
Introduction

The commercial production of wildlife is described 
as the rearing of non-domesticated animals for captive 
breeding. This is an alternative to subsistence hunting 
which has less negative impact on the environment, as 
it reduces the pressure and dependence on wild animal 
populations. Additionally, it can provide food and 
income in areas where local conditions limit traditional 
agricultural production (Nogueira and Nogueira, 2011). 

In this context, the valuation of a species and the 
environment is essential for sustainable use to serve as 

a conservation tool being that the commercial use of 
crocodilians for production of skin and meat has been 
considered one of the most successful models, having 
the skin as its most valuable product.

The skin of crocodiles, as in other amphibians and 
reptiles acts in the thermoregulation, respiration, and 
defence (i.e., colouration and production of chemical 
substances) (Vitt and Caldwell, 2014); and any disease 
affecting it diminishes the quality of the leather and 
hence its market value. Skin and ocular diseases such 
as dermatitis and conjunctivitis have been reported 
in alligators and crocodiles (Ladds and Donovan, 
1989; Bounds and Norman, 1991; Ladds et al., 1995; 
Clippinger et al., 1996; Buenviaje et al., 1997). The 
first may cause discolouration or result in a fine white 
coating over the dorsal area, while in the abdominal area 
may cause small yellow- brownish lesions. This can be 
caused by bacteria or fungi (Buenviaje et al., 1997; 
Huchzermeyer, 2003). 

Conjunctivitis is characterised by the inflammation of 
the eye area, including the internal mucosal surface and 
external eyelids. It may be caused by viruses, bacteria, 
or fungi (Ladds et al., 1995; Villafañe et al., 1996). Both 
diseases are the most common in captive breeding of 
crocodilians and have been recognised by farmers as 
an economically important problem in all continents 
(Buenviaje et al., 1997) because the meat and hides of 
the affected animals are downgraded (Buenviaje et al., 
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1997; Huchzermeyer, 2003). None of the mentioned 
diseases had been reported in any crocodile farm in 
Argentina prior to this study.

The conditions under which crocodilians are kept 
in captivity are probably the most important factor 
in the development of these diseases. Temperature, 
management, diet, and the stocking density can cause an 
increase in stress and subsequent rise in corticosterone 
levels, which impairs the animals’ immunity 
(Matsumoto and Huang, 2000; Siroski and Moleón, 
2020), and may become infected by bacteria or other 
pathogens. In this sense, the presence of stressors within 
the breeding system can trigger catastrophic disease 
outbreaks and a high mortality rate (Buenviaje et al., 
1997; Huchzermeyer, 2002, 2003). 

This study is the product of several observations and 
represents an initial attempt to describe the prevalence 
and probability of skin and ocular diseases among 
farmed Caiman latirostris (Daudin, 1802) in Argentina, 
based on their skin colour. It establishes a relationship 
between skin colour and disease, while also providing 
new information on certain pathologies of this species.

Materials and Methods

Animals and Housing. Broad-snouted caimans used in 
this study were hatched from wild, artificially incubated 
eggs, and captive-reared at “Yacarés Santafesinos” 
facilities (Gobierno de Santa Fe/MUPCN). All caimans 
in this study were housed in concrete pens, each of 1 m 
high with a total area of ~10 m2 [divided into land (33%) 
and water (67%; 25 cm deep) areas]. They are maintained 
with stocking densities of 0.27 m2/Ind and natural light. 
Air and water temperatures were maintained at 29 ± 
2 °C, and tanks were cleaned and refilled with warm 
water (27–30 °C) daily before animals were fed (with 
balanced feed-supplemented minced chicken head ad 
libittum). Caimans between 6 and 10 months old (n = 
151) had a body mass (BM) of 1056.23 g ± 589.65 SE 
and a total length (TL) of 60.67 cm ± 10.65 SE.

Measurements and Physical Examination. Measures 
of TL (from snout tip to tail end) and BM were taken 
from all animals. After the measurements, a physical 
examination was performed on each animal, classifying 
them according to the skin tone (light or dark; Fig. 1) 
and their health status (healthy or diseased). During the 
physical examination of the caimans, the eyes, the dorsal 
and abdominal skin were carefully examined looking 
for visible signs to diagnose them with conjunctivitis 
(Fig. 2) and dermatitis (Fig. 3). The origin and cause of 
these pathologies were not determined, because is not 

the aim of this work.
Data Analysis. Shapiro-Wilk’s and Levene’s tests 

were used to determine normality and homogeneity of 
variance of the variables. After that, a chi-square test 
was used to detect the relationship between variables 
skin colour–health condition, skin colour–number of 
lesions, and skin colour–kind of lesion were analysed 
using. A two-way ANOVA was used to detect variations 
in body mass and total length of caimans by skin colour 
and health status. These analyses were performed 

Figure 1. Caiman latirostris presents an evident variable skin 
colouration between individuals of the same species. The 
figure shows two animals (classified as light and dark skin 
caimans) to emphasise the differences between the tones of 
colour of skin. At left side, an individual is classified like dark 
skin, this present tones from greasy green to dark green. At 
right side, an individual is defined like light skin, which has 
tones ranging from light yellow and yellow to light green. 
Photos by Samuel Hilevski.
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Figure 2. The different stage of eyes lesion looked during eyes examination of C. latirostris. (A) Healthy eyes. (B) Eyes with 
an initial stage of conjunctivitis. (C) Middle stage of the disease. (D) The advanced stage of conjunctivitis. Photos by Samuel 
Hilevski.

Figure 3. The signs of dermatitis looked during belly skin examination of C. latirostris. (A) shows healthy belly skin. (B) Close-up 
of the healthy belly skin. (C) The belly skin with dermatophilosis. (D) Close-up of the disease. Photos by Samuel Hilevski.



with commercial software (SPSS version 25, IBM 
Corporation, Armonk, New York 10504, USA), and 
statistical significance was set at alpha 0.05.

Results

Animals classified as “healthy” by the total absence 
of clinical signs of any disease, whereas the animals 
diseased were diagnosed under the following criteria: 

a. Conjunctivitis: Inflammation of the conjunctivae 
and the lining of the mucosa of the inner surface of 
the two outer eyelids and the third eyelid, as well 
as the conjunctival sac. Increased lacrimation or 
exudate, and blindness due to the accumulation of 
fibrinous material behind the eyelids (Villafañe et 
al., 1996) (Fig. 2).

b. Dermatitis: Lesions in the form of a small yellow-
brownish colour between the abdominal scales 
accompanied by keratin lifting. Depression and 
erosion of the epidermis by hyperplasia and 
ulceration of the tissue (Buenviaje et al., 1997, 
1998a, b) (Fig. 3).

Figure 4 shows the percentages of individuals classified 
according to their skin colour (light or dark), health 
status (healthy or diseased), number of diseases (one or 
two), and kind of disease (dermatitis, conjunctivitis, or 
both diseases). 

Figure 5 shows the number of healthy and diseased 
caimans for every skin colour category. It is shown that 
the dark-healthy caimans (35.76%) are more abundant 
than light-healthy (15.89 %), dark-diseased (15.89 %), 
and light-diseased caimans (32.46 %). Furthermore, 
light-diseased caimans are more abundant than light-
healthy, and dark-diseased caiman. The chi-square test 
indicated that there may be a relationship between the 
skin colour and health status of the caimans, where 
the dark–skin animals are healthier than the light–skin 
animals (Χ2 = 19.956, df = 1, n = 151, α = 0.001).

Figure 5 also shows the number of caimans with 
dermatitis, conjunctivitis, or both diseases in each 
skin colour category. Results shown that the light–skin 
caimans with dermatitis, conjunctivitis (17.88%) or both 
diseases (14.57%) are equal or more abundant than dark–
skin caimans with dermatitis, conjunctivitis (13.91%), or 
both diseases (1.99%). The frequency of conjunctivitis 
was higher in light–skin caimans (prevalence = 0.30) 
than in dark–skin caimans (prevalence = 0.19). The 
frequency of dermatitis in dark–skin caimans was 
slightly higher than in light–skin caimans (prevalence 
= 0.07 and 0.06 respectively). Finally, the frequency of 
both diseases in light–skin caimans (prevalence = 0.30) 
is more abundant than in dark–skin caiman (prevalence 
= 0.03).
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Figure 4. Total caimans in each category. 



The chi-square test indicated a relationship between 
the skin colour of the caimans and the susceptibility of 
these animals to exhibit lesions such as conjunctivitis or 
dermatitis, where the light caimans are more vulnerable 
to suffer these two kinds of diseases simultaneously 
(Χ2 = 26.592, df = 2, n = 151, p ≤ 0.001). Furthermore, 
the results are indicating a correlation between the skin 
colour of the caimans and the kind of disease that they 
may suffer, the conjunctivitis being more frequent (Χ2 = 
27.258, df = 3, n = 151, p ≤ 0.001).

Figure 6 shows the body mass of light–skin caimans 
and dark–skin caimans in each category of health status. 
The results of two-way ANOVA for body mass of 
caimans were different by health status (F = 17.233, df = 
3, p < 0.0001), but not for skin colour or the interaction 
between these variables. Bonferroni test revealed that 
the body mass of healthy light or healthy dark caimans 
was higher than caimans with dermatitis, conjunctivitis, 
and both diseases (p < 0.0001).

Figure 7 shows the total length of light skin caimans 

and dark–skin caimans in each category of health 
condition. Regarding body mass, the results of two-
way ANOVA indicate that the length of caimans was 
different by health status (F = 16.934, df = 3, p < 0.0001) 
but not for skin colour or the interaction between these 
variables.

The Bonferroni test indicated that the total length of 
healthy light or healthy dark caimans was comparable to 
that of light or dark caimans with dermatitis. However, 
it was found to be longer than the total length of 
caimans with conjunctivitis, regardless of their colour. 
Additionally, both dermatitis and conjunctivitis were 
observed in these caimans (p < 0.0001).

Discussion

The diseases in crocodilians like in other animal taxon 
can have different origins, such as bacterial, viral, fungal, 
nutritional, even neoplastic (Millichamp et al., 1983; 
Foggin, 1987; Conley et al., 2018). The conjunctivitis 
and dermatitis reported in this study for individuals of C. 
latirostris (Fig. 4) could be caused by non-specific viral, 
bacterial, or fungal infections. Any cause of eyes and skin 
infection may be predisposed by temperatures (cooler), 
or other environmental stressor factor (Millichamp et 
al., 1983; Buenviaje et al., 1998a, b; Huchzermeyer, 
2003; Meyers et al., 2009; Rainwater et al., 2011). In 
the captive breeding of crocodilians, the environmental 
conditions can affect the stress levels of individuals. 
High stress levels can compromise the immune system 
and, in some cases, causing immunosuppression (Keller 
et al., 2006; Nevarez, 2019). 

Regardless of the origin of the infections, the results 
also show a correlation between the skin colour and the 
susceptibility of C. latirostris to suffer conjunctivitis 
and/or dermatitis, making the light skin caimans 
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Figure 5. Number of caimans for each category of health 
condition, and skin colour.

Figure 7. Total length of healthy caimans, with skin, ocular, or 
both diseases in each category of skin colour.

Figure 6. Body mass of healthy caimans, with skin, ocular, or 
both diseases in each category of skin colour.



more vulnerable to suffer these diseases (Fig. 5). In 
crocodilians, as in other reptiles, skin colour is a genetic 
trait that is expressed in the phenotype of the animals 
as different skin tones (Bagatto et al., 2012; Senczuk 
et al., 2021). The superficial dermis of crocodilians, 
similar to other reptiles and mammals, consists of 
sparsely distributed elastin fibres, fibroblasts, and 
chromatophores (Alibardi, 2011; Lott et al., 2018). The 
chromatophores contain a specific type of pigment that 
gives the tone or skin colour, which varies depending 
on the density of the chromatophores and their shape 
(Alibardi, 2011; Lott et al., 2018; Goda and Kuriyama, 
2021).

In this way, the differences of skin colouration of C. 
latirostris (Fig. 1) may be due to the fact that dark–skin 
caimans have a higher density of chromatophores than 
light–skin caimans (Alibardi, 2011). The reported 
susceptibility of the light skin colour caimans to suffer 
conjunctivitis and dermatitis (Fig. 5) could be attributed 
to a lower density of chromatophores present in their 
skin, which may result in less retention of provitamin 
A (pigment carotenoids obtained from diet; Elkan 
and Cooper, 1980; Conley et al., 2018), making 
them vulnerable to suffering hypovitaminosis A and 
subsequently, may cause alterations in the mucosal 
surfaces associated with decreased cellular and humoral 
immunity to potential pathogens present in the animal’s 
environment opening the door to further invasion by 
other opportunistic microorganisms that may cause 
the lacrimal duct obstruction, hyperkeratosis of the 
lacrimal gland, metaplasia, ataxia, stomatitis, lethargy, 
or anorexia, among others (Ariel et al., 1997; Buenviaje 
et al. 1998a, b; Alibardi, 2011; Conley et al., 2018; Lott 
et al., 2018; Nevarez, 2019).

Many species alter skin colour to varying degrees and 
by different mechanisms (Kirshner, 1985; Hoglund and 
Winberg, 2000; Stuart-Fox and Moussalli, 2008; Mack 
and Beaty, 2022). Merchant et al. (2018) and Staniewicz 
et al. (2018) affirm that members of the Family 
Crocodylidae and Gavialidae can modify their skin 
colouration in response to environmental conditions 
such as light, background, temperature or even by the 
social interaction. However, this fact can be excluded 
because all animals used in this study were raised under 
the same ambient conditions (stoking density, colour of 
background, temperature, diet, and light; see above). In 
addition, Merchant et al. (2018) also said that members 
of the Family Alligatoridae as Caiman latirostris does 
not possess the ability of alter their skin colour, letting 
us affirm that the skin colour in these animals is a 
genetic characteristic.

The body condition of C. latirostris is a phenotypic 
attribute that may be influenced by genetic characteristics 
from parental and/or the breeding environment (Bagatto 
et al., 2012) and not health status. This can be observed 
in the body mass and length of diseases in caimans 
(light skin and dark skin), which were shorter and less 
heavy than the healthy caimans (Figs. 6, 7). This is a 
consequence of infections and diseases in crocodilians 
causing loss of appetite, lethargy, and anorexia, slowing 
the growth of animals and increasing the negative 
impact of diseases (Webb and Manolis, 1983; Buenviaje 
et al., 1994).

The reported observations here suggest that light skin 
caimans, due to their lower density of chromatophores in 
the skin, may accumulate a reduced amount of provitamin 
A. This could potentially result in hypovitaminosis A, 
making them more susceptible and prone to skin and 
eye diseases. Light skin colour has been observed to 
serve as a beneficial mechanism for preventing certain 
nutritional deficiencies, conjunctivitis, and dermatitis 
in crocodilians. These diseases have been documented 
in other farmed crocodilian species and have been 
identified as significant causes of economic losses. 
In some instances, these losses can reach up to 50%, 
resulting in animal mortality, deterioration of meat 
quality, damage to hides making them unsellable, or a 
reduction in selling price. Consequently, the presence 
of light skin colouration can help mitigate these issues 
and contribute to overall healthier and more valuable 
crocodilian populations (Cott, 1961; Millichamp et al., 
1983; Jacobson et al., 1989; Newton, 1992; Stuart, 1993; 
Buenviaje et al., 1998a; Boede, 2000; Huchzermeyer, 
2003; Burgstahler et al., 2008). 

Early detection of diseases in crocodile farms is crucial 
as it enables the identification of animals that, despite 
appearing healthy, may be more susceptible to disease 
due to specific phenotypical characteristics, such as skin 
colour. These individuals should be placed in quarantine 
and closely observed. This proactive measure helps 
prevent the spread of diseases, allows for timely 
intervention and treatment, and facilitates adjustments 
to the diet provided to the animals if necessary.

Through the separation of animals prone to disease, 
special treatments can be employed to facilitate their 
recovery, without the need to subject healthy individuals 
to the same process. This approach helps avoid stress to 
the animals and reduces production costs. To facilitate 
the recovery of affected animals, it is possible that 
the quality of skins produced for the fur industry may 
be lower, and the meat may become unsuitable for 
consumption due to disease-related damage (Buenviaje 
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et al., 1997; Huchzermeyer, 2003). This contributes 
to an economic loss to crocodile farms, while also 
directly impacting the local communities who benefit 
economically from the management and conservation 
programs, because decrease in conservation incentives 
is a significant factor to consider. This study can provide 
valuable insights for broad-snouted caiman farmers. 
However, it would be interesting to expand the research 
to other commercially bred crocodilian species. 
Additionally, histological, and molecular techniques can 
be utilised to identify the pathogens affecting the animals. 
Analysing the vitamin content of the diets is crucial to 
fully understand the relationship between vitamins, skin 
pigments, and diseases. This comprehensive approach 
will contribute to a better understanding of the complex 
interactions between these factors.
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