction
program in 2009. These three individuals did not exhibit obvious morphological anomalies and were thought to be pure
C. mindorensis. The results of this study have important conservation implications and will inﬂuence the management of
captive and wild populations of Philippine Crocodiles and the design of future reintroductions.
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Introduction
Caiman latirostris (Broad-snouted Caiman) is the crocodilian species with the southern-most distribution in South America,
extending to Santa Fe Province, Argentina (Siroski 2004). As a result of agricultural expansion produced in recent years in
Argentina, mainly associated with transgenic soy, C. latirostris populations are exposed to continuous pesticide discharges
in their natural environment because of overlap with areas of intensive agriculture (Poletta et al. 2011). Pesticides are
often very reactive compounds that can disrupt normal cellular processes and interact directly or indirectly with DNA,
causing genetic instability (Ecobichon 2005; Gluczac et al. 2006). The micronucleus (MN) test is a biomarker to detect
genotoxic effects of mutagenic agents that modify the structure and/or segregation of chromosomes, allowing the detection
of early biological responses, before the damage is irreversible and imbalances the organism’s health (Carballo and Mudry
2006).
The aim of this study was to evaluate the potential genotoxicity and effects on growth of C. latirostris hatchlings exposed
in vivo to sub-lethal concentrations of Roundup® (RU; glyphosate based formulation), and to provide further information
on pesticide effects in this species, studying a route of exposure and a biological stage not previously evaluated.
Materials and Methods
We used 72 C. latirostris specimens, 20 days of age, hatched from eggs harvested in the Natural Managed Reserve “El
Fisco” (Santa Fe, Argentina), under the Proyecto Yacaré ranching program. Animals were distributed into three experimental
groups of 24 specimens each, with two replicates of 12 animals per group: a negative control without exposure and two
treatments exposed to different concentrations of RU. Sub-chronic exposure (60 days) was performed by immersion (Eaton
and Klassen 2005) in plastic pens tilted to provide a dry surface. Water was renewed every three days and concentration
of RU progressively decreased through time, taking into account glyphosate metabolism previously determined by HPLC.
The ranges of exposure concentrations were as follows: Treatment 1 (RU1): 11mg/l (initial concentration) to 2.5mg/l
(ﬁnal concentration) and Treatment 2 (RU2): 21 mg/l (initial) to 5 mg/l (ﬁnal), while a third group was maintained as a
control (NC). Animals were measured in total length (TL) and weighed at the beginning and at the end of the experiment
to determine growth of the animals in each experimental group. Blood samples (0.5 ml) were taken from the spinal vein
(Olson et al. 1977) for the application of the Micronucleus (MN) test in erythrocytes (Poletta et al. 2008), as a biomarker
of genotoxicity. Two smears were made for each animal, ﬁxed and stained with Giemsa.
For each sample, 1000 erythrocytes were analyzed under an optic microscope with a magniﬁcation of 1000X and the MN
frequency determined (MNF: number of cells with MN/1000 cells counted).
Results
Results demonstrated an induction of genotoxic damage caused by exposure to RU. There was a signiﬁcant increase in
the MNF in RU1 (1.83 ± 0.27) and RU2 (2.09 ± 0.27) compared with the NC (0.43 ± 0.13, p<0.0016), but no difference
was observed between RU1and RU2 (p>0.016) (Fig. 1).
Results of growth showed that hatchlings exposed to RU2 grew less in TL (5.64 ± 0.89 cm) and weight (54.13 ± 6.80 g)
than those of the NC (8.23 ± 0.61 cm and 69.44 ± 6.02 g, respectively), but this was not statistically signiﬁcant (p>0.05).
No differences were observed between RU1 (8.53 ± 0.40 cm and 82.16 ± 5.11 g) and NC (p>0.05) (Fig. 2).
There were no differences between clutches in the MNF, weight or length of the animals (p>0.05), and no relationship
between animal size and DNA damage evidenced by the MNF (p>0.05).
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Figure 1. Micronucleus frequency(mean ± standard error)
observed in the different experimental groups. NC:
negative control; RU1 and RU2: groups exposed to
different concentrations of Roundup®. *Signiﬁcantly
different compared to the negative control (MannWhitney test).

Figure 2. Growth in total length (TL; left) and bodyweight (right) of experimental groups. NC: negative control;
RU1and RU2: groups exposed to different concentrations of Roundup®.
Discussion and Conclusions
In recent years, several studies evaluated the impact of glyphosate formulations on non-target organisms. In studies using
concentrations commonly applied in agriculture, adverse effects were observed in different wildlife species (Sparling et
al. 2006; Cavas and Könen 2007; Poletta et al. 2009; Lajmanovich et al. 2010; Bosch et al. 2011).In our region, previous
studies demonstrated the genotoxic effect of RU and its combination with Endosulfan and Cypermethrin formulations
on Broad-snouted Caiman neonates after exposure during the incubation period to pesticide concentrations commonly
applied in the ﬁeld (Poletta et al. 2011). Hatchlings are particularly susceptible because they spend most of the time in small
waterbodies, many of which receive and concentrate pesticides discharges from neighboring crops. The results of this study
demonstrated that RU formulation also induces genotoxic effects and a trend to lower growth in C. latirostris hatchlings
exposed in vivo during the ﬁrst months of life. This could imply a serious risk for hatchlings in natural environments,
because in this period they are extremely vulnerable to climate conditions, which is clearly dependent on body size.
The biological consequences of these alterations is uncertain, but they could affect the normal function of physiological
processes at the cellular and individual level, warning about the effect that wild populations of C. latirostris continuously
exposed to low concentrations of these and other pesticides, might be suffering.
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Abstract

Multiple paternity is a behavior increasing effective population size, which could increase genetic diversity particularly
in populations submitted to bottlenecks events. In Argentina, wild populations of Caiman latirostris are subject of a
management plan started in response to the evident numeric reduction of the populations, as a consequence of hunting
pressure and habitat modiﬁcation. The program had a remarkable success in population recovery allowing the commercial
use of C. latirostris. Data on reproductive behavior of C. latirostris are limited and the information about genetic diversity
is scarce too. Our speciﬁc aims were to study the genetic structure and mating system applying microsatellite markers in
12 C. latirostris families from 8 populations. The obtained results showed highly signiﬁcant difference among populations
and a lack of correspondence between geographical distance and genetic differentiation suggesting that populations of C.
latirostris represent unstable metapopulations. In the paternity analysis more than one father was detected in two nests,
which could be explained by female ability to sperm storage, as proposed in related species. Multipaternity could contribute
to preserve viable populations of C. latirostris, since the maintenance of genetic variability within populations could help
increase their capacity to respond to selective pressure.
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Abstract
Wading birds (Ciconiiformes) appear to preferentially nest above alligators and alligator habitat. Alligators could beneﬁt
nesting birds by deterring mammalian predators. Chicks or food dropped from the bird nests could provide alligators
with food. We tested selected predictions of this hypothesis using small willow-dominated colonies of little blue herons
(Egretta caerulea), tricolored herons (Egretta tricolor), and snowy egrets (Egretta thula) in the central Everglades as
experimental units. We experimentally manipulated apparent densities of alligators and conspeciﬁc birds using alligator
and white bird decoys to determine if wading birds were attracted to alligators via visual cues. Egretta herons showed a
strong preference for sites with both alligator and bird decoys in 2010 [Χ2 (3, N= 45)= 17.133, p= 0.001] and 2011 [Χ2
(3, N= 261)= 72.452, p= 0.0001]. Utilizing throughfall traps, we estimated that a colony of 50 pairs has the potential to
drop 102 g of food over a 60-day nesting cycle. This may be nutritionally important to alligators, particularly during the
dry season when movements may be limited and food is harder to ﬁnd. Our evidence suggests that there is a mutualism
between Egretta herons and alligators; herons are attracted to nest near alligators, and alligators receive nontrivial food
beneﬁts from nesting birds.
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