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RESUMO 

 

ALVARADO BARBOZA, G.J. Estudo experimental e caracterização anátomo-
histopatológica, clínico-patológica e comportamental da quitridiomicose em 
Lithobates vibicarius nas terras altas da Costa Rica. 2019. 185 f. Tese 
(Doutorado em Ciências)  Faculdade de Medicina Veterinária e Zootecnia, 
Universidade de São Paulo, São Paulo, 2019. 
 

O fenômeno global de declínio das populações de anfíbios tem sido bem descrito e 

documentado. Há um consenso entre a comunidade cientifica de que o evento 

ocorreu simultaneamente em diversos países do mundo, sendo que o que distingue 

a natureza desse fenômeno é a sua ocorrência em áreas protegidas e intocadas. Na 

Costa Rica existe um grupo de sete espécies de anuros, Lithobates vibicarius,

Craugastor ranoides, C. taurus, Agalychnis lemur, A. annae, Ptychohyla legleri e

Incilius holdridgei, que se caracterizam por terem populações reduzidas ocupando 

áreas geográficas muito pequena. L. vibicarius é uma espécie endêmica de áreas de 

planalto da Costa Rica e oeste do Panamá. Na década de 90, acreditava-se que o L. 

vibicarius estava extinto devido ao Batrachochytrium dendrobatidis (Bd), porém, 

recentemente esta espécie recomeçou a recolonizar a Costa Rica se estabelecendo 

em dois locais restritos. Atualmente, uma dessas populações está bem inserida no 

Parque Nacional Juan Castro Blanco, aparentemente com um grande número de 

indivíduos adultos, jovens e girinos em suas estações reprodutivas e, ao que tudo 

indica, constituindo uma população saudável. O estudo dessas populações 

características permite conduzir diferentes avaliações sobre a susceptibilidade 

destas ao Bd, assim como análises inovadoras para obter informações para um 

programa de manejo. Antes de considerar um programa de translocação ou de 

reintrodução de L. vibicarius, é necessário verificar sua resistência e sobrevivência 

quando exposto ao Bd. Assim, usamos uma das cepas do fungo isolada em um dos 

locais com maior potencial para reestabelecer uma população desta espécie. O 

objetivo do presente trabalho foi construído na premissa de que diversas espécies 

de anfíbios da Costa Rica tiveram declínios populacionais causados pela 

quitridiomicose. Dessa maneira, por meio de estudos anátomo-patológicos, clínico-

patológicos e comportamentais buscamos investigar as diferentes fases de infecção 

do Bd na espécie de interesse. Instalações foram criadas, assim como 

procedimentos padrões para assegurar o bem estar animal durante todo o processo 



de infecção experimental. Os resultados obtidos mostraram que L. vibicarius foi 

competente para resolver os sinais clínicos em um período de duas semanas pós 

infeção e em oito semanas mais de 80% dos animais haviam eliminado o Bd, como 

sugerido pelas análises histopatológicas e moleculares. Não houve alterações 

anátomo-patológicas, hematológicas ou comportamentais diretamente associadas 

com a infecção experimental. Os resultados indicam que a infecção por Bd em L. 

vibicarius é auto limitante com baixa morbidade e sem mortalidade. Desta forma, os 

resultados aqui apresentados sugerem que não é possível atribuir o declínio dessas 

espécies a quitridiomicose baseado apenas nos diagnósticos da infecção, apesar da 

mortalidade observada em vida-livre na década de 90s. Estudos complementares 

são necessários para desvendar os diversos aspectos relacionados com esta 

mortalidade in situ  

Palavras-chave: Lithobates vibicarius. Batrachochytrium dendrobatidis. Infecção 
experimental. Quitridiomicose. 

 



ABSTRACT 

 

ALVARADO BARBOZA, G.J. Experimental study and anatomo-histopathological, 
clinico-pathological and behavioral characterization of chytridiomycosis in 
Lithobates vibicarius in the highlands of Costa Rica. 2019. 185 f. Tese 
(Doutorado em Ciências)  Faculdade de Medicina Veterinária e Zootecnia, 
Universidade de São Paulo, São Paulo, 2019. 
 

The global phenomenon of the amphibian declines has been well described and 

documented There is a consensus made by the scientific community that this event 

occurred simultaneously in many countries around the world. What makes the nature 

of this phenomenon distinctive is that it occurs in protected and pristine locations. In 

Costa Rica there is a group of seven species of frogs with a low number of 

individuals in their populations and restricted to a very small geographic area;

amongst them Craugastor ranoides, Craugastor taurus, Agalychnis lemur, 

Agalychnis annae, Ptychohyla legleri and Incilius holdridgei. Another species that 

belongs to this group is Lithobates vibicarius, which is endemic from the highlands of 

Costa Rica and western of Panamá. During the 90's it was presumed to be extinct 

and this was attributed to Batrachochytrium dendrobatidis (Bd), but recently started 

to recolonize and established relict populations in two sites of Costa Rica. Nowadays, 

a relict population seems to be well established at the Juan Castro Blanco National 

Park (JCBNP), since it appears to have a high number of adults, juveniles and 

tadpoles over its reproductive seasons and in appearance seems to be a healthy 

population. All these characteristics facilitate the use of individuals of this species 

population to obtain biological samples for different Bd-susceptibility evaluations, and 

innovative analysis to obtain robust information on how to implement a management 

program. Before considering a translocation program or the reintroduction of the

species Lithobates vibicarius, it is necessary to verify its resistance and survival

when exposed to Bd. Thus, we use one of the isolated strains in one of the most 

potential sites for the reestablishment of this species population. The objective of this 

study was built on the premise that many amphibian species from Costa Rica had 

population declines caused by chytridiomycosis. Thus, through anatomo-

histopathological, clinico-pathological and behavioral studies, we seek to investigate 

the different phases of Bd infection in the species of interest. We established 

adequate facilities and standardized operating procedures in order to ensure animal 



welfare and to obtain high quality generated data during the process of experimental 

infection. The results obtained showed that L. vibicarius was competent to resolve 

the clinical signs presented in a two week period and within 8 weeks, more than 80% 

of the animals had eliminated the Bd, as suggested by histopathologic and molecular 

analysis results. There are no indications of anatomo-pathological, hematologic or 

behavioral alterations directly associated with the experimental process of infection. 

Based on our results, Bd infection in L. vibicarius is self-limiting with low morbidity 

and no mortality. Thus, the results presented here suggest that it is not possible to 

attribute the decline of these species to chytridiomycosis based only on the 

diagnoses of the infection, despite the mortality observed in wild in the 90s. 

Complementary studies are needed to uncover the various aspects related to in situ 

mortalities. 

Keywords: Lithobates vibicarius. Batrachochytrium dendrobatidis. Experimental 
infection. Chytridiomycosis. 
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1 GENERAL INTRODUCTION 

 

In the year 2000, the concept Anthropocene was first used by the Nobel Prize 

winner for Chemistry, Paul Crutzen. This proposal started to gain strength since its 

publication in some of the major journals since 2008 (Crutzen, 2002; Crutzen and 

Stoermer, 2000; Pievani, 2014; Steffen et al., 2011). The reason why this concept 

began to be implemented is due to the significant global impact human activities 

caused to the planet and the accelerated environmental changes that it has been 

subjected to (Glikson, 2013; Thomas, 2013; Zalasiewicz et al., 2011). In 2009, 

planetary boundaries were proposed as a conceptual framework to evaluate the 

of action (Rockström et al., 2009). One of the limitations that causes the most 

uncertainty, and the one that set us out of the safe zone, is related to the biosphere 

integrity, in terms of its genetic and functional diversity and preservation (Rockström 

et al., 2009; Samper, 2009). 

Nowadays, we are living an unprecedented biodiversity loss throughout 

human existence, never registered before (Barnosky et al., 2011; Pievani, 2014; 

Wake and Vredenburg, 2008). It has been suggested with substantial evidence that 

we are experiencing a massive extinction event, to which all our attention should be 

directed. Several scientists think that the main cause is global climate change (Alford 

et al., 2007; Li et al., 2013; Pounds, 2001; Pounds et al., 2006). Just like the global 

warming effect alters many other aspects, such as the destruction and modification of 

habitats that are provoking extinctions, most of them are directly related to human 

activities (Daszak et al., 2001; Daszak and Cunningham, 2003). The Global Living 

Planet Index (LPI) measures biodiversity levels through data compilation of several 

vertebrate populations of species; it also estimates the average change level 

throughout time. Currently, the global LPI is an important indicator of the ecological 

condition of the planet (WWF, 2016). From 1970 to 2012, the LPI shows a general 

decrease of 58% in the abundance of vertebrates (WWF, 2016). 

Even though marine and terrestrial vertebrate databases have been enriched 

and updated with new information, the strongest decline has affected mainly 

freshwater species, which heavily influences other global vertebrate reductions 

(WWF, 2016). For the past 40 years, the effect has extended to one of the most 



prominent vertebrate groups of these habitats: the amphibians (Hoffmann et al., 

2010; Stuart, 2004). The amphibian population reductions started to be quite evident 

in some species that were being monitored in a systematic way at the end of the 80s; 

this especially in tropical areas of the world (Blaustein and Wake, 1995; Lips, 1999, 

2005; Pounds and Crump, 1994; Wake, 1991). In 1989, the I World Congress of 

Herpetology was held in Canterbury, United Kingdom. In that moment, herpetologists 

of various regions of the world communicated and realized that the same population 

trends of several amphibian species were happening in different regions of the globe 

(Phillips, 1990). Naturally, the sites where most tropical amphibian species were 

located, became the focal points of population disappearances throughout a diversity 

of species (Hero and Morrison, 2004; Lips, 1998, 2005; Mendelson et al., 2006). 

 

1.1 DECLINES AND DISAPPEARANCES OF AMPHIBIANS  

 

After those first signs, we began to register the best documented massive 

amphibian decline  for all vertebrate groups of the modern era (Mendelson et al., 

2006; Scheele et al., 2019; Wake and Vredenburg, 2008). Currently, it has been 

established that around 40% of these amphibian populations have presented a 

phenomenon in decline, and by 2008, 36 species were already declared extinct by 

the International Union for Conservation of Nature - IUCN (Jiménez and Alvarado, 

2017). Among the frogs that were declared extinct are  Craugastor escoces, Incilius 

holdridgei and I. periglenes. These are frogs endemic to Costa Rica, and last seen in 

1986 (first two) and 1989 (last mentioned). The golden toad (Incilius periglenes), 

which came from the cloud forests of Costa Rica in Central America (Crump et al., 

1992; Pounds and Crump, 1994), together with the southern gastric brooding frog 

(Rheobatrachus silus), that came from the southeast of Queensland in the 

subtropical region of Australia, have become iconic cases of amphibian declines 

around the world (Blaustein and Wake, 1995; Hines et al., 1999). 

Along with the climate change and the destruction of their habitats, one of the 

biggest causes associated with this amphibian population decline worldwide is the 

disease known as chytridiomycosis (Pessier et al., 1999). This disease is caused by 

a chytrid fungus called Batrachochytrium dendrobatidis (Bd) (Longcore et al., 1999), 

which is present worldwide (Adams et al., 2010; Berger et al., 2016; Matthew C 

Fisher et al., 2009; James et al., 2009; Rödder et al., 2009). Bd has been associated 



with various massive death events and the severe reduction of amphibian 

communities, that globes different species and continents (Cheng et al., 2011; 

Johnson, 2006; Lips, 1999; Lips et al., 2008; Lotters et al., 2009; Rosa et al., 2013). 

This species of chytrid was first described in 1999, a year before the first 

chytridiomycosis cases were reported in Central America and Australia for this 

disease (Berger et al., 1998). 

 

1.2 Batrachochytrium dendrobatidis AS A POTENTIAL PATHOGENIC AGENT 

 

Chytridiomycosis is a cutaneous infection known for being a threat to 

amphibian populations in the wild (Berger et al., 2016, 1998) and in captivity (Pessier 

et al., 2014, 1999). This fungus is frequently located in the stratum corneum of the 

digit and superficial ventral areas (especially in the pelvic patch), and least frequent 

in their dorsal surfaces (Berger et al., 2005c, 1998; Pessier et al., 1999; Puschendorf 

and Bolaños, 2006). Its zoosporangium is the fungal structure that can be identified 

microscopically in the keratinized layers of the epidermis, as spherical structures 

These structures eliminate the motile zoospores (Longcore et al., 1999), which 

eventually get in contact with a susceptible host, penetrate the skin and begin an 

infection (Greenspan et al., 2012; Pessier et al., 1999). Thus, this fungus invades the 

keratinized areas of the skin of juvenile and adult individuals; they can also be found 

in the mouthparts of larvae (Berger et al., 2005a; Piotrowski et al., 2004). 

 Bd is a chytrid that colonizes the skin of amphibians and interrupts their 

physiology, causing electrolytic imbalances in the individual (Campbell et al., 2013; 

Voyles et al., 2009, 2007). Skin injuries are commonly present together with a 

hyperplasia and hyperkeratosis of the stratum corneum and stratum granulosum 

(Berger et al., 2005c, 1998). In terms of mild injuries in clinically normal amphibians, 

it is possible to locate a aggregation of organisms, in which the focal hyperkeratosis 

is observed; whereas in lethal infections, hyperkeratosis is usually distributed 

throughout the skin of the affected individual (Berger et al., 2005c). The thickness of 

the epidermis varies, including sometimes extensive thinning areas, which make 

possible to observe one or two-cell layers in some anurans (Berger et al., 2005c, 

2000). 

Other types of reported injuries include disorganized epidermal cell layers, 

spongiosis, erosions and occasional skin ulcerations (Berger et al., 2005c, 2005b, 



2000, 1998; Pessier et al., 1999). An increase on the number of mitotic figures has 

also been reported (Davidson et al., 2003). Epithelial necrosis is frequently observed 

in stratum basale or stratum spinosum cells, in which these cells present a pyknotic 

nucleus and an enlarged and pale cytoplasm. Occasionally, this vacuolar 

degeneration leads to an epidermal detachment and ulcerations (Berger et al., 2000). 

Usually, it only shows a moderate inflammatory response, which slightly increases 

the amount of mononuclear cells in the dermis. Lymphocyte, macrophage and few 

neutrophil aggregations are located in the surface of the affected dermis, particularly 

in the ulcerated areas. At times, inflammatory cells are observed in the epidermis 

(Pessier et al., 1999). 

Amphibians are the only recognized Bd vertebrate hosts. This pathogen 

shows low specificity, thus managing to affect a great number of amphibian species 

(Daszak and Cunningham, 2003). However, not all amphibian species might appear 

to be equally susceptible to chytridiomycosis; some species might resist it even if 

they have been infected by Bd. Examples of resistant species include two frogs that 

have been introduced by humans to different continents: Xenopus laevis and 

Lithobates catesbianus. These frogs could be seen as potential vectors of this fungal 

pathogen (Daszak and Cunningham, 2003; Davidson et al., 2003; Hanselmann et al., 

2004; Lane et al., 2003; Mazzoni et al., 2003). 

 

1.3 DISAPPEARING AND REAPPEARING FROGS IN COSTA RICA 

 

In Costa Rica, around twenty species were considered missing and probably 

extinct in the 90s, and it has always been suggested to be a strong presence of Bd in 

practically all areas of the country, just like there has always been liability attributed 

to Bd for the surgence of this phenomenon (Bolaños, 2009). In Costa Rica, as well as 

in the neotropics, the most threatened amphibians are the ones that inhabit 

mountainous zones, and the most worrying aspect is that many of these regions 

correspond to pristine areas (Becker and Zamudio, 2011; Lotters et al., 2009; 

Puschendorf et al., 2009, 2006a). There are two amphibian groups that declined 

severely. One of them corresponds to the Central American Stream-breeding frogs, 

C. punctariolus (Hedges et al., 2008), the other is the harlequin frog group from the 

genus Atelopus (McCaffery et al., 2015; Puschendorf et al., 2005). Both frog species 

were located in fast-moving water streams in the highlands of Central America 



(Savage, 2002). Alongside them was Lithobates vibicarius, one of the most common 

ranid that inhabited along the Costa Rican mountain ranges and the east of Panama 

(above 1 500 m.a.s.l.). This species was last collected in 1990 (Zoology Museum 

database, School Biology, University of Costa Rica), in Las Tablas Protected Zone in 

Costa Rica, near the border with Panama. 

In the year 2002, we have the first reappearance of tadpoles for Lithobates 

vibicarius at the Children´s Eternal Rainforest. Afterwards, they were raised in 

laboratory conditions in the Tropical Science Center, and then, their species was 

confirmed. Currently, two relict populations might appear to be well established; the 

first one in the mountainous area on the eastern part of the Tilarán Mountain Range 

(Santa Elena Cloud Forest Reserve, Monteverde Reserve of Tropical Science 

Center, Children´s Eternal Rainforest, Alberto Manuel Brenes Biological Reserve of 

University of Costa Rica and Arenal Volcano National Park). The second population 

was located at western section of the Central Volcanic Mountain Range (Juan Castro 

Blanco National Park - JCBNP). In both areas, there might be some populations with 

a significant quantity of adults, juveniles and tadpoles; besides, they appear to be 

completely healthy communities (Alvarado et al., data unpublished). All these 

characteristics facilitate the use of individuals from this species population to obtain 

biological samples for the conducing different Bd evaluations and innovative analysis 

to obtain robust information about how to improve the health of the species. 

Several groups of local people (NGOs) are making a significant effort to 

preserve the areas where some of these populations currently inhabit. Nonetheless, 

in the last three years of monitoring Juan Castro Blanco National Park´s population, 

we noticed that one of the lakes where these species reproduces was invaded by a 

human settlement; this lake is nowadays the habitat of various domestic animals. 

The other lakes that are located around this national park present the same risks 

because they are located in places where the agriculture and cattle industry are 

present. For these reasons, the possibility of losing these breeding zones at any 

moment cannot be ignored.  

During the 70s, one of the last highest wetlands of our country was drained 

because of the livestock industry there, and unfortunately, this was perhaps the main 

breeding area for the vibicaria. We found out that two more lakes were drained in the 

last ten years; these zones are used nowadays for agriculture as well. Due to all 

these reasons, along with the presence of pathogenic agents in these areas, such as 



Bd, this population faces a series of threats that may terminate their existence. It is 

risky to think that the few existing breeding places in the JCBNP may be sufficient to 

sustain this amphibian population; not to mention, the noticeable changes in our rainy 

season and the corresponding temperatures that are indispensable during the 

breeding cycle of this species. L. vibicarius represents a unique opportunity to 

understand why this species, thought to be extinct, has survived and recovered in 

this place after its drastic population decline in Costa Rica during the 90s. 

 

1.4 ARE Lithobates vibicarius AND RELICT SPECIES OF AMPHIBIANS 

RESISTANT TO Batrachochytrium dendrobatidis? 

 

Before considering a translocation program or the reintroduction of the 

Lithobates vibicarius species, it is necessary to verify its resistance and survivorship 

when exposed to Bd. Thus, we decided to use one of the isolated strains of Bd in one 

of the most potential sites for the reestablishment of this species population. This 

way, we could not only define, through pathological, clinico-pathological and 

behavioral characterization studies, the different phases of the Bd infection, but also 

we could validate the use of this species as a candidate organism for the application 

of techniques such as the reintroduction or translocation. The main objective is based 

on the assumed premise that many amphibian species in Costa Rica had population 

declines caused by chytridiomycosis. 

The different studies on virulence and pathogenicity of Bd (Berger et al., 

2005b; Matthew C. Fisher et al., 2009; Refsnider et al., 2015; Sun et al., 2011), 

peptides in the skin of these animals (Apponyi et al., 2004; Carey et al., 1999; 

Conlon, 2011; Conlon et al., 2011; Rollins-Smith, 2009; Rollins-Smith et al., 2002), 

and their microbiome (Jiménez and Sommer, 2017; Kueneman et al., 2014; Rebollar 

et al., 2016; Walke and Belden, 2016) are amongst the most detailed. However, host-

pathogen studies, where individual response as a host is evaluated, are still scarce. 

The difficulty of establishing adequate facilities and standardized operating 

procedures, as well as the daily maintenance of the animals, act as challenging 

obstacles in the development of experiments where all variables involved can 

influence the quality of the obtained results. Integral host evaluation is a fundamental 

part of formulating reliable conclusions on health impact (Fonzar and Langoni, 2012; 

Gervasi et al., 2013; Peterson et al., 2013; Searle et al., 2011; Van Rooij et al., 2015; 



Voyles et al., 2011; Young et al., 2014). The presence of lesions, along with the 

etiological agent, also become crucial in order to determine the occurrence of the 

disease (Berger et al., 2005c; Brannelly et al., 2016). 

 

1.5 A MAIN CHALLENGE: CREATING AND ESTABLISHING THE EXPERIMENTAL 

INFECTION FACILITIES. 

 

Along with the research task itself, emerged one of the greatest challenges of 

this work process: the creation of a laboratory that encompasses the best conditions 

to maintain and execute the experimental infection process. The design of animal 

facilities, together with its adequate housing and management, are essential to reach 

the highest animal welfare standards, the quality of this investigation, animal 

production, any educating process that involves animals, staff health and security 

measures. An adequate program must provide the corresponding environments, 

housing and proper husbandry of any animal species, taking into consideration their 

physical, physiological and behavioral necessities, that allow them to grow, mature 

and reproduce normally, while guaranteeing their health and welfare. 

Amphibians are poikilothermic animals, and their core temperature varies with 

the environmental conditions that surround them; this limits their ability to 

metabolically maintain their core temperature. The staff that would work with 

poikilothermic and aquatic animals must be familiarized with the handling conditions 

they require. Like in terrestrial systems, the microenvironment of an aquatic animal 

corresponds to the physical environment that surrounds it with an enclosure, such as 

the tank. This contains all the resources animals are in direct contact with; besides, it 

microenvironments are characterized by many factors, including the quality of water, 

illumination, acoustic, vibrations, temperature and humidity. The physical 

surroundings of a secondary enclosure, such an experimental room, represent a 

macro environment. The conditions of microenvironments can directly affect the 

physiological and behavioral procedures of animals and might alter significantly their 

susceptibility to diseases (National Research Council, 2011; Schmeller et al., 2011).  

Husbandry conditions and experimental procedures were performed by the 

Laboratory of Experimental and Comparative Pathology of the School of Biology of 

the University of Costa Rica (Fig. 1). This laboratory has two structural independent 



experimental rooms, and they were created exclusively for the development of this 

project. These macro environments or experimentation rooms register a mean 

temperature of 19.22 ± 1.12 °C and a mean relative humidity of 92.74 ± 6.70 %. The 

data obtained from these two variables was measured and registered every hour with 

an Arduino microprocessor, together with temperature and humidity sensors. The 

walls of the macroenvironments were built with a fiberglass layer of 10 cm thick to 

isolate the acoustic and enviromental vibrations. The paint on the walls has a high 

resistance to humidity; the ceiling was also selected based on its high capacity of 

acoustic insulation and moisture resistance. The entrance of natural light was 

completely blocked at the door (Fig. 2). 

Frogs were placed in individual transparent glass tanks (50l x 25w x 35h cm, 

37.85 L). Also, they have been exposed to a 12 hour automated photoperiod, which 

was made up by led hose lights (IP67 Sylvania) and a timer, located approximately 

25 cm above the tanks. Inside each tank, there are two levels: a first level of 8 cm of 

water; above, it has a 10 cm high platform (23 x 30 cm) that constitutes the second 

level that covers 60% of the water surface. This platform is lined with natural fiber 

paper towel as substrate. In the back left quadrant of the platform, there is a plastic 

flower pot (13 diameter x 13h cm) with an opening cut (10h x 7w cm), that works as 

shelter. The plastic pot is inverted, and the top is used by the animals as a third level 

(Fig. 1). Each tank is fed water through individual pipes that are connected to a filter 

tank and a draining system with individual stopcocks. Also, there are water mist 

nozzles installed over every platform that are regulated by solenoid valves that 

activated at 15.00, 17.00 and 19.00 h for 30 s (Fig. 3, 4). The enclosures are 

arranged in functional modules of 24 units that have main water connections for 

facilitated cleaning, an automated misting system, as well as the main collector 

drains (Fig. 5, 6). 

Water used for husbandry and in experimental activities was first passed 

through two types of filters, a conventional one as a physical method (G0058-02, 

Purefer), and one with a micro-granular carbon cartridge (UDF- GAC- 2in1, Purefer), 

in order to reduce the presence of microorganisms and to eliminate components like 

chloride in the water. The main water tank is located inside the laboratory, so there 

are no changes in water temperature (Fig. 7). Every week, we replaced the paper 

towel and completely cycle out the old water with any organic material it may contain. 

The frogs were fed every 48 hours with adult crickets exclusively - Acheta domestica 



(one cricket if the individual is < 30g; two crickets if the individual is . These 

crickets were raised in the laboratory and maintained on a strict and permanent ad 

libitum diet of chicken feed (Ponedora 18% Golden, Mundi Vet  Dos Pinos), carrots, 

broccoli and oranges. Any cross-contamination between the infected and control 

animal modules was prevented by using individualized protection equipment for each 

division; for instance, wearing new gloves when having contact with each tank, and 

always working with the control group a day before any experimental procedure on 

the exposure group and two days before maintenance. 

It was mandatory to adapt the previously described conditions in order to 

ensure the animal welfare and to obtain high quality generated data during the 

process of experimental infection. The idea was to provide the best appropriate 

conditions not only for the Lithobates vibicarius, but also for the Batrachochytrium 

dendrobatidis, with the objective of eliminating the influence the environment could 

have over the host-pathogen interaction on the experimental infection and this way 

guaranteeing the reproducibility of this process. 

The corresponding housing strategies for a specific species must be 

developed and implemented for the animal care and husbandry, along with the user 

and veterinary advisory. Every step must be carefully revised by the Institutional 

Animal Care and Use Committee. The housing must provide healthy conditions and 

welfare to the animal by being consistent in its use. Seeking out counseling is very 

important when housing new species or when there are specific requirements 

associated with animals and their use. Objective evaluations must be conducted in 

order to demonstrate suitability in environment, housing and animal management. In 

addition, it is essential to state the standardized operational procedures for the 

laboratory, in order to ensure coherence at the moment of managing and caring for 

the animals. 

Our biomodel, Lithobates vibicarius is a frog with a historical distribution range 

that covered the high mountains of Costa Rica in their entirety (Savage, 2002). That 

range started decreasing until it disappeared, placing the species in a critical 

endangerment by the IUCN in 2004. However, this species has recovered a great 

deal since then and began a process of re-evaluation to be now a vulnerable 

species, according to the IUCN in 2013 (IUCN SSC Amphibian Specialist Group & 

NatureServe, 2013). This species stands a rare opportunity to evaluate aspects of 



defense mechanisms a host activates when exposed to an endemic strain of Bd from 

Costa Rica.  

 

  



Fig. 1. Panoramic view of the experimental area of the Laboratory of Experimental 
and Comparative Pathology (LAPECOM), School of Biology. University of Costa 
Rica. A. Main water tank and insect production unit. B. Working area. This laboratory 
was designed and built based on the project that represents these thesis. 



Fig. 2. Animal experimental room with two functional modules of the Laboratory of 
Experimental and Comparative Pathology (LAPECOM), School of Biology. University 
of Costa Rica. A. View towards the back B. View towards the front. This laboratory 
was designed and built based on the project that represents these thesis. 



F
ig

. 
3

. 
M

ic
ro

en
vi

ro
n

m
en

ts
 d

e
si

gn
e

d
 e

xc
lu

si
ve

ly
 f

or
 L

ith
o

ba
te

s.
 A

. P
ip

e
lin

e
 fo

r 
w

at
e

r 
m

is
tin

g 
sy

st
e

m
. 

B
. 

P
ip

e
lin

e
 fo

r 
w

at
e

r 
w

a
sh

in
g 

sy
st

e
m

. 
C

. 
B

. D
ra

in
a

ge
 p

ip
e

lin
e

. 
D

. 
F

irs
t 

le
ve

l. 
E

. 
S

e
co

nd
 le

ve
l. 

F
. T

h
ird

 le
ve

l. 



F
ig

. 
4

. V
ie

w
s 

o
f 

th
e

 m
ic

ro
e

n
vi

ro
n

m
en

t 
de

si
gn

e
d

 fo
r 

L
ith

o
b

at
e

s.
 A

. 
B

a
ck

 v
ie

w
. 

B
. L

ef
t 

si
de

 v
ie

w
. 

C
. 

T
o

p
 v

ie
w

. 
D

. R
ig

ht
 s

id
e

 v
ie

w
. 

E
. 

F
ro

n
ta

l v
ie

w
.



 

F
ig

. 
5

. 
F

u
n

ct
io

n
a

l m
od

u
le

 d
e

si
gn

e
d

 fo
r 

L
ith

o
ba

te
s.

 A
. 

C
om

p
le

te
 p

rim
a

ry
 e

nc
lo

su
re

. 
B

. 
F

u
n

ct
io

n
a

l m
od

u
le

 f
ro

n
ta

l v
ie

w
. 

C
. 

M
a

in
 

p
ip

e
lin

e
 fo

r 
th

e
 w

a
sh

in
g 

sy
st

e
m

. D
. L

ed
 L

ig
h

ts
. 

E
. 

M
a

in
 p

ip
e

lin
e

 fo
r 

th
e

 a
u

to
m

at
e

d
 m

is
tin

g 
sy

st
e

m
. 

F
. 

M
a

in
 c

o
lle

ct
o

rs
 d

ra
in

s.
 



 

F
ig

. 
6

. 
F

u
n

ct
io

n
a

l m
od

u
le

 d
e

si
gn

e
d

 fo
r 

L
ith

o
ba

te
s.

 A
. 

C
om

p
le

te
 p

rim
a

ry
 e

n
cl

os
u

re
. 

B
. 

F
u

n
ct

io
n

a
l m

od
u

le
 b

a
ck

 v
ie

w
. 

C
. 

M
a

in
 

p
ip

e
lin

e
 fo

r 
th

e
 a

u
to

m
at

e
d

 m
is

tin
g 

sy
st

e
m

. 
D

. M
a

in
 p

ip
e

lin
e

 fo
r 

th
e 

w
a

sh
in

g 
sy

st
e

m
. E

. 
M

a
in

 c
o

lle
ct

o
rs

 d
ra

in
s.



Fig. 7. A. Washing area and B. Filtering, storage and distribution water system of 
Laboratory of Experimental and Comparative Pathology (LAPECOM), School of 
Biology. University of Costa Rica. This laboratory was designed and built based on 
the project that represents these thesis.
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2.1 HIGHLIGHTS 

 

 Costa Rica represents, in a small scale, the global amphibian decline.  

 Lithobates vibicarius represents a historical process shared with various frogs 

around the world. 

 Lithobates vibicarius associates concepts related to both Lazarus species and 

umbrella species. 

 Craugastor escoces opens an ethical debate on the final destination of a 

species. 

 Ex situ conservation must be completely associated with an in situ program. 

 

2.2 ABSTRACT 

 

The global panorama of the amphibian declines has been well described and 

documented There is a consensus made by the scientific community that this 

phenomenon occurred simultaneously in almost all countries. What makes the nature 

of this phenomenon distinctive is that it occurs in protected and pristine locations. 

Costa Rica and Lithobates vibicarius both give us the opportunity to represent a 

global process. We have documentation of this species from the 60s to present day 

for the discussion of concepts associated with conservation in an applied and 

practical manner. The importance of museums, the reparation process of some 

species of frogs in the past 15 years, the dynamic in species conservation status as 

the ever-



ecological dynamic, the direct anthropogenic impact, events like ENSO, the 

critical danger, are all events associated with our conservation program and the 

investigation carried out on the species. The paper also presents an ethical debate 

regarding the final destination of a Lazarus species and the reevaluation of the efforts 

for and importance of ex situ conservation. Costa Rica has been the epicenter of one 

of the main amphibian declines and the Green-Eyed Frog stands as the embodiment. 

 

Keywords: Amphibian conservation, Lithobates vibicarius, Lazarus species, Ex situ 

conservation. 

 

2.3 INTRODUCTION 

 

Probably the best documented massive decline in a group of vertebrates 

recorded in modern age corresponds to that experimented by the amphibians 

(Hoffmann et al., 2010; Mendelson et al., 2006; Scheele et al., 2019; Stuart et al., 

2004). By the end of the eighties and early nineties, there was a clear establishment 

of the phenomenon of population decline and loss amongst amphibians in different 

places around the world, for which no clear causality had been determined (Alford et 

al., 2007; Blaustein et al., 2011; Blaustein and Wake, 1995; Lips et al., 2005; 

Longcore et al., 2007; Phillips, 1990; Pounds et al., 2006; Wake, 2012, 1991). The 

pinnacle of this documentation took place in the first decade of the 2000s when 36 

species of frogs had been declared extinct worldwide by the IUCN (Jiménez and 

Alvarado, 2017). This became further important by the large group of species 

declared critically endangered (CR), many with the expectancy of never being seen 

again (IUCN SSC Amphibian Specialist Group & NatureServe, 2013). The 

phenomenon was so alarming it became one of the greatest examples of biodiversity 

crisis any current generation has experienced (Barnosky et al., 2011; Pievani, 2014; 

Wake and Vredenburg, 2008).  

Of the 36 species, two of them became emblems for the problem; golden toad 

(Incilius periglenes) of the cloud forests of Monteverde, in the northern mountains of 

Costa Rica, and southern gastric brooding frog (Rheobatrachus silus) southeast of 

Queensland in the subtropical region of Australia (Blaustein and Wake, 1995). Both 

species had populations under constant studies when individual count dropped 



dramatically in three years to the point of registering a single individual at the time of 

the last year of monitoring; this happened in 1981 for the Australian species and then 

in 1989 for the Costa Rican species (Crump et al., 1992; Hines et al., 1999; Pounds 

and Crump, 1994). These are only two examples of species with rapid population 

disappearance, so unexpected researchers were left almost barren of a chance to 

plant an immediate hypothesis and take action (Hero and Morrison, 2004; Lips et al., 

2005). 

The declaration of extinction (EX) is the worst status to be assigned to a 

species by the IUCN. It assumes the species will never be seen alive again. 

However, eight of the 36 species of frogs have been observed in natural conditions 

around the world (Jiménez and Alvarado, 2017). The second worse position in 

conservation status for a species is critically endangered (CR); many of the 

cataloged amphibians around the world received this condition. During the last official 

evaluation done in Costa Rica in 2014, of 201 reported species, 12% (24 species) 

were cataloged to be in critical endangered status, as in, species with an incredibly 

high risk of extinction in the wild as per the criteria established by the IUCN (Chaves 

et al., 2014a).  

The pronouncement of the conservation status of a species does not act as a 

permanent and rooted label. The examples mentioned of species thought to be 

extinct only to be rediscovered and placed back on the list in time are very clear, the 

known Lazarus species (Flessa, 1983; Meijaard and Nijman, 2014). The same goes 

cataloged in critical endangered. There are several species that reappeared, in the 

case of Costa Rica, there´s documentation of seven species now placed under 

threatened when some were thought to be practically extinct in the nineties (Whitfield 

et al., 2017). Of the nine species, the one that has had a better recovery story is 

Green Eye Frog, Lithobates vibicarius one of the most abundant species in the high 

mountains of our country before the eighties (Savage, 2002). After having been 

considered extinct in the nineties, it was first evaluated as critically endangered (CR) 

until 2013 where it was reevaluated as a vulnerable species (VU) by the IUCN (IUCN 

SSC Amphibian Specialist Group & NatureServe, 2013). It is important to underline 

that this species is currently considered to possibly be extinct in Panama; as part of 

the historical distribution of the species corresponds to the west mountain zone in 

this country (Hillis and de Sá, 1988).  



 

2.4 REAPPEARANCES AND HISTORICAL RECORDS. VIBICARIA FROG AS A 

MODEL SPECIES. 

 

The institutions that have most helped in the documentation of amphibians are 

the natural history museums from around the world. For centuries, the collections 

inside these museums have provided the essential databases to formulate a 

historical perspective of distribution, diversity and general biology of species in space 

and time. These collections also have critical data for our understanding of the 

dynamics of ecosystems and any decision making regarding the conservation of 

biodiversity (Alvarado et al., 2014; Cottril, 1995).  

The Museum of Zoology of the University of Costa Rica contains specimens of 

amphibians cataloged in the 60s. L. vibicarius stands as one of the species that had 

been observed and cataloged before the Museum had obtained any register for the 

country. The data obtained from these registers details this species as one of the 

most common frogs above 1400 m.a.s.l. with a spatial distribution comprised mainly 

of the central and east of Costa Rica's Central Mountain Range. However, the 

presence of this species is also well known along the Tilarán and Talamanca 

Mountain Ranges on its Costa Rican and Panamanian side (Fig. 1).  

The population declines and losses known for this species reached a peak in 

the late eighties and early nineties. Amongst the best-documented cases were those 

of Monteverde and the Las Tablas Protective Zone in the limit between Costa Rica 

and Panama (Crump et al., 1992; Lips, 1998; Pounds and Crump, 1994). After these 

reports, there is approximately a decade of species disappearance not only in Costa 

Rica but around the world. The most alarming part was that at that moment, the 

phenomenon could not be associated with any evident cause; along with this, the 

occurrences were taking place in protected, pristine areas (Laurance et al., 1996; 

Lotters et al., 2009; Puschendorf et al., 2006b, 2006a; Ron et al., 2003; Whitfield et 

al., 2007)

real scientific explanation, many unifactorial hypotheses were established always to 

be outweighed by a multifactorial outlook (Blaustein et al., 2011; Blaustein and 

Kiesecker, 2002; Collins and Storfer, 2003). 

 

2.5 REAPPEARANCE AND LOCATION OF L. vibicarius IN NEW SITES.  



 

In the case of L. vibicarius, like other species around the world, disappeared 

from protected areas and populations that were being monitored at the time. There is 

documentation of populations that stopped being seen in the 90s in the central and 

western part of the Central Volcanic Mountain Range, Tilarán Volcanic Mountain 

Range and the periphery of the Talamanca Mountain Range. However, in the 

western part of the Central Volcanic Mountain Range, there was never constant and 

systematic monitoring of the amphibian populations. In 2002, in a central location 

within the eastern part of the Tilarán Volcanic Mountain Range, specifically in the 

Children´s Eternal Rainforest, samples of tadpoles were found and transported to 

laboratory conditions; this finding confirms the reappearance of L. vibicarius. This 

species is the first to reappear from a select group that has been cataloged as relict 

frogs of Costa Rica (Whitfield et al., 2017). After the reappearance of the Vibicaria 

frog, more reappearances for other species were being reported, including new 

reports for Incilius holdridgei and Craugastor escoces declared extinct by the IUCN in 

2004. These two complement the reappearance of eight species of amphibians that 

had been officially declared extinct in the world (Abarca et al., 2010; Jiménez and 

Alvarado, 2017).  

In order to evaluate the species status we have decided to establish three 

categories for the populations of L. vibicarius parting in 2002. First, we have 

established populations (ES) that correspond to those where all life stages have 

been observed (egg, tadpole, metamorph, juvenil, adult). The second category is 

comprised of non-established populations (NE) where only adults have been 

observed and in conservative numbers for most cases. The last category is 

composed of the cases where only one individual has been reported (SR) (Fig. 2). In 

the past years, L. vibicarius has allowed us to detail the west part of the Central 

Volcanic Mountain Range in the Juan Castro Blanco National Park, a protected site 

devoid of any register of a previous systematic search for amphibians. However, 

there are accounts of a decrease in population number for this species from 

residents of the outskirts of the park. The frog is reported in the periphery, with a later 

reduction of its populations mainly in the nucleus of the protected area; in an 

interesting way, the years reported to have been a decrease in population dynamics 

correspond to the end of the decade of the eighties and the beginning of the nineties. 



The species was documented in Juan Castro Blanco National Park in 2007 

(UCR 20246) and later in 2012 in another sector (Castro-Cruz and García-

Fernández, 2012). Since 2013, we have determined nine sites with bodies of water 

decided to separate the territory in five sectors that have been monitored. The 

sectors were established according to geographic barriers and are separated by an 

average of two 2.0 Km in a straight line. (Fig. 3).  

 

2.6 NOTES ON THE NATURAL HISTORY OF L. vibicarius.  

 

There are two reproductive events that occur throughout the year in the Juan 

Castro Blanco National Park. A first event takes place in May and the second begins 

around October, corresponding to the time of greater establishment and precipitation 

in the areas of study respectively. The reproduction that takes place in the second 

half of the year is notably more efficient based on the increasingly higher number of 

egg masses, tadpoles, and froglets in the reproduction ponds. From the beginning of 

our monitoring, 2014 stands as an exceptional year in terms of being one of the 

warmest in Costa Rica due to the effect of the ENSO (El Niño Southern Oscillation) 

phenomenon, thus progressing into the most intense drought in the past 30 years 

(IMN, 2014). That year the reproduction ponds dried out completely, putting a 

damper on reproduction for the animals near the focal sites.  

Despite the existence of a pattern in reproduction amongst the observed 

animals since 2013, it is also possible to find egg masses and tadpoles in the form of 

isolated events between April and December. In the same manner, it is not 

uncommon to find adults in distant locations during the same time frame. A 

phenomenon that has drawn our attention is the massive number of tadpoles that 

swim in aggregated regular form with complete synchrony. Both observations of this 

phenomenon consisted of a main and singular group that moved throughout the pond 

during the second period of reproduction in one of the studied sectors.  

 

2.7 RISKS IN THE CONSERVATION OF LAKES USED AS REPRODUCTION 

SITES FOR L. vibicarius. 

 



The reported sighting for L. vibicarius are within National Parks or protected 

areas, in the eastern part of the Tilarán Volcanic Mountain Range, (Santa Elena 

Cloud Forest Reserve, Monteverde Reserve of Tropical Science Center, Children´s 

Eternal Rainforest, Alberto Manuel Brenes Biological Reserve of University of Costa 

Rica and Arenal Volcano National Park). In the case of the western part of the 

Central Volcanic Mountain Range, the Juan Castro Blanco National Water Park and 

its outskirts, in particular, some of the ponds are found outside the protected areas by 

law. Local organizations (ONGs) make an effort towards preserving some of the sites 

inhabited by the species currently. However, we have documented how one of the 

main reproduction ponds was invaded by a human settlement and is now designated 

to satisfying the needs of several domestic animals. With the exception of two 

sectors (Sectors Pozo Verde and Ocotea), the remaining three sectors are located in 

the periphery of the National Park and they have a high risk of suffering the loss of 

ponds because they are also found in places dedicated to farming and agriculture. 

This means that there are five bodies of water currently used for amphibian 

reproduction with a high probability of being eliminated on account of anthropogenic 

impact at any moment.  

During the sixties, one of the largest wetlands of the high mountains of Costa 

Rica was drained in order to be used for dairy cattle. The site was probably one of 

the main reproduction sites for the species; to this day, a small remnant pond at the 

far end of the terrain still meets that purpose. We found two more ponds that have 

been drained in the past ten years for agricultural purposes. All of these causes in 

addition to pathogenic agents like Batrachochytrium dendrobatidis (Bd), the 

remarked populations wrestle with a series of threats that could terminate their 

existence (Alvarado et al., data unpublished).  

 

2.8 L. vibicarius INCITES THE SEARCH AND REAPPEARANCE OF OTHER 

SPECIES.  

 

The Green Eye Frog is one of the animals that rekindled a sense of hope that 

had been lost by the scientific community and general society, after its reappearance 

in 2002. It also promoted greater interest in monitoring of a National Park we did not 

know a whole lot about at a national level and further less internationally, the Juan 

Castro Blanco National Park. In the frame of this monitoring that continued into the 



second semester of 2016, we found a singular specimen of Craugastor escoces, a 

species that had not been observed since 1986, and declared extinct in 2004 by the 

IUCN (Jiménez and Alvarado, 2017). Most recently, the continued monitoring has 

helped with further obtaining reports of species placed under critically endangered 

(CR) on account of not being seen since 1960, an example of this is the tree frog 

Isthmohyla rivularis (Jimenez et al., 2019).  

This event reminds us the function that some of these species play in the 

design of a conservation strategy that benefits other co-occurring species and that 

can be promoted as a frame of work for the planning of conservation under the 

concept of Umbrella species (Branton and Richardson, 2010). Now, the Vibicaria frog 

is not only responsible for urging the conservation of an unknown site for science, but 

also for the rediscovery of a species declared extinct by the IUCN. This phenomenon 

reflects one of the few positive sides that the disappearance of amphibian 

populations worldwide has, which is that as we verify the number of species for that 

taxon, we can update our bases as it has probably doubled since the second half of 

the eighties, currently reaching approximately 8000 species (Amphibianweb, 2019). 

This significant increase demonstrates the revolution caused by molecular 

techniques in taxonomy (Storfer et al., 2009). However, a great part of the impact in 

the number of new species comes from the exploration of new sites in search for 

species reported as extinct or in critical endangered by the IUCN. The documentation 

beginning of the century, allowed the movement of important resources for 

investigation and in situ conservation of this group of vertebrates (Kohler et al., 

2006).  

 

2.9 Lazarus SPECIES COMPEL US TO MAKE A DECISION TOWARDS THEIR 

CONSERVATION. 

 

The reappearance of C. escoces opened the debate about where the 

individual should end up. We thought of three options regarding the course of action 

that researchers should take with individuals of Lazarus species at the point of 

rediscovery and will then discuss the implications for the conservation of these 

species (Fig. 4). Upon finding a species declared extinct and after having collected 

samples (e.g., blood and skin) through non-lethal methods to gain knowledge about 



the health status of the animals for future conservation actions (if applicable), 

researchers are faced with a critical ethical problem about what to do with the 

animals. At this point, researchers could a) collect some individuals, under strict 

permits, in order to store them in museums as voucher specimens, while not falling 

into the trap of over-collecting, b) keep some individuals in a conservation ex situ 

program under adequate conditions in order to create a breeding program for 

reintroduction and to ensure the species survival, or c) temporarily capture 

individuals following ethical guidelines in order to take adequate high-resolution 

photographs and videos and genetic samples (e.g., skin, hair, saliva) and then return 

the individuals to their habitat.  

We believe the first option is not beneficial to conservation, because it comes 

at the cost of the lives of valuable individuals of seriously threatened species; this 

can contribute to the risk of extinction. However, the collection of specimens is 

commonly used in 

purposes (e.g., phenotype and evolutionary studies), but only if specimens are well-

preserved (Alvarado et al., 2014). We hope that this option will not be considered 

solely to obtain personal gratification in announcing the rediscovery of a Lazarus 

species to the public and scientific community, especially by amateur researchers.  

On the other hand, we believe the second option may be beneficial for 

conservation because reintroductions can lead to species recovery in the wild. 

However, this option comes with uncertainty regarding the success of the breeding 

program and reintroductions and requires commitment, time, and financial resources 

(McGowan et al., 2017). Nevertheless, it can provide crucial information about the 

biology and ecology of the species (e.g., reproductive behavior, longevity, and growth 

rate) and can be used to fortify critical data for IUCN Red List criteria. Lastly, if an 

animal died in captivity, it could be converted to a voucher specimen. Furthermore, 

this option must be complemented with efforts to determine whether the Lazarus 

species continue to survive with a small population and in environments that protect 

them against a specific threat; this can help the success of reintroductions (Tapley et 

al., 2015). This was the option for the female of C. escoces that was found in Costa 

Rica, and we have undertaken to locate more individuals for our captive-breeding 

program with the support of public institutions and private organizations (Jiménez 

and Alvarado, 2017; Zippel et al., 2011a).  



The third option may be beneficial to conservation; we can use adequate 

instead of converting an individual to a voucher specimen, and the safe return of the 

animals to their habitat gives them the opportunity to mate and reproduce (Minteer et 

al., 2014). In the case of C. escoces, in situ conservation cannot by itself ensure the 

species survival. There are a series of threats already mentioned that require the 

application of an ex situ conservation program (Jiménez and Alvarado, 2017). 

 

2.10 ESTABLISHMENT OF ex situ CONSERVATION PROGRAMS. 

 

As the status and the level of threat for many species of amphibians became 

clear due to the documents collected by specialists from the Worldwide Amphibian 

Assesment that took place in 2004, we started to become aware of a need to develop 

ex situ conservation programs. This is how many projects around the world have 

come to be supported by international organizations that help with budgets and 

logistics (Zippel et al., 2011b). In this way, the Laboratory of Experimental and 

Comparative Pathology is born for the establishment of an ex situ conservation 

program for L. vibicarius that accompanies the in situ conservation efforts and that 

serves as a model and support for the other species that have reappeared in Costa 

Rica. Even though there has been an immense effort on the conservation of 

amphibians provided by zoos during the past 20 years, there are still many species 

that are not a priority for ex situ conservation. It is critical we develop infrastructure, 

abilities, and knowledge in the country of inhabitance of the different species. This 

along with a record of all efforts made towards the conservation, is important 

evidence for the planning of a global strategy (Dawson et al., 2016).  

There has been an increase in amphibian collections due to the continued 

decrease in populations and overall species disappearance. A worldwide evaluation 

in the status for vertebrates stated that captive breeding has played an important role 

in the recovery of 17 out of 68 species (Hoffmann et al., 2010). However, captive 

breeding is a costly process that is encompassed with technical difficulties that can 

lead to issues in terms of hybridization (Crawford et al., 2013); also, there is the 

effect there may be on learning and the development of practical abilities vital for 

survival in the wild. The establishment of ex situ conservation programs can turn out 

to be challenging which is why it should not be considered a mere option in case of 



emergencies, rather a preventive method that should be placed upon before species 

reach that point of no return (Harding et al., 2016).  

We have known the limitations associated with breeding in captivity for more 

than three decades now, along with other highly problematic aspects such as the 

high costs it generates, the establishment of self-sufficient captive populations and 

the maintenance of an administrative continuity. Ex situ conservation tends to be an 

improvised and a pre- maturely used resource as it seems to be the solution despite 

there not being an exhaustive search for alternative methods for conservation 

(Harding et al., 2016)

not be sufficient motive for justifying captive breeding as an appropriate means for 

recovery. The repercussions that the environment in captivity would have on the 

ex situ 

conservation is not justifiable unless associated with an in situ conservation program 

(Snyder et al., 1996). 

The inclusion of health programs is vital as a form of scientific backup if they 

are also applied by highly qualified personal. In addition, it is also necessary the 

creation of animal welfare programs that provides high standards for animals and a 

guarantee of adequate infrastructure, the development and application of the best 

procedures for operation, along with qualified personnel. It should be mandatory for 

current ex situ conservation programs to be evaluated and authorized by Institutional 

Animal Care and Use Committees (IACUCs) that guarantees the operation 

requirements and manages their completion.  

The international web of collaboration and the facilities that we have regarding 

global communication are of the essence, as is the establishment of standardized 

methodologies for the attainment of data and the development of standardized 

operation procedures. All of the mentioned items are requirements we should have at 

the time of deciding to establish an ex situ conservation program for amphibians or 

any other taxon.  

 

2.11 CONCLUSIONS 

 

Amphibians have been the best example in recent history of the crisis many 

terrestrial vertebrates experience (Wake and Vredenburg, 2008). The use of these 

animals as ecosystem health indicators due to the sensitivity of the molecule 



transportation system throughout the skin, has positioned them to be one of the first 

to perceive eco-physicochemical changes in the environment (Hopkins, 1991). The 

phenomenon swept the unprepared scientific community, and for what we still do not 

have clear and concise explanations (Blaustein and Wake, 1995; Wake, 1991). 

However, that catastrophic episode has provided the necessary pressure and vision 

we needed in order to imagine the different approaches we could take using the tools 

we have available for conservation (Beebee, 2005; Griffiths and Pavajeau, 2008; 

Langhorne et al., 2013; Scheele et al., 2014).  

A decade of disappearances where the community responsible for 

conservation has only begun to organize itself, systematize and prioritize the needs 

of amphibian populations around the world (Ibáñez et al., 2010; McGowan et al., 

2017). The first decade of the 2000s, when a lot of the work done gets reverted with 

the re-discovery of species of frogs that were thought to never be seen again (Abarca 

et al., 2010; Chaves et al., 2014b; Jiménez and Alvarado, 2017; Whitfield et al., 

2017). Years when new molecular technologies arose for use in the taxonomy of 

species, along with an increased investment in searches for species thought extinct. 

All these have given way to a substantial increase in new species of amphibians 

around the world, what can be called the paradigm of disappearances in the increase 

of new species.  

This phenomenon of reappearances presents a new opportunity, once we 

have species living in the same conditions we thought caused its extinction, the so 

 (Whitfield et al., 2017). The 

search and establishment of new systematic monitoring gave us the opportunity to 

explore new sites and with that certain species that had been lost for a while start to 

show up; the Lazarus species of the modern age (Meijaard and Nijman, 2014). 

All of these species pose as motive for resurgence of ethical matters such as 

up to what point should we intervene with their preservation, the generation of data 

necessary for science and support the conservation of the different species. One of 

the tools applied to these animals has been ex situ conservation that has generated 

a whole movement worldwide for the establishment of centers with this objective. 

Every ex situ program should have as final object to reintroduce the animals, for this 

it is completely indispensable to write protocols for reproduction that also guarantee 

the genetic and ethological quality of the animals in the wild; all of which are 



extremely complex and expensive processes (Griffiths and Pavajeau, 2008; Harding 

et al., 2016; Zippel et al., 2011a). However, most complicated bit is being able to 

maintain these programs in a long term perspectives, under different administrations 

and social, economical and political changes the any country may endure. 

Thirty years of change in a group of animals has definitely not been enough 

for the scientific community and conservationists to generate robust technical criteria 

for making decisions on all we have encountered (Greenberg et al., 2016; Mendelson 

et al., 2019). The Green Eyed frog L. vibicarius is a species that has showed us, in a 

short interval, what has happened during the years to many other species from 

different taxa and what could or is happening to animal populations around the world. 

The importance of systematization in our field work, revision of historical records and 

a methodic search of these and new places, is displayed with the re- discovery of an 

extinct species.  This shows us the need for a prevailing knowledge of the biology at 

hand with a focal species and the immedia

conservation.  

A daunting story, a story of hope that ultimately ends in a story of greater 

responsibility. The reappearance of a species should fill us with immense joy, but 

also a sense of duty because a second act of extinction this time, would be 

documented and directly witnessed by us.  
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Fig. 1. Historical distribution of Lithobates vibicarius corresponding to the specimens 

collected and deposited in the Zoology Museum of the School of Biology of the 

University of Costa Rica since the early 60s. The last specimens collected were 

deposited by Karen Lips in 1990 from the Las Tablas Protective Zone in the 

Southeast of the country. There are new records up to 2002 of specimens deposited 

by Alan Pounds collected in Monteverde, Costa Rica. Green Eye Frog was last seen 

in the late 80s in the central part of the country and in 1993 in the Southeast of the 

country on the border with Panama. 

 

 



Fig. 2. Metapopulations and decade in which they were seen for the first time from 

the eastern section of the Tilarán Mountain Range (Santa Elena Cloud Forest 

Reserve, Monteverde Reserve of Tropical Science Center, Children´s Eternal 

Rainforest, Alberto Manuel Brenes Biological Reserve of University of Costa Rica 

and Arenal Volcano National Park) and western section of the Central Volcanic 

Mountain Range (Juan Castro Blanco National Park). Only two natural blocks with 

established populations of Lithobates vibicarius present today. Source of information: 

authors and Morera Chacón and Sánchez Porras (2015) 

 



 

Fig. 3. Metapopulations and decade in which they were seen for the first time 

establishing study sectors of Lithobates vibicarius associated with reproduction 

centers of the Juan Castro Blanco National Park in the systematic monitoring carried 

out since 2013. PZ: Pozo Verde, MJ: Los Monjes, CG: Congo, LG: Lagunillas, OC: 

Ocotea.  

 

 

 

 

 

 



Fig. 4. Existing possibilities for the critical, ethical and responsible decision on the 

final destination of an individual considered as a Lazarus species. Real situation 

experienced by two authors in September 2016 when an individual of Craugastor 

escoces was found. llustrations by Tania Chacón-Ordoñez. 
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3 EXPERIMENTAL EXPOSURE INDICATES THAT THE ENDEMIC AMPHIBIAN 

CHYTRID POSES A LOW RISK FOR THE REAPPEARED POPULATION OF 

Lithobates vibicarius FROGS OF COSTA RICA. 

 

Authors: Gilbert Alvarado, Josué Díaz, Tatiana Bolaños, Randall Jiménez, Jilma 

Alemán-Laporte, José Sandoval, Kimberly Castro, Fiorella Fiatt, Juan Ignacio 

Abarca, Catalina Murillo, Adrián Pinto, Juan Alberto Morales, María Forzán & José 
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3.1 ABSTRACT 

 

The amphibian population declines are among the most alarming phenomena of the 

Anthropocene One of the suggested culprits is Batrachochytrium dendrobatidis (Bd); 

disappearance. The green-eyed frog (Lithobates vibicarius) is a Neotropical frog of 

laboratory, we have provided optimal conditions for both the host and the 

pathological agent with the objective of evaluating host response to an infection. The 

strain used is in circulation within the region inhabited by the frog. The model species 

was able to resolve the clinical signs presented in a two week period and within 8 

weeks, more than 80% of the animals had managed to eliminate the Bd. There are 

no indications of anatomo-pathological or hematologic alterations directly associated 

with the experimental process of infection. Based on our results, it is suggested that 

Bd infection in L. vibicarius is self-limiting with low morbidity and no mortality. 

 

Keywords: Batrachochytrim dendrobatidis, experimental infection, pathology, 

hematology, chytridiomycosis.  

 

3.2 INTRODUCTION 

 



Amphibian populations started disappearing towards the end of the eighties, 

many for which there was systematic monitoring for around the world 1 4. In Costa 

Incilius periglenes, in the cloud 

forests of Monteverde 5,6, the phenomenon was also well documented for many other 

species near the southern border of the country, amongst them Lithobates vibicarius 
7. During the nineties, several species vanished from the sites they lived in, under 

seemingly usual conditions. Since 2002, various species of amphibians thought to 

have become extinct reappeared in Costa Rica 8; these included the Incilius 

holdridgei 9and Craugastor escoces 10. Other species with relict populations like 

Craugastor ranoides 11,12 and Craugastor taurus 13 are rediscovered. This is a 

reoccurring phenomenon for populations around the world 10.  

Chytridiomycosis is a disease caused by Batrachochytrium dendrobatidis (Bd) 

in the skin of amphibians, mainly reported in anurans 14 19. This etiological agent has 

been responsible for the recent decline of more than 500 species around the world 4. 

This chytrid was described 10 years after the major declines were reported in the 

highlands of central Costa Rica 20. Bd has been cataloged as one of the most severe 

threats endemic amphibians from around the world should face 4. The evidence of its 

presence on a global scale and in historical ranges over 100 years have been well 

documented 21 26. The distribution of Bd in Costa Rica is broad and reported in well 

enough detail that the establishment of host risk for vulnerable areas is a prioritized 

objective 27. The risk of disease is one of the key elements in establishing the decline 

of an animal population in the wild 28,29.  

The different studies on virulence and pathogenicity of Bd 30 33, peptides in the 

skin of these animals 34 39 and their microbiome 40 43 are amongst the most detailed. 

However, defiance studies where individual response as a host is evaluated, are still 

scarce. The difficulty of establishing adequate facilities and standardized operating 

procedures, as well as the daily maintenance of the animals, act as challenging 

obstacles in the development of experiments where all variables involved can 

influence the quality of the results obtained. Integral host evaluation is a fundamental 

part of formulating reliable conclusions on health impact 19,44 49. The presence of 

lesions along with the etiological agent also becomes crucial in order to determine 

the continuance of the disease 17,50.  

Lithobates vibicarius is a frog with a historical distribution range that covered 

the high mountains of Costa Rica in their entirety 51. That range started decreasing 



until it disappeared, placing the species as critically endangered by the International 

Union for Conservation of Nature (IUCN) in 2004. However, the species has 

recovered a great deal since then and began a process of re-evaluation as a 

vulnerable species with the IUCN in 2013 52. The species stands a rare opportunity to 

evaluate aspects of defense mechanisms a host activates when exposed to an 

endemic strain of Bd from Costa Rica. The assessment were carried out using 

clinical and anatomical pathology indicators with the objective of determining the 

danger the presence of this etiological agent represents for L. vibicarius in 

highlands. 

 

3.3 RESULTS 

 

 

We did not find significant differences of the weight in male and female frogs 

between experimental groups and control group for each experimental day. (Table 

1). Males presented no differences in weight between the start of the experiment and 

either day 14 or day 56. Males had an increase in weight between collected day and 

day 0 of exposure to Bd (Table 2) Females experienced an approximate increase of 

20% of their weight between day 0 and day 14 post-exposure (Table 2; Fig. 1).  

In regards to clinical signs or medical conditions, none of the animals 

presented anorexia throughout the experiment. The physical condition remained 

constant for every animal for the entirety of the experiment and, at the moment of 

euthanasia, 31/36 animals presented ideal body condition.  The rest of the animals 

were slightly above the ideal range. The frogs consumed their food immediately; 

therefore, we can guarantee they had proper nourishment. On day three, a light 

reddening (erythema) had occurred on the pelvic skin, the medial aspect of the 

posterior extremities, and the plantar areas. Erythema was most intense on day 

seven, 17 of 24 individuals presented moderate or marked erythema. Some of the 

animals had noticeable edema. Only one of the individuals in the control group 

showed signs of moderate erythema, and in the rest of the animals, erythema was 

absent or mild (Fig. 2). Erythema progressively decreased until complete resolution 

on day 10 in every animal. One of the animals in G56 died suddenly 12 h before the 

experiment end with no previous clinical signs of disease. 



One animal was Bd PCR positive before treatment with itraconazol; however, 

all the animals were Bd PCR negative one day after the treatment, a week before 

infection, and on day 0 of infection. Based on the previous information, we 

considered all animals for evaluation in the process of experimental infection Bd 

negative. All of the animals in the control group remained Bd PCR negative 

throughout the experiment. Only one frog, from group G56, was negative on day 7. 

On day 14, three animals resulted in a negative test. On day 28, 50% of the animals 

were negative and by week 8, 80% of the animals had cleared Bd infection. The peak 

of infection is after one week (Fig. 3). The animal found dead had been negative 

since day 14 and its erythema was classified as mild. 

In the variables considered for the hematology and the total proteins, no 

significant changes were observed between the control group and the infected group. 

There were also no changes in the indicators over time during the experimental 

process. The mean for all variables were always within the established reference 

intervals (Table 3; Supplementary Table S1). 

No significant gross findings other than hepatic alterations were seen on 

necropsy examinations. Females had proportionally smaller livers than males. All 

males in the three groups had some degree of hepatomegaly and mildly enhanced 

reticular pattern (9/9 control, 8/10 G14, /9 G56). Only in one case hepatomegaly was 

considered marked. All females had an abdomen full of mature oocytes. Large 

intracoelomic fat-bodies were readily evident in 70% of the animals (25/35; 9/12 

control, 9/12 G14, 7/11 G54) (Fig. 4). 

Microscopically, all cutaneous findings were regarded as minimal to mild. 

Epidermal exocytosis, epidermal hyperplasia (acanthosis), congestion, edema, and 

lymphoid nodule hyperplasia, were seen in more than 50% of the infected animals 

(Table 1; Fig. 5). To a lesser extent, some of these findings were noted in some of 

the control frogs.  Fungal elements compatible with empty zoosporangia were only 

detected microscopically in one frog on day 56 (this animal also had PCR-positive 

result), and the morphological changes associated with these structures were 

considered mild. The frog that died suddenly had necrotizing dermatitis with 

presumptive intracytoplasmic viral inclusion bodies (ICIBs) 

Additional microscopic findings were noted in internal viscera of infected and 

control animals. These are recorded in detail in Supplementary Table S2, Figure S3. 

In the liver, more than 90% of the frogs had either hypertrophy and hyperplasia of 



melanomacrophage centers, moderate to marked hepatocyte microvacuolar change 

with glassy cytoplasm, and/or nodular histiocytic aggregates. Hematopoiesis was a 

consistent finding in liver and kidney. Mucosa-associated lymphoid nodules were 

readily evident throughout the digestive system, including the tongue (17/36 frogs). 

Parasitic infestations, largely represented by intestinal nematodiasis, were observed 

in more than 50% of the animals in both groups. The frog that died suddenly had 

evidence of acute systemic infection, most likely of viral origin and complementary 

studies are in advanced. 

 

3.4 DISCUSSION 

 

With the results of this study, we are demonstrated that, under our 

experimental conditions, Lithobates vibicarius is no susceptible species to the Bd 

endemic to Costa Rica. In the laboratory, we recreated optimal conditions for the host 

and the etiological agent in terms of temperature and humidity 51,53. Studies focused 

on the integral evaluation of hosts during the process of infection are scarce because 

of the challenge achieving adequate conditions for the animals represents 45,47,54,55. 

The conditions the animals are in will determine their survival. In consequence, it is 

essential to establish the possible causes of lesions and death of animals because 

one of these outcomes is not sufficient for the assignment of responsibility to the 

presence of an etiological agent in the experimental process 56,57.  

The strain of Bd used was genetically evaluated in recent studies. In Costa 

Rica, there has been isolation of the strain in different sites and the genotypic 

characterization seems to indicate a high resemblance, this means it is most likely 

the same endemic strain that is circulating in the country 58. The strain used was 

chosen because it had its origin in Lithobates taylori, a species closely related to the 

species being evaluated in our work. Also, the strain was obtained from a site that, 

with the exception of a single observed individual of L. vibicarius in 2013, does not 

have registers since the 80s of the established population. The Cerro Chompipe area 

of the Braulio Carrillo National Park was one of the places with the most numerous 

populations of L. vibicarius of the 80s (Alvarado et al., unpublished data). Also, it 

corresponds to one of the traditionally monitored sites since the 70s 51,59.  

The evaluation of a complete clinical scope is important because this way we 

will be able to establish characteristic patterns in which a certain disease can 



manifest itself, along with knowing which ones can be clinically diagnosed in the host 
57. The most evident manifestation in the animals was cutaneous erythema with a 

moderate to severe edematous appearance in some cases. The erythema would be 

distributed on areas that would be in contact with the substrate, on the ventral aspect 

of the animals. This did not occur in the same manner for the control group; this 

indicates that the infection could take place and generate a reaction with clinical 

signs within the first eight days. However, these signs are nonspecific and attributed 

to any condition associated with generalized cutaneous bacterial infection in frogs 60. 

Two weeks was enough time for the animals to completely recover from the 

described condition. 

The animals were collected within a considerable time frame due to the 

collection plan presented under strict ethical criteria for obtaining permits; we are 

performing a medium term, parallel, capture/ recapture monitoring. The residence of 

the frogs in the laboratory for ten months before initiating the experiment, allowed us 

to develop the standardized operating procedures needed for the maintenance and 

processing for obtaining samples from the animals. The mentioned time also favored 

a slight increase in weight for males. For the females, the increase in weight due to 

the increased abdominal circumference is a constant throughout their stay in the 

laboratory. In addition, the laying of egg masses on the substrate and in the water 

presented itself in repeated occasions for four of the seven females used in the 

study. Oogenesis and the presence of fat bodies are probable indicators of proper 

maintenance of the animals, once it result in the use of energy for reproduction or to 

establish a fat reserve 61,62. Females are able to completely recover their oocyte 

production until reaching a maximum in a period of approximately three to four 

weeks. Amongst the observed behaviors, present in more than 50% of the individuals 

was dermatophagia, a condition in which, in this case, they consume 100% of the 

skin they shed. The consumption of skin by the same individual that produced it is a 

phenomenon described before for other species of ranids 63. The shedding happens 

with a frequency of approximately three weeks. 

It is important to emphasize that an animal was only considered for the 

experiment if the PCR- test resulted in negative on all three occasions: a day after 

treatment with Itraconazole, a week before day 0, and on day 0. The animals 

reached a peak of infection on day 7 and then on, the number of positive animals 

begins to decrease. On day 56 (eight weeks), we only had two positive individuals for 



the PCR- test. This is consistent with the periods of 10 and 15 weeks in order to get 

all negative individuals; these ranges were established in an experimental infection 

for Leiopelma hochstetteri and L. pakeka respectively, species endemic to New 

Zealand 54. We also must consider that, mild infections might not be detected 

because of the intensity or the location of the Bd structures on the epidermis 64,65. 

However, our results are consistent in terms of positive or negative individuals 

through time. The experimental husbandry conditions taken during the first 14 days 

of infection could have collaborated in the maintenance of a high number of infected 

individuals thus increasing the possibility of a constant reinfection of the animals; this 

because we did not allow the water in the tanks to circulate, and the substrate was 

not cleaned out. After day 14, the maintenance standards changed to a weekly 

replacement of water and substrate; this could explain the decline in infected animals 

that came with the transition. Another point to consider is that on day 28 of the 

experiment, all the animals had gone through ecdysis at least once. Dermatophagy is 

a behavior that could also reduce the quota of Bd in the enclosures; as a result, this 

prevents the return of the Bd structures, present in the dead skin, to the environment. 

When consuming their skin, the animals transfer it directly to their mouth without it 

coming into contact with the substrate. These results are consistent with the low 

number of positive individuals found in a parallel capture/ recapture study done with 

individuals living in the wild (less than 5%; Alvarado, unpublished data). To our 

knowledge, no other Neotropical amphibian with marked population decline history 

had previously been faced with the endemic strain of Bd circulating in their region, in 

laboratory conditions and have a subsequent, cleared infection report. Together with 

the genus Leiopelma, L. vibicarius is the new species reported that resolve Bd 

infection; however, the studies cannot be compared directly as strains of different 

origin were used in the experiments. We must also consider the scarce o null 

probability of using an inoculum with the load of zoospores that the animal would be 

exposed to in natural conditions. In the same way, it is improbable the processes of 

exposure to the inoculum and the conditions for reinfection used during the first two 

weeks of experimentation. The temperature used in the experiment (a mean of 

19°C), and 100% humidity in the tank are the ideal conditions for both the frogs and 

the Bd (4 25°C, reported as ideal) 53,66. The importance these two variables have on 

the response the host and the etiological agent, has been described 67 70; because of 

this, the purpose of the chosen settings was to minimize the influence they could 



have on the results of the experiment. The clearance of the Bd infection observed in 

the laboratory, occurs at temperatures that are biologically favorable for both host 

and etiological organisms. This allowed us to recreate conditions for the sites that L. 

vibicarius inhabits, and the latitudinal ranges where most declines in frog populations 

in Costa Rica and other places around the world, have been reported 51.  

Fungal pathogens have the qual

possibly inhibit antifungal defenses. There are different tests that demonstrate an 

active suppression of Bd 15. When an evasion of host immune 

recognition system is detected, two causes have been suggested: ineffective 

activation of adequate immune pathways and the inefficiency of antibody production 
19. It was determined that the appearance of soluble elements in the supernatant of a 

Bd culture, inhibits the proliferation of lymphocytes and induces apoptosis. However, 

the same researchers later present proof of lymphocyte proliferation and the 

abundance in the cells of the spleen could happen because of multiple, repeated 

exposures and the use of temperature as a treatment for the infection 71.  

It was not possible to determine a clear tendency in quantity and types of cells 

the blood tests affected. Hematology is not a commonly used tool because of the 

difficulty in taking samples and the obtaining the volume required. One of the reasons 

we chose L. vibicarius as a model species is, beyond its apparent recovery in 

population numbers, its size and the opportunity it provides to obtain such a 

biological sample. It was not possible to demonstrate the compromise of white blood 

cells, as was presented by others authors; however, they do not manage to 

determine a clear mechanism for resistance and elimination of the infection 47. The 

absence of changes in the hematology between groups and throughout the study is 

an indicator of stability in terms of nutrition and maintenance of the animals. We did 

not obtain a high N:L index suggestive of an activation of a hematopoietic stress 

response in either infected or control groups.  

Necropsy continues to be the most important tool in the determination of 

cause of death and anatomical alterations in animals 56. All microscopic findings 

described were minimal or mild in intensity with the exception of the animal that died 

and presented considerable lesions in their lungs and kidney. The presence of 

structures compatible with Bd was difficult to determine probably because of the 

location and intensity of infection when present. In other studies, characteristic 

lesions in the skin of animals that are also related to chytridiomycosis like epidermal 



hyperplasia or hyperkeratosis, resulted in mild intensity and were presented in some 

of the control animals. It was not possible to determine a specific pattern to the 

presence of Bd in the skin of animals. Regarding the liver, an enhanced reticular 

pattern corresponded to the only microscopic finding observed. The difference in size 

between males and females might be due to the space utilized to keep oocytes in the 

coelomic cavity of the animals, or it could be because of the mobilization of glycogen 

for the formation of oocytes.  

The presence of cofactors in animals living in the wild, is a variable we could 

not eliminate; because of this, it was fundamental to look for possible microscopic 

findings in order to elucidate their relation, or lack thereof, with a Bd infection. The 

presence of parasites was a constant in many individuals with inflammatory 

reactions; however, we believe this phenomenon is independent of the experimental 

process. Even considering the presence of cofactors and their influence on the host 

immune system, the infected animals managed to survive and eliminate it in the great 

majority of cases. The only animal that died had first resulted in three negative 

results for the PCR test and its cause of death is allegedly associated with a viral 

etiology still under investigation.  

The opportunity provided by L. vibicarius, a threatened species, to study its 

response to infection by a circulating and endemic strain of Bd of the same habitat, 

demonstrates that the host can resolve the infection within the first weeks when in 

optimal laboratory conditions for both the host and the etiological agent. The 

laboratory and experimental conditions act as further challenges for the host by 

placing it in an even more vulnerable position. These results coincide with the 

previous results that show coexistence of Bd and animals in the wild that seem 

completely healthy in appearance 8. This study reaffirms the urgency for the 

establishment of susceptibility in animals in order to correct the erroneous 

presumption of imminent risk for all species in terms of presence of Bd in the 

organisms or the region they inhabit. This information is relevant and important for 

the decision making and establishment of priorities in species conservation. 

 

3.5 METHODS 

 

3.5.1 Ethics statement 

 



This study was developed in strict accordance with the recommendations cited 

in the Guide for Care and Use of Laboratory Animals of the National Research 

Council of the National Academies of Science 72. The protocols used in the 

investigation were approved by Institutional Animal Care & Use Committee of 

University of Costa Rica (CICUA 028-15) and Ethics Committee of the School of 

Veterinary Medicine and Animal Science of the University of São Paulo, Brazil 

(N°2657080715). The project was approved by the Biodiversity Commission of the 

Vice-Rectory for Research of the University of Costa Rica (VI 6457-2016 Resolution 

N°69). All field work, including collection of frogs from the wild, were authorized and 

all the animals were collected under the permission of the Arenal Huetar Norte 

Conservation Area (ACAHN) of the National System of Conservation Areas of Costa 

Rica (SINAC-ACAHN-PI-R-001-2017) of the Ministry of Environment and Energy of 

the Government of Costa Rica. 

 

3.5.2 Field collection of study individuals 

 

We collected 36 clinically healthy individuals of the green-eyed frog, L. 

vibicarius, from the Juan Castro Blanco National Park and its periphery. The 

collected frogs did not have any grossly noticeable skin alteration. These frogs were 

captured between May and November of 2017 in six different expeditions and in four 

different geographic locations based on existing monitoring efforts that were initiated 

in 2013 (Alvarado, unpublished data). The sectors established have geographic 

barriers and are separated by an average of 2.0 Km in a straight line. A mean of nine 

animals were collected in each sector in at least two different dates with the 

conditions of no more than five individuals per visit and three or fewer females per 

site. All measures taken regarding the collection of the animals met the standard of 

least impact on the populations in the wild and abide by the agreed permits granted 

by the Costa Rican government. The animals were captured manually starting at 

19.00 h, each individual was manipulated with single use nitrile gloves. They were 

placed and transported in semi-transparent plastic containers (9l X 9w X 7h cm, 0.5 

L)  

following established protocol 73. The animals were transported to the laboratory 

between 19.00 and 06.00 h.  

 



3.5.3 Animal husbandry 

 

Maintenance and experimental procedures were performed by the Laboratory 

of Experimental and Comparative Pathology of the School of Biology of the 

University of Costa Rica. The laboratory has two structurally independent experiment 

rooms. These macroenvironments or experiment rooms register a mean temperature 

of 19.22 ± 1.12°C and a mean relative humidity of 92.74 ± 6.70 %. Data regarding 

these two variables was measured and registered every hour after entry with an 

Arduino microprocessor in conjunction with temperature and humidity sensors. The 

animals were placed in individual transparent glass tanks (50l x 25w x 35h cm, 37.85 

L). Also, they were exposed to a 12 h automated photoperiod, accomplished by 

combining led hose lights (IP67 Sylvania) to a timer located approximately 25 cm 

above the tanks. Inside each tank, there are two levels: a first level of eight cm of 

water; above it a 10 cm high platform (23 x 30 cm) that constitutes the second level 

and has coverage of 60% of the water surface. This platform is lined with natural fiber 

paper towel in place of substrate. In the posterior left quadrant of the platform, there 

is a plastic flower pot (13 diameter x 13h cm) with an opening cut (10h x 7w cm), 

which acts as shelter. The pot is inverted and the top is used by the animals as a 

third level. Each tank is fed water through individual pipes that connect to a filter tank, 

and a draining system with individual stopcocks. Also, there are water mist nozzles 

installed over every platform that are regulated by solenoid valves that activate at 

15.00, 17.00 and 19.00 h for 30 s. 

Water used for husbandry and in experimental activities was first passed 

through two types of filters, a conventional physical method (G0058-02, Purefer) and 

a micro-granular carbon cartridge (UDF- GAC- 2in1, Purefer) in order to reduce the 

amount of microorganisms present and to eliminate components like chloride in the 

water. The principal water tank was located inside the laboratory so that there are no 

changes in water temperature. Every week we replaced the paper towel and 

completely cycle out the old water with any organic material present. The frogs were 

fed every 48 h with adult crickets (Acheta domesticus) exclusively (one cricket if the 

individual is < 30g; two crickets if the individual is . These crickets were raised 

in the laboratory and maintained on a strict and permanent ad libitum diet of chicken 

feed (Ponedora 18% Golden, Mundi Vet  Dos Pinos), carrots, broccoli, and orange. 

Any cross-contamination between the infected and control animal modules was 



prevented by using individualized protection equipment for each division, new gloves 

between tanks and always working with the control group a day before experimental 

procedures on the exposure group and two days before maintenance.  

 

3.5.4 Treatment with itraconazole 

 

There was a three month acclimatization period established from the entry of 

the animals to laboratory conditions. As a precautionary step for guaranteeing the 

absence of any Bd element on the animals, every individual was submitted to 

treatment with Itraconazole (2% Itraskin® Drag Pharma, Oral Solution, Chile) diluted 

up suspending treatment during the fourth day because of behavioral changes in 

some animals and the death of one out of 18 treated individuals. For the second 

group of 24 animals, we reduced the concentration to 0.0025%. This was the lowest 

reported effective concentration and still, it had to be suspended because of the 

death of five animals on the third day and behavioral changes in others. The six 

animals of L. vibicarius and the individuals corresponding to the other species, that 

resulted to be more sensitive to treatment, have not been considered for the present 

study and will be addressed in a parallel manuscript focused on acute toxicity of 

itraconazol. The concentrations and protocols used are based strictly on previous 

reports 73 with the only modifications being the size of the containers used in 

treatment and the volume of Itraconazole solution added (9l x 9w x 7h cm, 350 mL 

respectively). All containers and tanks were disinfected before and after placing the 

animals in with a 10% solution of commercial chloride for a minimum of five minutes. 

Following the submersion, the recipients were rinsed twice with abundant water and 

set to dry a minimum of 24 h before contact with another animal. Swabs were used 

on every animal for posterior diagnosis of Bd via real-time polymerase chain reaction 

(PCR) before the first treatment and a day after the last day of treatment. There was 

a four week period established before initiating inoculation of the animals with Bd.  

 

3.5.5 Inoculation process and experimental exposure 

 

Seven days before inoculation, we performed another swab for the detection 

of Bd using real-time PCR. It was considered negative if the animal presented a 



negative result a day after the treatment of itraconazole together  with the previous 

sample and was considered apt for initiation of the experiment. The frogs were 

submitted to the strain Bd JGA01; isolated from the species Lithobates taylori from 

the Central Volcanic Mountain Range of Costa Rica, in San Rafael de Heredia. This 

strain was selected for being isolated from a site of reported amphibian decline in 

species including L. vibicarius, for which there is only one observation from 2013 

(Alvarado et al., data unpublished). The preparation of the inoculum with 

approximately 250,000 zoospores, was carried out following the protocol established 
73 for the infected animals and the control group. The exposure took place in 

containers that were used exclusively for each animal and were of a size that only 

allowed them to sit in the normal position on a substrate with their pelvic patch, thighs 

and plantar and palmar surfaces in constant contact with the inoculum. After 24 h of 

direct contact with the inoculum, we proceeded to re-locate the animals to their 

respective tanks with closed draining systems. The container used for inoculation 

was inverted and placed in the upper left quadrant of the platform, where the shelter 

usually remains so as to drench the most frequented region in the tank with the 

inoculum. After 24 h, the container was removed. The same procedure was 

conducted with the control group, with the absence of Bd in the inoculum 24 h before. 

We did not open the drain for the tanks that contained infected animals for two 

weeks; we also did not change the paper towel in that time in order to favor the 

growth of Bd in the skin of the amphibians but also in the substrate and water inside 

the tanks.  

 

3.5.6 Experimental Design 

 

Frogs of each sex and provenience were randomly assigned to three 

treatment groups with 12 animals each. After assignment we tested that all groups 

had similar size (snout vent length: SVL) and weight using an ANOVA model, to 

ensure homogeneity of physical conditions across animals between the treatment 

groups. We established two groups of infected animals and one control group. Every 

animal was assigned randomly to their respective tanks, whether it is infected or non- 

infected. We established five times set at 0 days (before inoculation), seven, 14, 28 

and 56 days (post-exposure), for the collection of skin swabs and blood samples. 



One of the infected groups would end treatment on day 14; the other infected and 

control groups will end on day 56. 

 

3.5.7 Monitoring techniques and necropsy 

 

One day before inoculation, every animal was clinically evaluated, weighed 

and measured by a trained veterinarian. After the inoculation, the frogs were 

monitored daily for any behavioral changes or physical signs of disease. On day 

eight, the animals were evaluated and classified based on the extension, localization 

and intensity of the cutaneous erythema into four categories: absent (0), mild (1), 

moderate (2) and severe (3). 

For swabbing, we used sterile fine-tipped swabs (MW113; Medical Wire & 

Equipment, Wiltshire, England). Swabs were passed 10 times along the dorsum, 

venter, each side of the body, and length of each femur. We swabbed 5 times across 

each hand and foot 8. Swabs were extracted in 50 mL of Prepman Ultra (Applied 

Biosystems, Foster City, CA, USA) and analyzed for the presence of Bd DNA by a 

TaqMan real-time PCR assay in QuantStudio® 3 Real-Time PCR System in Cell and 

Molecular Biology Center, University of Costa Rica. In summary, we used Bd primers 

and probes 74 with 2X TaqMan Master Mix and internal positive controls in 20 µL 

reactions containing 4 µL of DNA template. We ran all reactions, with at least one 

negative control and two positive controls. The reactions with undetermined results 

were analyzed once more.  

Once the swab was taken, we collect blood sample by puncture in the 

maxillary vein 75 and collected in one, or at times two, heparinized capillary tubes 

(Fisherbrand®, USA). The total collected volume would depend on the facility 

experienced at the moment and could vary between 50-150 µL (from an incomplete 

capillary to two full capillaries). Two blood smears were done immediately after. A 

fixed amount of blood was transferred to a 20 µL graduated micropipette (Bryopette® 

20 µL Sterile, Bioanalytic) for the Natt- Herrick solution with a mean volume of 1.98 

µL and gently inverted several times; the mixture was refrigerated (4° C). When we 

had enough volume, the capillary tube would be spun down for 5 min at 10 000g in 

order to determine the packed cell volume (PCV). All these procedures for blood 

collection are based on the protocols established 76. For white blood cell count 

(WBC), differential counts were conducted on blood smears that were air dried in a 



few hours and dyed with Diff-Quick stain; every slide was dipped ten times, lasting 

one second in each container. Excess fluid was drained onto a paper towel after 

every step. The slides were rinsed under tap water until the water ran clear. The 

numbers of red blood cells (RBC), WBC, and thrombocytes were calculated by 

hemocytometry using a light microscope and following a suggested methodology 76. 

Before being euthanized on day 14 (n=12) and day 56 (n=12), every frog was 

weighed and measured again. The euthanasia was preceded by immersion in 0.3% 

(3X doses for anesthesia) ethyl 3-aminobenzoate methane sulfonic acid solution 

(tricaine methanesulfonate, Sigma-Aldrich Inc., USA) buffered with sodium 

bicarbonate solution in neutral pH. Lastly, we conducted cardiac exsanguination. 

Each frog was necropsied according to a standard methodology 77 and gross 

pathologic findings as well as the presence of fat bodies and ovogenesis in females 

were recorded. The carcasses and internal organs were placed in 10% neutral 

buffered formalin. For histopathologic examination, we made special emphasis on 

the skin and recorded detailed information on a previously designed template 

(Supplementary Table S4). For each frog, we evaluated two sections of skin of 

approximately 0.5 cm x 2 cm of the pelvic patch parallel to the mid-line, and the 

medial aspect of the thigh; we obtained at least four cuts of each section. Samples of 

femoral skin also included the underlying appendicular skeletal muscle. We 

evaluated systematically the heart, lungs, spleen, liver, stomach, small and large 

intestines, pancreas, kidney, adrenal glands  and gonads. Microscopic findings were 

documented for every animal. These tissues were trimmed, embedded in paraffin-

wax, sectioned at 5µm-thick, and stained with hematoxylin and eosin for microscopic 

examination. Selected tissue sections were stained with Gram/Twort for bacteria. 

Periodic-acid Schiff (PAS) and Ziehl-Neelsen (ZN) techniques when deemed 

necessary. 

 

3.5.8 Statistical Analyses 

 

Statistical analyses were performed in R (Version 3.4.2, R Development Core 

Team 2019). To test the effect of Bd infection between experimental groups and 

across time on the weight of L. vibicarius, we performed Generalized Linear Models 

(GLMs) and Generalized Linear Mixed Models (GLMMs), respectively. Weight 

measures were log-transformed prior to analysis to improve normality. On GLMMs, 



we used frog id as random effect to account for repeated measures in each adult. 

-hoc tests between Bd-exposed groups and the 

control group, and between time of each experimental group (p < 0.05). When 

performing pos-hoc tests, Dunnett adjustment of the obtained p-values was carried 

out to control for the family wise error rate. We used odds ratio (OR) and 95% 

confidence intervals (95% CI)78, to quantify the deviation between each pairwise 

comparison. To evaluate the effect of Bd infection and across time on the 

hematological parameters of L. vibicarius we conducted GLMMs. As above, we used 

frog id as random factor. We performed  for pos-hoc tests and 

used false discovery rate (FDR) to control for alpha-inflation under multiple tests. 

Results are expressed as means with their ± standard error(SE), unless otherwise 

stated. 
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Fig. 1. Mass ( ± SE) grams of the animals at the time of the individual was collected 
and at the different sampling points of the exposure process to Batrachochytrium 
dendrobatidis for each experimental group (Control Group: GC, Day 14 Group: G14 
and Day 56 Group: G56). 
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Fig. 2. Visual assessment of cutaneous erythema on the ventral surfaces, primarily 
inguinal region and medial aspect of caudal limbs of Lithobates vibicarius 8 days
after exposure to Batrachochytrium dendrobatidis. A: Grade 0, no evident erythema 
(baseline cutaneous appearance). B: Grade 1, mild erythema. C: Grade 2, moderate 
erythema. D: Grade 3, marked erythema.



Fig. 3. Proportion of positive individuals to Batrachochytrium dendrobatidis (Bd) at 
different sampling points during the experiment. bi: before itraconazole treatment; pi: 
post itraconazole treatment; 7 db: seven day before exposure to Bd; numbers: days 
post-exposure to Bd. 
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Fig. 4. Gross findings in Lithobates vibicarius. The male (A) has a liver proportionally 
larger to that of the female (B). The female has numerous oocytes expanding the 
coelomic cavity (B). The liver is diffusely enlarged (hepatomegaly) and has an 
enhanced reticular pattern (C). Numerous bright yellow fat bodies are in the coelomic 
cavity (D).
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Fig. 5.  Microscopic findings in the skin of adult green-eyed frogs (Lithobates 
vibicarius) experimentally infected with Batrachochytrium dendrobatidis. A. Animal 
1375. Epidermal hyperplasia (acanthosis) with lymphocytic exocytosis, intercellular 
edema and rare fungal elements compatible with empty zoosporangia (arrows). 
Hematoxylin and eosin (H&E). 400x. B. Animal 1375. Epidermal hyperplasia, 
parakeratotic hyperkeratosis and exocytosis. H&E. 400x C. Animal 1295. Mild 
epidermal hyperplasia and intra-epidermal micropustule (arrow). H&E. 400x. D. 
Animal 1708. Cutaneous lymphonodular lymphocytic inflammation with exocytosis. 
H&E. 100x. Inset: Animal 1379. Detail of dermoepidermal lymphonodular hyperplasia 
and exocytosis. H&E. 200x. E. Animal 1382. Hyperplasia (acanthosis) with 
parakeratotic hyperkeratosis and superficial dermatitis with periadenitis. H&E. 400x. 
F. Animal 1380. Dermatitis and adenitis with gland rupture. H&E. 400x. G. Animal 
1294. Nematode larva within a gland. H&E. 400x. H. Epidermal superficial 
microvesicle and cutaneous myxedema. I. Animal 1716. Focal gland atrophy with 
thickened and hyalinized basement membrane. H&E. 400x. 
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Supplementary Figure S3. Microscopic findings (except skin) in adult green-eyed 
frogs (Lithobates vibicarius) experimentally infected with Batrachochytrium 
dendrobatidis and control groups experimentally infected with B. dendrobatidis. A. 
Animal 1379. Metacestodal granulomatous coelomitis. Inset. Detail of encysted 
metacestode. Hematoxylin and eosin (H&E). 400x. B. Animal 1377. Granulomatous 
orchitis. H&E. 400x. C. Animal 1709. Granulomatous hepatitis with foreign body. 
H&E. 400x. D. Animal 1716. Melanomacrophage center hypertrophy and hyperplasia 
(MMCHH). H&E. 40x. Inset: Animal 1716. Detail of MMCHH. H&E. 400x. E. Animal 
1382. Hyperplasia (acanthosis) and parakeratotic hyperkeratosis. H&E. 400x. F. 
Animal 1372. Colonic nematodiasis (asterisks) and protozoosis. H&E. 100x. G. 
Animal 1705. Mural gastritis with intralesional foreign bodies (cricket fragments; 
asterisks). H&E. 200x. H. Animal 1296. Eosinophilic and lymphocytic colitis with 
exocytosis. H&E. 400x. I. Animal 1716. Heterophilic epicarditis. H&E. 100x. Inset: 
Animal 1716, Detail of heterophilic epicarditis. H&E. 400x. J. Animal 1298. 
Eosinophilic glomerulonephritis and tubular proteinosis. H&E. 400x. Inset: Animal 
1297, intratubular nematode larva. H&E. 400x. K. Animal 1374. Interstitial histiocytic 
nephritis. H&E. 400x. L. Animal 1710. Nodular histiocytic (granulomatous) hepatitis. 
H&E. 100x. Animal 1381, detail of nodular histiocytic hepatitis. H&E. 400x. M. Animal 
1377. Focal pleuritis. H&E. 400x. N. Animal 1292. Granulomatous steatitis. H&E. 
40x. Inset: Animal 1292, detail of granulomatous steatitis. H&E. 400x. O. Animal 
1376, detail of hepatocellular macrovacuolar and microvacuolar (lipid) change with 
glassy cytoplasm appearance. H&E. 400x 

.



Supplementary Table S4. Template for recording histopathologic findings in the 
integumentary system of adult green-eyed frogs (Lithobates vibicarius) included in 
this study. 

Subcompartment Finding 

Epidermis 

Acantholysis  
Apoptosis  
Bacteria  
Dyskeratosis  
Intercellular edema (spongiosis)  
Fungal elements consistent with 
Batrachochytrium dendrobatidis 

 

Hypergranulosis  

Hyperkeratosis 
Orthokeratotic 
Parakeratotic 

Hyperplasia (acanthosis) 
Up to 5 layers thick 

 

Inflammation/exocytosis 
Granulocytic (G) 
Lymphocytic (L) 
Histiocytic (H) 

Intracellular edema (ballooning 
degeneration) 

 

Keratin pearls  
Necrosis  
Vesicles (clefting)  
Satellitosis  
Squamous eddies  

Dermis 

Chromatophore (melanophores, 
iridophores)  

Hyperplasia 
Incontinence 

Congestion  
Edema  
Fibrosis  

Glands (mucous, serous, mixed, 
granular)  

Hypertrophy 
Hyperplasia 
Atrophy 
Loss 

Inflammation 

Perivascular (G/L/H) 
Interface (G/L/H) 
Nodular (G/L/H) 
Diffuse (G/L/H) 
Periglandular 
(G/L/H) 

Lymphoid nodules  
Vasculitis  

 



This paper will be submitted to Animal Behaviour. 

 

4 SPACE USE AND BEHAVIOR OF THE NEOTROPICAL FROG Lithobates 

vibicarius IN THE GENERAL ANIMAL WELFARE ASSESSMENT DURING THE 

EXPERIMENTAL INFECTION WITH CHYTRID FUNGUS Batrachochytrium 

dendrobatidis 

 

Authors: Gilbert Alvarado, Gabriel Espinoza, Randall Jiménez, Pablo Aragonéz, 

Kimberly Castro, José Sandoval, Jilma Alemán-Laporte & José Luiz Catão-Dias. 

 

4.1 ABSTRACT 

 

It is an ethical obligation to seek to assure animal welfare in all the 

experimental infection processes where they are used. Extensive knowledge of the 

animal's biology and recognition of its clinical signs is essential to achieve this 

purpose. However, knowledge about the animal's behavior is fundamental to 

evaluate the general animal welfare and not only aspects related to its health. The 

aim of this study was to evaluate the effects on the behavior that the infection with 

the chytrid fungus Batrachochytrium dendrobatidis (Bd) infection can produce in frogs 

of the species Lithobates vibicarius in a context of general animal welfare 

assessment. The clinical aspects of the experimental infectious process were 

excluded. The enclosure of the animals was designed exclusively for this species 

and conformed by three levels. A recording methodology was developed and a 

detailed ethogram was described to register the use of space, body postures, head 

positions and animal activities. The main space that the animal uses is the left 

posterior quadrant inside the shelter. The main body posture and head position is 

that described as B2H2. No significant differences were found between infected and 

uninfected animals. The creation of baseline information on the behavior of L. 

vibicarius and the absence of clear behavioral alterations due to Bd infection is a 

useful tool for ex situ conservation programs. 

 

Keywords: Batrachochytrium dendrobatidis, animal welfare, ex situ conservation, 

amphibian, behavior.  

 



4.2 INTRODUCTION 

 

One of the main preoccupations for animal welfare is the emphasis in freedom 

of injury and diseases in the evaluated individuals (Baumans, 2005). Equally 

important is the ability the animals will have to live reasonably natural lives with 

behavior as close as possible to that of individuals raised in the wild (Fraser, 2008). 

For domestic animals and livestock, basic health and the overall function of the 

animals have been used as a base for evaluation and improvement of animal 

welfare. There are clear examples of improvement in cages and housing for birds 

and pigs by studying their behavior under different conditions or by comparing with 

the behavior present in the wild (Stolba & Wood-Gush, 1984; Tauson, 1998). 

However, a great challenge that we still have is the complexity of establishing altered 

behaviors in wild animals under conditions of ex situ conservation (Schaaf, 1984; 

Wei, Jinghua, Hui, Dan, & Xianfu, 2012). In common marmosets, cage size and cage 

complexity have deleterious effects on the welfare of the animals and consequently 

on the reliability of the research (Kitchen & Martin, 1996). 

It is essential to accompany any experimental infection study with a stage for 

determining the effect on the  welfare. It is also necessary to evaluate not 

only the success of the experimental procedure but also the potential implications it 

may have on the subject. Thus, it is important to create instruments for the evaluation 

of individual welfare in a veterinary context (Wojciechowska & Hewson, 2005). One 

of the main mistakes in veterinary medicine is to equate the concepts of welfare and 

quality of life of animals with their health status. (F D McMillan, 2000; Wojciechowska 

& Hewson, 2005). In an applied ethological context, the concept of welfare englobes 

life regarding maintenance (Dawkins, 2008; McMillan, 2014). From this point of view, 

evaluating animal welfare from a functional stance (level of activity, adaptation, and 

abilities), could be of importance because of its potential to stand as a base for other 

studies.  

Lithobates vibicarius is a threatened frog thought to have disappeared in the 

90s under the context of the mass population declines that this group of vertebrates 

suffered on a global scale (Hoffmann et al., 2010; Scheele et al., 2019; Stuart, 2004). 

Currently, we count on two natural, independent protected areas in Costa Rica where 

this species can be found since its rediscovery in 2002 and 2007 respectively, with 



well-established populations (Castro-Cruz & García-Fernández, 2012; Morera 

Chacón & Sánchez Porras, 2015; Alvarado et al., unpublished data). One of the 

potential pathogens we attribute many of the population declines for amphibian 

species around the world is the chytrid fungus Batrachochytrium dendrobatidis (Bd). 

We have a set of seven species that have reappeared in recent years (Whitfield et 

al., 2017) and we are proposing Lithobates vibicarius as a model in conservation for 

other reappearing species within Costa Rica and the neotropics.  

For this reason, we performed experimental infections with the purpose of 

With this study, we have the objective of evaluating 

the etiology of Lithobates vibicarius in a context of general animal welfare, excluding 

the clinical aspects of the infection and its potential complications during 

experimental process. The finality of this is to be able to identify other aspects of the 

Batrachochytrium dendrobatidis 

infection.  

The characterization of general behavioral aspects related to infection by Bd, 

could represent an important base for the identification and detection of alterations in 

the welfare of individuals in ex situ conservation programs during chytrid infection 

events. This would allow comparisons amongst similar medical conditions and could 

help veterinarians make decisions. As a part of this, the development of standardized 

and valid instruments would be valuable for the evaluations of diseases and 

treatments (Bateman, Catton, Pennock, & Kruth, 1994; Yazbek & Fantoni, 2005). For 

this to occur, it is necessary to investigate the influence of individual factors 

(Wojciechowska & Hewson, 2005; Yazbek & Fantoni, 2005), and particularities of 

specific diseases (Yazbek & Fantoni, 2005).  

 

4.3 METHODS 

 

4.3.1 Study Species  

 

Lithobates vibicarius is a frog with a historical distribution range that covered 

the high mountains of Costa Rica in their entirety. The range started decreasing to 

the point of causing the species to be critically endangered as stated by the IUCN in 

2004. However, the species has recovered a great deal since then and began a 

process of re-evaluation as a vulnerable species with the IUCN in 2013. We collected 



36 clinically healthy individuals of the green-eyed frog, Lithobates vibicarius, from the 

Juan Castro Blanco National Park and its periphery. The collected individuals did not 

present any type of lesion o evident skin alteration. They were captured between 

May and November of 2017 in six different expeditions and in four different locations 

chosen according to the monitoring initiated in 2013 (Alvarado et al., unpublished 

data). The animals were captured manually starting at 19.00 h, each individual 

manipulated with new nitrile gloves. They were placed and transported in semi-

transparent plastic containers (9l x 9w x 7h cm, 0.5 L) with a natural fiber paper towel 

 

(Brannelly, 2014). The animals were always transported to the laboratory between 

19.00 and 06.00 h to avoid high temperature during the day.  

 

4.3.2 Animal Husbandry 

 

Maintenance and experimental procedures were performed by the Laboratory 

of Experimental and Comparative Pathology of the School of Biology of the 

University of Costa Rica. The laboratory has two structurally independent experiment 

rooms. These macroenvironments or experiment rooms register a mean temperature 

of 19.22 ± 1.12 °C and a mean relative humidity of 92.74 ± 6.70 %. Data regarding 

these two variables was measured and registered every hour after entry with an 

Arduino microprocessor in conjunction with temperature and humidity sensors. The 

animals were placed in individual transparent glass tanks (50l x 25w x 35h cm, 37.85 

L). Also, they were exposed to a 12 h automated photoperiod, accomplished by 

combining led hose lights (IP67 Sylvania), approximately 25 cm above the tanks to a 

timer. Inside each tank, there are three levels: a first level (L1) of eight cm of water; 

above it a 10 cm high platform (23 x 30 cm) that constitutes the second level (L2) and 

has coverage of 60% of the water surface. This platform is lined with natural fiber 

paper towel in place of substrate. In the posterior left quadrant of the platform, there 

is a plastic flower pot (13 diameter x 13h cm) with an opening cut (10h x 7w cm), that 

acts as shelter. The pot is inverted and the top is used by the animals as a third level 

(L3). Each tank is fed water through individual pipes that connect to a filter tank, and 

a draining system with individual stopcocks. Also, there are water mist nozzles 

installed over every platform that are regulated by solenoid valves that activate at 

15.00, 17.00 and 19.00 h for 30 s to maintain humidity (Fig. 1). 



Water used for husbandry and in experimental activities is first passed through 

two types of filters, a conventional one as a physical method (G0058-02, Purefer) 

and one with a micro-granular carbon cartridge (UDF- GAC- 2in1, Purefer) in order to 

reduce the amount of microorganisms present and to eliminate components like 

chloride in the water. The main water tank is located inside the laboratory so that 

there are no changes in water temperature. Every week we replaced the paper towel 

and completely cycle out the old water with any organic material there might be in it. 

The frogs were fed every 48 hours with adult crickets exclusively (Acheta domestica) 

(one cricket if the individual is < 30g; two crickets if the individual is 

crickets were raised in the laboratory and maintained on a strict and permanent ad 

libitum diet of chicken feed (Ponedora 18% Golden, Mundi Vet  Dos Pinos), carrots, 

broccoli, and orange. Any cross-contamination between the infected and control 

animal modules was prevented by using individualized protection equipment for each 

division, news nitrile gloves between tanks and always working with the control group 

a day before experimental procedures on the exposure group and two days before 

maintenance.  

 

4.3.3 Inoculation process with Batrachochytrium dendrobatidis 

 

The frogs were submitted to the strain Bd JGA01; isolated from the species 

Lithobates taylori from the Central Volcanic Mountain Range of Costa Rica, in San 

Rafael de Heredia. The preparation of the inoculum with approximately 250,000 

zoospores, was carried out following the protocol established for the infected animals 

and the control group. The exposure took place in containers that were used 

exclusively for each animal and were of a size that only allowed them to sit in the 

normal position on a substrate with their pelvic patch, thighs and plantar and palmar 

surfaces in constant contact with the inoculum. After 24 hours of direct contact with 

the inoculum, we proceeded to re-locate the animals to their respective tanks with 

closed draining systems. The container used for inoculation was inverted and placed 

in the upper left quadrant of the platform, where the shelter usually remains so as to 

drench the most frequented region in the tank with the inoculum. After 24 hours, the 

container was removed. The same procedure was developed for the control group, 

with the absence of Bd in the inoculum, 24 hours before. We did not open the drain 

for the tanks that contained infected animals for two weeks; we also did not change 



the paper towel in that time in order to favor the growth of Bd in the skin of the 

amphibians but also in the substrate and water inside the tanks.  

 

4.3.4 Experimental design & behavioral monitoring 

 

Frogs of each sex and provenience were randomly assigned to three 

treatment groups with 12 animals each. After assignment we tested that all groups 

had similar size (SVL) and weight using an ANOVA model, to ensure homogeneity of 

physical conditions across animals between the treatment groups. We established 

two groups of infected animals and another control group. Every animal was 

assigned randomly to their respective tanks, whether it is infected or non- infected. 

We established five times set at 0 days (before inoculation), 7, 14, 28 and 56 days 

(post-exposure), for the collection of blood samples and swabs with epidermal 

samples for analysis in a parallel study. One of the infected groups finished the 

treatment on day 14; the other infected and control groups finished on day 56. We 

randomly selected six out of twelve of the infected animals to be monitored up till day 

56. We selected six out of twelve control group individuals for the same purpose. We 

video recorded the animals 24 hours post infection and 12 h before each of the 

established times (days 7, 14, 28 and 56). We recorded on different days for the 

infected group and the control group (24 h after) for biosecurity reasons. On the day 

of recording, we proceeded to set the camera up at a 50 cm distance from the frontal 

view of the tank. The lens was set to capture all three levels inside the tank. Each 

recording has a length of 15 minutes (after an initial 5 minute adjustment period), with 

a resolution of 1280 x 720 pixels and 30 fps. We recorded six videos for each of the 

animals in the evaluation group between 16.00 and 22.00 h. We divided the animals 

into groups of three. The first three animals were recorded at 16:00, 17:00, 18:00, 

19:00, 20:00 and 21:00 h; the remaining three animals were recorded at 16:30, 

17:30, 18:30, 19:30, 20:30 and 21:30 h. At 18:00 h, the permanent light system 

installed automatically disconnects and the light system with red led lights (P26116 

Sylvania) would turn on for the rest of the recordings. These red lights were located 

in the exact position as the permanent ones. During the recordings, all humans 

remained outside the experiment rooms. The recording interval was set according to 

the highest peaks of activity for the species, determined in the field as 18.00 and 



20.00 h. We extended the interval two hours before and after the peaks for recording 

purposes. 

For the video analysis, we used BORIS (Behavioural Observation Research 

Software, available at http://www.boris.unito.it/;Friard & Gamba, 2016), and 

configured the ethogram detailed in Table 1. The data of the videos was analyzed 

without their information source and randomly according to the behaviors previously 

established (use of space, postures and activities). Both level one (L1) and level two 

(L2) were divided into quadrants (left anterior quadrant: LAQ, left posterior quadrant: 

LPQ, right anterior quadrant: RAQ and right posterior quadrant: RPQ). In the case of 

L1, we established a special variable RAQt that corresponded to the moments when 

the animal was supported on the drain tube. For L2 we established LPQi for when 

the animal had more than 50% of its body inside the shelter. The data for each 

observation period for each individual were combined. The percentages of time in 

each level are based on the total duration (seconds) of the video analysis for each 

sampling time. The use of space for each level is based on the average time of use 

of that space by observation. The time body postures and head positions were held, 

were combined for each individual within each observation period. The percentages 

of time for these two categories are based on the total duration (seconds) of the 

video analysis for each sampling time. Small sample size for many of the postures, 

head positions, use of space or activities (n = 1 or 2) made impossible the application 

of conventional statistical analyzes. 

 

4.3.5 Batrachochytrium dendrobatidis molecular diagnosis. 

 

 We used a swabbing technique that involves the passing of a swab (MW113; 

Medical Wire & Equipment, Wiltshire, England) 10 times along the dorsum, venter, 

each side of the body, and length of each femur. We swabbed 5 times across each 

hand and foot (Whitfield et al., 2017). Swabs were extracted in 50 mL of Prepman 

Ultra (Applied Biosystems, Foster City, CA, USA) and analyzed for the presence of 

Bd DNA by a TaqMan real-time polymerase chain reaction assay in QuantStudio® 3 

Real-Time PCR System in Cell and Molecular Biology Center of the University of 

Costa Rica. In summary, we used Bd primers and probes (Boyle, Boyle, Olsen, 

Morgan, & Hyatt, 2004) with 2X TaqMan Master Mix and internal positive controls in 



20 µL reactions containing 4 µL of DNA template. We always ran all reactions, with at 

least one negative control and two positive controls. 

 

4.3.6 Ethical note 

 

This study has been developed in strict accordance with the recommendations 

in the Guide for Care and Use of Laboratory Animals of the National Research 

Council of the National Academies of Science. The protocols used in the 

investigation were approved by Institutional Animal Care & Use Committee of 

University of Costa Rica (CICUA 028-15) and Ethics Committee of the School of 

Veterinary Medicine and Animal Science of the University of São Paulo, Brazil 

(N°2657080715). The project was approved by the Biodiversity Commission of the 

Vice-Rectory for Research of the University of Costa Rica (VI 6457-2016 Resolution 

N°69). All field locations and activities, including collection of frogs from the wild, 

were authorized and all the animals were collected under the permission of the 

Arenal Huetar Norte Conservation Area (ACAHN) of the National System of 

Conservation Areas of Costa Rica (SINAC-ACAHN-PI-R-001-2017) of the Ministry of 

Environment and Energy of the Government of Costa Rica. 

 

4.4 RESULTS 

 

The animals were analyzed according to the experimental group to which they 

were assigned regardless of their molecular diagnosis for Bd. All the animals were 

negative to Bd on day 0 before performing the experimental infection. The six 

infected animals filmed were positive for the presence of Bd on day 7 and day 14 of 

the experiment, so it is assumed that 24 hours after the infection, the animals were 

also positive. For day 28 and day 56, two and one of the animals were diagnosed for 

the infection respectively. 

All animals showed a clear preference for L2, that corresponds to the platform 

or terrestrial part of the primary enclosure, regardless of whether they were infected 

or not. At the sampling point of 28 and 56 days there was a slight increase in the use 

of L1 (n = 2) and L3 (n = 2) respectively. However, these increases were related to 

animals that had already resolved their infection and were negative. L3 was a space 



that animals used more than L1 (Fig. 2). Of the two animals that remained infected 

with molecular diagnosis from day 28, only one of them made use of L1 on the day 

56 and corresponded to less than 1% of the use of space by the group analyzed for 

that treatment. The rest of the time the animals remained in the terrestrial part of the 

enclosure. 

When animals used L1, there was a greater use of the posterior quadrants. 

However, in the anterior region, the animal makes a greater investment of time 

supported on the drain tube (RAQt) or around it (RAQ) (Fig. 3). Almost all the time 

that the animal remained in L1 was supported with one or several of its extremities by 

the bottom of the enclosure, some of the walls or by the drain tube RAQt. Only one 

animal was recorded floating in two observations on day 7 for mean time period of 

10.5 ± 2.76 s. In all experiment only 4 (one infected) animals swam for short periods 

of time between 6.15 s and 27.95 s with mean of 15.41 ± 2.92 s. The posture of 

floating and swimming activity was for both infected and uninfected animals. 

When animals used L2, they spent more time on the LPQ on average, 

especially in the LPQi, using the shelter placed in the enclosures (Fig. 4). Throughout 

the experimental process six animals (two infected) were recorded walking for short 

periods of time between 1.90 s and 9.49 s with an average of 4.60 ± 0.81 s. 

In relation to body posture, positions B2 or B3 are the most used by animals. 

Body posture B1 is a position used in a smaller percentage of time (Fig. 5). 

Regarding the position of the head, the normal position H2 is independent if the 

animals were infected or not. Head position H1 or H3 occurred in punctual and brief 

situations (Fig. 6). 

Prolonged movements were observed in three animals (two infected) in L1 for 

a period of time between 11.51 s and 81.80 s with mean of 49.61 ± 11.10 s. In L2 

they were presented by five animals (two infected) for a period of time between 8.07 

s and 61.83 s with mean of 21.64 ± 7.03 s. Brief movements, rotation and jumps 

appear to be more numerous in the recording times (24h, 7d and 14d) where all the 

animals were positive to Bd (Table 2). Only one infected animal in two different 

recording times (24 hrs and 14 d) vocalized. All their vocalizations were brief (37 

total) and one was prolonged with a duration of 137.63 ± 28.23 s. 

 

4.5 DISCUSSION 
 



One of the biggest challenges of the experiment was the construction of a 

space that would provide the best housing conditions for this particular species. L. 

vibicarius belongs to a gender of frogs associated with wetlands and small lakes in 

the highlands of Costa Rica. In Panama this species is possibly extinct (Savage, 

2002). Considering this, we decided to create an environment that would give the 

animals the possibility of being in an aquatic (L1) or  terrestrial space (L2). The third 

level (L3) arose from the preference of some animals towards a higher perch, giving 

use to the top view of the shelter; the preference of some species for higher perches 

is known with the intention of improving the characteristics of their calls (Santos & 

Rossa-Feres, 2007). In Costa Rica we have ranids (including L. vibicarius) that, 

despite having a dependence on water for reproduction, show a certain preference 

towards terrestrial environments as adults (Savage, 2002). This preference 

manifested itself in the same way in the laboratory when making a greater use of the 

terrestrial space of the primary enclosure.  

There is information on the importance of the design of enclosures in reptiles 

and birds (Alberts, 1994; Mallapur, Qureshi, & Chellam, 2002; Tan et al., 2013), but 

data available for amphibians is very scarce. The design of the enclosures and the 

knowledge of natural history are critical aspects in assuring animal welfare during the 

development of ex situ programs of any animal species by offering the indicated 

space quality (Estevez & Christman, 2006; Kohn, 1994; National Research Council, 

2011).  

There are few reports of behavioral associations with Bd infection; however, 

there are reports of Australian rainforest stream frogs with interspecific variations in 

the probability of transmission where the frequency of contact with other frogs and 

with water, as well as the use of substrate could define the infection and susceptibility 

of these species (Rowley & Alford, 2007). Also in Australia, it is suggested that higher 

thermal preferences selected naturally or artificially by some frogs could reduce 

susceptibility to this potential pathogen. On the other hand, there are suggestions of 

an influence of the pathogen improving the properties of the call in order to achieve 

an earlier reproduction in the host and increase its probability of transmission (An & 

Waldman, 2016). This could not be confirmed in another Australian species where 

there were no effects of the infection status of the fungus or intensity of the infection 

on the properties of the call (Greenspan, Roznik, Schwarzkopf, Alford, & Pike, 2016). 



This type of reports made us think about the possibility of some behavioral alteration 

that we could identify in the experimental infection process. 

 We were motivated to establish a systematic monitoring for the experimental 

infection because of an acute toxicity event on the third and fourth days of treatment 

with itraconazole in L. vibicarius and Lithobates taylori where behavioral alterations 

were observed (Alvarado et al., data unpublished). Behavioral evaluation 

methodologies are well established especially for the evaluation of ecotoxicological 

aspects (Cohn & MacPhail, 1996), but behavioral studies in infection processes are 

less common. From an animal welfare perspective, we are concerned about the 

possible manifestations of distress that animals may experience and the compromise 

of their health, but possible indicators to establish this distress in these animals are 

poorly understood. In wild frogs, distress call is an indicator well studied for situations 

of high emergency in the animals (Hodl & Gollmann, 1986; Santana & Moura, 2011). 

From a scientific perspective there is a risk that the distress influences the quality of 

the data generated with animals in the research. 

In general, amphibian enclosures are not considered enriched environments; 

this may be due to the complex and specific requirements of temperature, humidity, 

housing, water quality and live food assumed as essential for its successful 

maintenance. (Burghardt, 2013). Regarding the investment of time by quadrants in L2 

their preference for the refuge and its surroundings, as well as the RPQ where the 

water misting nozzle was located, is an interesting phenomenon. Also in L1 there 

was an association with the presence of the drain tube in RAQt. This suggests that 

the presence of elements in the enclosure could favor the preference of use of 

space. We know that the best chance of finding a L. vibicarius in our enclosure was 

inside the shelter in L2. Similarly, the design of the enclosure is a base that can be 

modified according to the different research needs of the researcher. 

Unfortunately, working with amphibians in captivity is based mainly on informal 

anecdotal reports lacking documentation. This experiment represented a unique 

opportunity to see possible alterations in the use of space and behavior of frogs 

during an experimental infectious process. There are reports of abnormal postures 

caused by chytridiomycosis, but they have never been characterized (Voyles et al., 

2012). Our goal was not to associate these body postures or head positions with 

specific behaviors; we wanted to determine some possible difference between 

uninfected and infected experimental groups. However, this study can be a first step 



for the objective and systematic characterization of a body posture and head position 

for a frog. The posture and head position B2H2 seems to be the expected form for L. 

vibicarius in our laboratory conditions. 

Observations on the increase of brief movements, rotations or jumps should 

be considered in further detail in future studies as possible indicators of quantifiable 

behavioral alterations due to Bd infection. However, the interpretation of this 

information must be done carefully. In acute intoxication events due to the treatment 

of itraconazole, the increase in the frequency of these behaviors was very noticeable 

(Alvarado et al., data unpublished). The calling was not one of the best indicators due 

to the fact that the animals were placed in separate enclosures and this did not allow 

the adequate interaction between individuals. 

In the early stages of an applied research field, anecdotal data is often the 

only available source of other people´s observations or the success of their 

implemented work. The key value of these reports is to provide precise details about 

what was done and the behavior observed. In behavioral analysis, only one or a few 

individual animals are often studied even in experiments (Saudargas & Drummer, 

1996), so small-scale studies can be extremely useful. 

It is important to evaluate how the animal perceives, interprets and 

experiences its environment (Burghardt, 2013). This is the basis to be able to 

guarantee the welfare of the individuals that are part of an experimentation process 

or an ex situ conservation program. All clinical and health aspects have been 

organized in a parallel study focused on the experimental infection performed 

(Alvarado, unpublished data). Regarding the evaluation of space use and behavior, 

they do have significant alterations that generate an important difference between 

infected and uninfected animals groups. This suggests that the Bd infection does not 

cause a behavioral alteration with a clear pattern in L. vibicarius under laboratory 

conditions and it gives rise to a methodology and ethogram for the evaluation of 

amphibian behavior indicators under experimental conditions.  
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Fig. 1.  Views of the microenvironment designed for Lithobates. A. Back view. B. Left 
side view. C. Top view. D. Right side vie E. Frontal view. 
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Fig. 2. Percentages of time of use in each level between uninfected (U) and infected 
(I) frogs per sampling point (24 h, 7, 14, 28 and 56 days). L1: Level 1, L2: Level 2, 
L3: Level 3.   



 

Fig. 3. Time spend (seconds) in the quadrants of the L1 by uninfected (U) and 
infected (I) frogs per sampling point (24 h, 7, 14, 28 and 56 days). LPQ: left posterior 
quadrant, LAQ: left anterior quadrant, RPQ: right posterior quadrant, RAQ: right 
anterior quandrant, RAQt: right anterior quandrant with animal supported in the tube.



 

Fig. 4. Time spend (seconds) in the quadrants of the L2 between uninfected (U) and 
infected (I) frogs per sampling point (24 h, 7, 14, 28 and 56 days). LPQ: left posterior 
quadrant when animal is inside of shelter, LPQ: left posterior quadrant, LAQ: left 
anterior quadrant, RPQ: right posterior quadrant, RAQ: right anterior quandrant. 



Fig. 5. Percentages of time in each different body posture between uninfected (U) 
and infected (I) frogs per sampling point (24 h, 7, 14, 28 and 56 days). Body position 
descriptions are detailed in the ethogram (Table 1).  

  



 

Fig. 6. Percentages of time in each different head position between uninfected (U) 
and infected (I) frogs per sampling point (24 h, 7, 14, 28 and 56 days). Head 
positions descriptions are detailed in the ethogram (Table 1).  



Table 2. Frequencies (n) in different activities between uninfected (U) and infected (I) 
frogs per sampling point (24 h, 7, 14, 28 and 56 days). Asterisk is n infected. 
Activities descriptions are detailed in the ethogram (Table 1). 

Recording 
Time 

Brief movement Rotation Jump 
U I U I U I 

24 h 17 (5) 40 (4) 3 (2) 13 (3) 1 (1) 13 (2) 
7 d 5 (4) 37 (4) 3 (1) 2 (1) 14 (2) 13 (1) 

14 d 28 (4) 44 (5) 7 (3) 13 (2) 1 (1) 17 (1) 
28 d 14 (4) 33 (4, 0*)  5 (2) 0 (0) 4 (2) 4 (3) 
56 d 11 (4) 38 (5, 1*) 0 (0) 6 (2, 0*) 0 (0) 18 (2) 

 



5 FINAL CONSIDERATIONS 

 

Costa Rica represents, on a small scale, the global phenomenon of amphibian 

population declines observed from the end of 80s to the current days. Around 20 

species were believed to be extinct in the 90s. These species mainly came from the 

highlands of the country and fast-moving waters streams; however, the phenomenon 

also included species like Lithobates vibicarius, which is one of the most common 

ranids from all the mountain ranges of the country. The last specimen that was 

collected and registered was in 1990, according to the Zoology Museum from the 

University of Costa Rica. 

Since 2002, there have been reported a series of reappearances in the 

country, starting with L. vibicarius; this population was the only one reported, and 

with it, new registrations were expanded and determined, up to the point of getting 

two extensive protected areas with well-established populations of this species. 

Nonetheless, the populations from the northern, middle-eastern and eastern parts of 

the country have not been reestablished.  

One of the main hypotheses that explain the amphibian population declines is 

the one that states that the presence of the strain Batrachochytrium dendrobatidis, 

ethiological agent responsible for the disease known as Chytridiomycosis in the 

amphibians, played a major role in the process. However, there is not a robust 

causality study that confirms this strain to be the agent causing lesions that cause the 

death of animals at the moment these declines happened. Without a doubt, this has 

been an event that the scientific community was not expecting; therefore, there is not 

enough context or any interdisciplinary investigation regarding this kind of 

phenomena.  

 The reappearance of amphibian species does not solve the conservation 

aspects, but rather it reactivates the process by placing a species under human 

responsibility and very harsh conditions for its survival. The reappearance of species 

will normally be in small numbers and in restricted locations; therefore, this will be a 

species that will be on the brink of extinction again. 

Before thinking of a reintroduction or translocation program for the L. 

vibicarius, it is important to know its response as a host when exposed to 

Batrachochytrium dendrobatidis. It is important to mention that in the current 

research the used strain of Bd was the one exposed to this species in order to 



manage it eventually. Knowing the susceptibility of the species to Bd is ideal before 

assuming the costs of an ex situ management and conservation program.  

The biggest challenge on an experimental infection process is the 

establishment of the best husbandry and maintenance conditions for the animals. 

Defining the most appropriate food, housing, animal welfare and biosecurity 

measures, the consolidation and correct application of all the standardized 

operational procedures, are all indispensable elements that guarantee the 

repetitiveness of the data and quality of this investigation. This is one of the aspects 

that require the largest investment of time and economic resources. The fact we are 

dealing with a wild animal, with no previous captivity background, represents an even 

greater challenge. 

L. vibicarius was capable of resolving clinical signs in a period of two weeks, 

and in a period of eight weeks, where more than 80% of the experimentally infected 

animals successfully eliminated Bd. Additionally, there were no signs of anatomo-

histopathological, hematological or behavioral alterations directly associated with the 

experimental infection process. Based on our results, it is feasible to consider the Bd 

infection in this species is self-limiting with a low morbidity and no death results. 

Our study suggests that the Bd infection does not cause a behavioral 

alteration with a clear pattern in L. vibicarius under laboratory conditions but it gives 

rise to a methodology and ethogram for the evaluation of behavior indicators under 

experimental conditions. The description of the use of space, body posture and head 

position most likely valuable information. It is important knowledge to be able to 

guarantee the welfare of the individuals that are part of an experimentation process 

or an ex situ conservation program. 

According to the results of our investigation, it is suggest that it is not possible 

to attribute the decline of L. vibicarius solely to chytridiomycosis based only on the 

diagnoses of the infection, despite the mortality observed in wild in the 90s. 

Complementary studies are needed to uncover the various aspects related to in situ 

mortalities. 
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