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Abstract 

 Amphibians nowadays are the most endangered vertebrate group in the world. 

Considering the various threats that affect them, such as global climate change, 

pollution, invasive species, human alterations and emerging diseases, their population 

numbers are rapidly decreasing and causing many communities to become endangered 

or even extinct. One of the major threats is wildlife emerging diseases with 

chytridiomycosis as an impactful problem specific to amphibians worldwide. Induced 

by two pathogens, Batrachochytrium dendrobatidis (Bd) and Batrachochytrium 

salamandrivorans (Bsal), the disease had successfully spread via human pet trade.  

Newly discovered pathogen Bsal (originating from Asia) has caused massive losses in 

western European wildlife Caudata populations and the spread is continuous. In view of 

having a more precise picture of the pathogen’s distribution, we have conducted 

research on the premises of Croatia, as one of the susceptible and less monitored 

countries. By following standard protocols for non-invasive sampling and analysis of 

DNA samples, we have contributed to a better overview in the distribution of the 

disease and the health status of wild Caudates in these areas. Due to the current lack 

of Bsal presence found in Croatia, preventive measures will help to protect this highly 

endangered group against future infections.  

 

Keywords: chytridiomycosis, amphibian conservation, Bsal, Batrachochytrium 

dendrobatidis, newts, salamanders 

 

 

 

 

 

 

 

 



 
 

Abstrakt.  

 Obojživelníci jsou v současnosti nejohroženější skupinou obratlovců na světě. V 

důsledku mnoha ohrožujících příčin, jako např. globální klimatická změna, znečištění, 

vliv invazních druhů, změny v krajině či patogenů a nemocí, se jejich početní stavy 

snižují, některé druhy již prokazatelně vyhynuly. Jednou z nejnebezpečnějších příčin 

jsou zmíněné nemoci, zejména chytridiomykóza způsobená dvěma patogeny – 

Batrachochytrium dendrobatidis (Bd) and Batrachochytrium salamandrivorans 

(Bsal), k jejichž rozšíření výrazně napomohl člověk v rámci mezinárodního obchodu s 

obojživelníky. Nedávno objevený patogen Bsal způsobil hromadné úhyny ocasatých 

obojživelníků v Evropě, kam byl zavlečen z Asie. Za účelem zmapování situace stran 

výskytu tohoto patogenu v Chorvatsku, zemi s vysokou diverzitou citlivých druhů a 

současně zemi dosud v rámci monitoring opomíjenou, byl proveden monitoring 

patogenu Bsal na vybraných lokalitách. Vzorky (stěry z pokožky) byly odebírány a 

následně analyzovány standardními technikami (pomocí PCR detekující přítomnost 

DNA patogenu). Výskyt patogenu naštěstí u sledovaných populací prokázán nebyl. O to 

důležitější je důsledně dodržovat opatření preventivního charakteru, aby se zamezilo 

zavlečení patogenu do nových oblastí. 

 

Klíčová slova: chytridiomykóza, ochrana obojživelníků, Bsal, Batrachochytrium 

dendrobatidis, čolci, mloci 
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1. Introduction 

 Currently, amphibians are the most endangered vertebrate group which is listed 

by IUCN Red List of threatened species, with over than 41% of endangered species 

over the world (IUCN, 2020). The causes of declines are various and considered to be 

consequences of the debated 6th mass extinction (Briggs, 2017; Ceballos et al., 2015). 

Climate change, pollution, habitat alteration, invasive species are just some of the 

leading threats to amphibian declines (Murray et al., 2011; Stuart et al., 2004). 

Furthermore, with increasing globalization and human development, new dangerous 

causes have occurred, such as overexploitation and emerging diseases (Fisher & 

Garner, 2007).  

 Amphibians have been affected by numerous emerging diseases responsible for 

their population declines and extinctions (Blaustein et al., 2018; Lips et al., 2006). One 

of them are ranaviruses, whose impact on amphibian populations was felt over five 

continents (Miller et al., 2011). The second, and probably even more severe disease, is 

chytridiomycosis, caused by two fungal pathogens Batrachochytrium dendrobatidis (Bd) 

and Batrachochytrium salamandrivorans (Bsal) (Lips, 2016). 

 Bd was described earlier in 1990s affecting the orders of Anura (frogs and 

toads) and Caudata (salamanders and newts) (Longcore et al., 1999), while Bsal is a 

newly described pathogen impacting only order of Caudata (Martel et al., 2013). Clinical 

symptoms for both fungi are anorexia, ataxia and abnormal posturing (Martel et al., 

2013; Pessier, 2007). Since the impact of both fungi is located on keratinized skin, in 

the case of Bd it creates discoloration, thickening of the skin's superficial layer, 

accompanied by loss of skin breathing capability and, eventually, a blockage of 

osmoregulation resulting in death (Berger et al., 2005; Pessier, 2007). As for Bsal, the 

fugus also influences the skin, invading the deeper layers of epidermis. Typical signs 

are the creation of multifocal superficial erosions with deeper ulceration, following 

epidermis decay, and excessive skin shedding and thickening (Blooi et al., 2015a; Gray 

et al., 2015; Martel et al., 2013). Death can occur up to seven days or more, depending 

on the level of infection (Berger et al., 2016; Blooi et al., 2015a; Blooi et al., 2015b; 

Stegen et al., 2017; Van Rooij et al., 2015).  

  Since the discovery of Bsal is recent, the information about distribution and the 

consequences on amphibian communities are not the same as in case of Bd. 
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Nevertheless, its dispersal is quite efficient and extremely virulent to many Caudate 

species (Martel et al., 2014; Spitzen-van der Sluijs et al., 2016). Originating from 

Southeast Asia, it arrived in Europe most likely via pet trade (Laking et al., 2017; Martel 

et al., 2014). Starting in the Netherlands, it has spread over Belgium and Germany 

towards the newly discovered presence in wild amphibian populations in Spain 

(González et al., 2019; A. Martel et al., 2014; An Martel et al., 2020; Spitzen-Van Der 

Sluijs et al., 2013; Spitzen-van der Sluijs et al., 2016). So far, Bsal establishment in 

Europe was detected in wild populations of alpine newt (Ichthyosaura alpestris), smooth 

newt (Lissotriton vulgaris), fire salamander (Salamandra salamandra), and newly 

detected in palmate newt (Lissotriton helveticus) and marbled newt (Triturus 

marmoratus) (González et al., 2019; Martel et al., 2014; Martel et al., 2020; Spitzen-van 

der Sluijs et al., 2016). In captive collections Bsal was confirmed in Netherlands, 

Belgium, United Kingdom, Germany and Spain (Andrew A. Cunningham et al., 2015; 

Fitzpatrick, Pasmans, Martel, & Cunningham, 2018; More, Angel Miranda, Bicout, 

Bøtner, Butterworth, Calistri, Depner, Edwards, Garin-Bastuji, et al., 2018; Sabino-Pinto 

et al., 2015). 

 Since the disease has been officially listed by World Organization for Animal 

Health (OIE) as a dangerous threat towards amphibians worldwide, it is necessary to 

keep performing monitoring activities for detection and prevention of unaffected 

populations (More, Angel Miranda, Bicout, Bøtner, Butterworth, Calistri, Depner, 

Edwards, Garin-Bastuji, et al., 2018). In the case of Bsal, many areas have been 

neglected to monitor for pathogens, one such area is Croatia (Beukema et al., 2018; 

More, Angel Miranda, Bicout, Bøtner, Butterworth, Calistri, Depner, Edwards, Garin-

Bastuji, et al., 2018). In the past, there have been just three projects conducted for the 

presence of Bd and only two for Bsal (Garner et al., 2005; González et al., 2019; More 

et al., 2018; Vörös & Jelić, 2011).  

 Considering the facts that Balkan Peninsula is a hotspot of European amphibian 

diversity with the presence of many susceptible species and that Croatia was marked 

as one of the susceptible countries by environmental conditions (Beukema et al., 2018; 

Džukić & Kalezić, 2004; Martel et al., 2014). Therefore, the main aim of my diploma 

thesis is to perform a monitoring of the presence of the new amphibian pathogen, Bsal, 

within wild populations of Caudates in Croatia.  
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2. Goals 

The main aim of the diploma thesis is monitoring the pathogen B. salamandrivorans 

(Bsal) in selected wild populations of salamanders and newts in Croatia. To reach this 

main goal, it is necessary: 

 To select a target species for the monitoring of the fungus in Croatia. The 

species should be a member of newt’s family and simultaneously susceptible to 

Bsal. 

 To select places for subsequent monitoring with the presence of target species. 

 To perform field monitoring by taking skin samples and analyses of the 

pathogen presence by standard techniques (all samples by PCR, positives or 

equivocal results will be reanalysed by qPCR) and procedures in molecular 

laboratory. 

 Based on results of analyses to suggest measures for conservation of target 

species and other susceptible amphibians in Croatia against the monitored 

pathogen. 
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3. Literature Review 

 To understand risk of amphibian pathogens we should know more about their 

ecology and distribution, therefore I am focusing within my literature review on general 

requirements and characteristics of amphibians together with major threats that are 

shaping their future. We will start with an overview of all threats on amphibians and 

working towards emerging diseases. Among the emerging diseases, we focus on the 

major emerging pathogens of amphibian communities, specifically on targeted Bsal 

pathogen.  

 

3.1 Overview of Threats to Amphibians 

 In the past few decades, the rate of extinction has increased that the scientific 

world is debating if the Earth is facing a 6th mass extinction (Briggs, 2017; Ceballos et 

al., 2015). Therefore, from the 1980’s, there have been many conventions and 

conservation programs with the worldwide effort on collecting the data, making the 

monitoring of biodiversity and evolving measurements for its protection (Cardinale et al., 

2012). In 1948, International Union of Conservation of Nature (IUCN) was established 

with a goal to lead the global efforts in the conservation actions of biodiversity of 

species and habitat with developed scientific knowledge and tools (IUCN, 2020). Since 

that time, developed and shared methods of monitoring contributed in creating todays 

world’s most comprehensive data source on the global extinction risk of species (IUCN, 

2020). Nowadays, the current situation reported by IUCN show the percentage of 

endangered vertebrate groups (see Figure 1). At present, the most threatened 

vertebrate group on IUCN Red List are amphibians with more than 40% of species 

threatened to extinction worldwide, meanwhile in Europe almost 23% of species are 

placed in IUCN categories from “Vulnerable (VU)” to “Critically endangered (CR)” (see 

Figure 2) (European Commission, 2020). Amphibians are severely affected by many 

threats, these current drivers are habitat loss, global climate change, pollution and 

invasive species (Murray et al., 2011; Stuart et al., 2004). At the same time, the 

amphibian trade and emerging infectious diseases are sharping its conservation 

concern (Fisher & Garner, 2007). In the following text, I am going to explain why the 

amphibians are the most affected taxa, and on a which way the above-mentioned 

global drivers affect them. 
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Figure 1: The most threatened vertebrate group on IUCN Red List. Data was adopted from 

IUCN, 2020. 

 

 

Figure 2: Red List status of amphibians in Europe. Last Concern (LC), Not Threatened (NT), 

Vulnerable (VU), Endangered (EN), Critically Endangered (CE), Data Deficit (DD). Data was 

adopted from European Commission, 2020. 
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3.1.1 Climate Change 

 Global climate change is a serious threat to biodiversity and various 

ecosystems; hence, it is considered to be one of the drivers for debated 6 th mass 

extinction (Briggs, 2017). For the past 100 years, the global average temperature has 

been recorded to increase for 0,85°C, which caused diverse weather changes (IPCC, 

2013). Consequences like global warming, increased UV radiation and extreme 

weather events (floods and droughts) have made various effects on wildlife and 

ecosystems (IPCC, 2007; Parmesan & Yohe, 2003). Furthermore, climate change is 

usually not working alone, but in relation with other threats such as: industrial threat 

(logging, agriculture, chemical etc.), overuse of food and energy, waste management, 

water management etc. Hence, together they are having synergetic and stronger 

effects on nature (IPCC, 2007).   

 As it has been stated above, the most threatened taxa by climate change are 

amphibians (Warren et al., 2013). Furthermore, their populations are easily susceptible 

to suffer from declines and extinctions since amphibians have very complex habitat 

requirements, are highly susceptible to weather changes and have low dispersal 

abilities (Blaustein et al., 2010; Warren et al., 2013). Atmospheric changes, mostly 

caused by pollution, can have a strong impact on lifelong adaptation. Moreover, the 

annual change in precipitation and temperature rise can leave an effect on physiology, 

behaviour, breeding phenology, amphibian reproductive success and the ecology of 

various species (Araújo et al., 2006; Blaustein et al., 2010; Hayes et al., 2010a). In case 

of the change in rain pattern, water bodies that serves as a reproduction site (especially 

in semi-arid regions) would decrease and with them, amphibians would not be able to 

have a proper reproduction. Hence, there are a lower number of individuals reproducing 

which leads to the proportion of successfully developed offspring being lower, thus the 

population size decreases (Araújo et al., 2006). In the event of significant weather 

changes and consequent population migration, populations may overcome the barriers 

due to the fragmented habitats. Hence, the populations are less likely to find new 

suitable habitat. Without connectivity between habitats, populations may suffer from 

less genetic variability, thus being less resistant towards other threats (Subba et al., 

2018). Communities that are affected by weather changes (e.g. temperature and 

precipitation) and fragmentation would presumably suffer from the immunity decrease 

and therefore would be more susceptible for infective diseases (Araújo et al., 2006).  
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 Besides being affected by precipitation and temperature changes, amphibians 

are also endangered by the increased levels of UV-B radiation (Hayes et al., 2010a; 

Hyla, 2020). Kiesecker et al. (2001) found out that during the drier period and reduced 

pond water levels, embryos are exposed to greater levels of UV-B radiation, which 

makes them more susceptible to infectious diseases. Furthermore, individuals, after 

being exposed to the combination of UV-B radiation and chemicals, would suffer from 

sublethal effects and lower hatching success (depending about the species) (Blaustein 

et al., 2003). Due to this synergetic effect of climate change and UV-B radiation, other 

factors like contaminants and pathogens tend to have a greater effectiveness (Blaustein 

et al., 2003; Cockell & Blaustein, 2001). By cause of atmospheric pollution, the global 

temperature increase, and rain patter will probably make an impact on the extinction of 

numerous species (Briggs, 2017). 

 

3.1.2 Pollution 

 There are various forms of pollution, which affects air, water, soil, etc., but one 

with the greatest effect is air pollution, which causes precipitation and temperature 

changes (IPCC, 2007). Environmental pollutants, such as pesticide atrazine, are very 

dangerous since they have the ability to cause reproductive and development changes 

without further altering of the physiology or health of an animal (Thurman & Cromwell, 

2000). Atrazine, as one of pollutants, is common pesticide in agriculture over the world, 

with possible dispersal of 1,000km even during the rainy weather (Thurman & 

Cromwell, 2000). The main characteristics of this pesticide are the feminization of male 

individuals and the hormonal stress which inhibits breeding development behaviour 

(Hayes et al., 2010a). In case of complete feminization, breeding occurs between two 

males which then result in viable eggs but with 100% male offspring such as in African 

clawed frogs (Xenopus laevis) (Gutierrez & Teem, 2006; Hayes et al., 2010b). 

Furthermore, males that are not “turned over” are unable to compete and have lower 

fertility since their male characteristic have gradually been decreased (feminized 

laryngeal structures, decreased breeding gland size, decreased mature sperm) (Murphy 

et al., 2006). 

 Additionally, atmospheric changes have diverse indirect effect on levels of 

environmental pollutants depending about their specifications (Hayes et al., 2010b). In 
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some cases, with the increasement of atmospheric changes levels of pollutants reduce 

or vaporize into the atmosphere, while vice versa, other chemical in combination with 

temperature or precipitation just increase their impact on the environment (Hayes et al., 

2010a). For example, the positive influence on degradation of chemical is with 

increased UV-B radiation which breaks the environmental pollutant into less harmful 

compounds and hence the impact reduces (Chen et al., 2009). Meanwhile, negative 

example would be with the atmospheric moisture such as fog, which forces the 

contaminants to stay put on the land, making their concentrations in nature higher 

(Sparling et al., 2001). Considering that amphibians in their life cycle go through the 

phase of metamorphose (which can be stimulated faster with the increasement of 

temperature), higher concentrations of environmental pollutants can present a serious 

threat. Since amphibian bodies are going through several changes, the immunity 

system is still in the development which makes the individuals more vulnerable (Rollins-

Smith et al., 2011).  

 

3.1.3 Habitat Loss and Alteration 

 Habitat modification and alteration is one of the most impactful threats on 

amphibians’ communities (Hayes et al., 2010a). Since amphibians have various 

requirements (dominantly aquatic-terrestrial, terrestrial or aquatic) and they are 

dependent on migration from one habitat to another, loosing just one of these habitats 

would present a serious threat to amphibian life cycle (Dodd & Smith, 2003). Habitats 

are used not only for reproduction, but also as migration corridors, feeding sites and as 

a refuge’s locations during different types of temperature extremes (Dodd & Smith, 

2003).  

 Direct human alteration of amphibian’s habitat is mostly altered by physical 

change of a habitat and we can divide it into; habitat destruction, habitat transformation 

and habitat fragmentation (AmphibiaWeb, 2020; Dodd & Smith, 2003). Habitat 

destruction is defined as the complete elimination of a local or regional ecosystem 

leading to the total loss of its former biological function (Dodd & Smith, 2003). Most 

obvious example would be the drainage of the original habitat and its transformation 

into any typical urban area (e.g. parking lot, housing development or agricultural 

development etc.). After the habitat is transformed, for example into agricultural field, 
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the next threat can be habitat alteration defined as changes made to the environment 

that adversely affect ecosystem function, although not necessarily completely or 

permanently (Dodd & Smith, 2003). For example, destruction of habitat from grazing of 

livestock can present a serious problem for amphibians and organisms living in ponds 

or any kind of aquatic environments surrounded with an agricultural land. The last 

addressed habitat transformation here would be fragmentation. Fragmentation which 

creates a patchy habitat structure has both direct and indirect impact on amphibians 

due to human activity. Many previously large populations may be divided into numerous 

smaller populations which may be at great threat to other environmental factors (Wind, 

1999). Natural metapopulations may be at higher risk from habitat fragmentation since 

their persistence depends on the biological corridors and connection between 

population (Dodd & Smith, 2003). If fragmentation of the landscape destroys these 

corridors, each small population can be at the greater risk of extinction (Dodd & Smith, 

2003; Hanski, 1999; Wind, 1999).  

 As mentioned before, considering that amphibians have low dispersal abilities, 

the changes in habitat would present a serious problem for continuing their life cycle 

(Wind, 1999). Hence, populations would gradually lose genetic variability and with the 

time, the strength to resist climate change, physical change and invasive species 

alterations (Hanski, 1999; Wind, 1999). Other examples of human alteration threats that 

are influencing on amphibians’ migrations and recruitment are: increased global 

urbanization, change of water regimes, agricultural modification, logging, etc (Dodd & 

Smith, 2003; Hayes et al., 2010a).  

 

3.1.4 Overexploitation 

 The already threatened amphibian species are also endangered from many 

types of activities, such as: medicine, science, and food and trade which have the 

biggest impact (AmphibiaWeb, 2020). Amphibians are commonly used in trade all over 

the world. The range of species used in a trade is very wide, but the most wanted once 

are generally exotic species from the rainforests of Africa, South America, Central 

America and Southeast Asia (Rowley et al., 2016). Many species of Caudata from 

Southeast Asia are in great danger from the pet trade worldwide (Rowley et al., 2016). 

The main exporters of Asiatic Salamandridae species are: China (65%), Hong Kong 
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SAR (22%) and Japan (9%) (UNEP-WCMC, 2016). The biggest importer of wild-caught 

amphibians is United States of America (USA). In USA, from 2002–2004, the trade of 

more than 26 million individuals has been recorded legally together with the 127 non-

native species, probably intended to be used in the pet trade (Jenkins et al., 2007; 

Schlaepfer et al., 2005). 

 According to report of UNEP-WCMC, (2016), in Europe, the biggest importers of 

live Asiatic Salamandridae are Germany (79%), the Czech Republic (18%) and Spain 

(3%). The problem of the amphibian trade is not just in exploiting the wildlife 

populations, but also the consequences that comes with it; the potential to spread and 

introduce invasive species and wildlife diseases more easily around the world (Fisher & 

Garner, 2007; Kriger & Hero, 2009). 

 

3.1.5 Invasive Species 

 Spread of invasive species by humans can happen indirectly through 

modification of habitat (changed hydrology of freshwater sites or through built roads) 

which they further use as a pathway to the native habitat, or often through pet trade or 

trade for other purposes (D’Amore et al., 2010; Rowley et al., 2016; Stuart et al., 2004). 

The other potential driver of invasion is climate change impact, which forces the species 

to migrate, e.g. away from the equator and upward the mountains (Ficetola et al., 

2007). 

 The reason why invasive species are out winning the native populations is 

because they have wider adaptation range and higher resistance to disturbances (such 

as pollution). Pollution is transforming the habitat, thus only species which can tolerate 

those changes can survive. Invasive species are typically able to adjust to alerted 

conditions better than native once (D’Amore et al., 2010; Ficetola et al., 2007). 

 Being able to persist in such conditions, gives them a chance to drive out the 

native population from their habitat with competitive performances. Competition is 

happening with respect to food or breeding sites (D’Amore et al., 2009; Hayes et al., 

2010a). Such examples can be the American bullfrog (Lithobates catesbeianus) in 

Western United States and British Columbia, the cane toad (Rhinella marina) in 

Australia, and the Puerto Rican coqui (Eleutherodactylus coqui) that was accidently 

introduced to Hawaii in the late 1980’s (AmphibiaWeb, 2020). Furthermore, amphibian 
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eggs and aquatic larvae are especially at risk from the predation of invasive species 

(Kats & Ferrer, 2003). The example of such an invasion is the trout introduction through 

Sierra Nevada in USA for sport fishing, which decreased the mountain yellow–legged 

frog populations (Rana muscosa) (Knapp & Matthews, 2000). Additionally, invasive 

species can also present a risk due to their ability to bring a new pathogen to the 

healthy population while altering the native habitat (Hayes et al., 2010a). 

 

3.2 Emerging Pathogens 

 One of the most influential drivers of today’s amphibian declines are emerging 

diseases (Blaustein et al., 2018). Further in the chapter, I am going to present two main 

severe groups of amphibian pathogens – ranaviruses and chytrid fungi 

Batrachochytrium dendrobatidis (Bd) and Batrachochytrium salamandrivorans (Bsal) 

which are responsible for the disease chytridiomycosis.  

 

3.2.1 Ranaviruses 

 Ranaviruses are one of the most well recognized emerging pathogens in the 

amphibian communities responsible for worldwide die offs (Miller et al., 2011). 

Moreover, ranaviruses along with chytridiomycosis, presents a serious threat to 

amphibian populations declines and extinctions (Rollins-Smith, 2017; Rosa et al., 

2017). Ranaviruses are related to aquatic environment and affects amphibians (Anura 

and Caudata), fish and reptiles (Miller et al., 2011). The taxa have six species from 

which three main groups affecting amphibians are: Ambystoma tigrinum virus (ATV), 

Frog virus 3 (FV3) and the common midwife toad virus (CMTV) (Price et al., 2017). 

They belong to the genus Ranavirus, the Iridoviridae family (double-stranded DNA 

viruses) and they are widely recognized in 72 amphibian species and in 14 families 

(Miller et al., 2011). Confirmed on five continents (North America, South America, 

Australia, Asia, and Europe), most of the recorded death incidents occurred in North 

America and Europe (Miller et al., 2011).  

 The level of infection generally depends about host specifics and on the species 

age range (Brunner et al., 2015). Furthermore, amphibians at all life stages are 

susceptible to this virus, but the most critical cases of infection are identified in larvae 
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stages, while adults are more resistant and are known to carry infections that are 

asymptomatic (Brunner et al., 2015). Furthermore, some species in aquatic and 

terrestrial habitat can survive ranaviruses infection with only sublethal effects, hence 

acting as natural reservoirs for the disease (Gray et al., 2009). Additionally, reptiles and 

fish are also identified as potential reservoirs for amphibian type viruses (Brenes et al., 

2014) .  

 Ranaviruses have the ability to persist in different environmental surroundings 

and to wait for the more favourable conditions and occurrence of susceptible host. 

When the susceptible host appears, transmission of ranaviruses happens via food, 

feces, water and handling (fomites) (Gray et al., 2009). In nature, viruses can 

overwinter between epidemics and to persist for a longer time in water and soil. 

Persistence time of free virions in water of 4°C can go up to weeks or months (Plumb & 

Zilberg, 1999). In the soil, the virus requires wet and cool conditions for its survival 

(Nazir et al., 2012). 

 In various species and life stages, the viruses cause following; necrosis and 

haemorrhage with consequent symptoms such as gross lesions (e.g. swelling, 

erythema), lethargy, lordosis, erratic swimming, anorexia, and buoyancy problems 

(Gray et al., 2009; Miller et al., 2011). Additionally, in both larvae and adults, extensive 

organ necrosis can be detected. The most affected organs are liver, spleen, kidney and 

intestines (Converse & Green, 2005). In some cases, clinical signs are not visible, and 

the animal just suddenly dies (Cunningham, 1996). Proper treatment of animals is still 

not developed. Iridoviral oral vaccine is being tested on fish and hopefully will give the 

further insight in development of vaccine for amphibians (Tamara et al., 2006). 

Currently the only possible support is to keep animal hydrated and to try to prevent the 

occurrence of secondary bacterial infection (Densmore & Green, 2007). 

 

3.2.2 Chytridiomycosis 

 Chytridiomycosis is a disease responsible for severe declines and extinctions in 

amphibian communities over the world (Fisher et al., 2012; Lips, 2016). It is driven by 

two fungal pathogens, Batrachochytrium dendrobatidis (Bd) and Batrachochytrium 

salamandrivorans (Bsal). It has been assumed that both pathogens are originating from 

Asia (Laking et al., 2017; Martel et al., 2014; O’Hanlon et al., 2018). While the 
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identification of them took place in different time: Bd has been described in 1999, and 

Bsal in 2013 (Longcore et al., 1999; Martel, Spitzen-Van Der Sluijs, et al., 2013). As for 

their dispersion, humans have been stated as the main influencers (Martel et al., 2014). 

In this part of review, I am focusing on a description of ecology and distribution of both 

fungi. The parts related to diagnosis of the disease and proposed conservation 

measures are also included. Within each part, I deal with both fungi, focusing on 

differences between them. Much more attention is paid to Bsal, as it is target pathogen 

within my diploma thesis. 

Taxonomy 

 Bd and Bsal are a chytrid fungi in the order Rhizophydiales, closely related to 

one another with the nearest saprobic non-pathogenic relative (Homolaphlyctis 

polyrhiza). Bd along with Bsal, belong to the Chytridiomycota, a "lower fungi" phylum 

(see in Figure 3). Such pristine microscopic fungi, with motile flagellated spores or 

known as zoospores, are distinguished by their non-micellar morphology. Chytrid fungi 

usually inhabit wetlands, such as wet soil or water, and are generally saprobic or 

parasitic on plants, algae, and invertebrate organisms (Longcore et al., 1999). However, 

from recent observations, chytrid fungi apparently can also be hosted on vertebrates’ 

groups (amphibians and fish) (Liew et al., 2017; Longcore et al., 1999; Martel et al., 

2013). The average estimation of separation of these two sister fungi, made using 

genetic coding, took place approximately 67.3 million years ago (Martel et al., 2014). 
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Figure 3: Cladogram tree taken from Van Rooij et al. (2015); showing the topology of the genus 

Batrachochytrium and the taxonomic position of Bd and Bsal is presented. The location of 

position is in (a) fungal kingdom, (b) the phylum Chytridiomycota and (c) the order of 

Rhizophydiales. The author has stated an uncertainty about position of Microsporidia and the 

unproportioned branch lengths in the view of genetic distance. 

 

Morphology and Life Cycle 

 Bd and Bsal both reproduce asexually, and their life cycle consists of two main 

life stages; motile flagellated zoospores and reproductive body or zoosporangium 

(thallus), which is developing asexual zoospores (see in Figure 4) (Berger et al., 2005; 

Longcore et al., 1999; Piotrowski et al., 2004). With the consumption of its flagellum and 

formation of a cell wall, zoospores encyst themselves and afterwards form the germling 

with rhizoids. The germling evolves into an immature zoosporangium which after a 

certain time forms itself into the last stage of a cycle; mature zoosporangium. 

Zoosporangium can develop into a monocentric (predominant; single sporangium) or 
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colonial form (less common, more than one sporangium). The mature zoosporangium 

with a develop discharged tube dissolves, and the new asexual zoospores are released 

out to repeat the cycle (Berger et al., 2005; Longcore et al., 1999). 

Batrachochytrium dendrobatidis 

 Bd temperature gradient for growth in culture is from 10°C to 25°C and the 

optimum temperature is from 17°C to 25°C, pH 6–7 (Voyles et al., 2012). As mentioned, 

zoosporangia production may be monocentral (thallus contains only one sporangium) or 

colonial (thallus contains more sporangia). However, in case of Bd, mostly the 

monocentric type of zoosporangia prevails (Longcore et al., 1999). Bd zoospores are 

only in motile flagellated form (Longcore et al., 1999). Zoospores have an interesting 

survival feature. Under sterile conditions, they can survive in water and land for weeks 

to months (Johnson & Speare, 2003; Voyles et al., 2012). Such traits can be a problem 

considering that they can accumulate somewhere and become a potential 

environmental reservoir. Bd transmission between adult units occurs indirectly by 

mobile water zoospores (Longcore et al., 1999) or by direct contact such as during 

mating (Piotrowski et al., 2004).  

Batrachochytrium salamandrivorans 

 Bsal temperature preferences are of wider and lower range than in Bd. The 

culture cycle is completed within five days at 15°C (Spitzen-Van Der Sluijs et al., 2013). 

The temperature range within which Bsal can grow is 5–25°C, but the most optimal 

temperature for the growth is 10–15°C. Mortality of Bsal is recorded on more than 25°C, 

until the discovery of Bsal presence in Vietnamese water ponds with temperature over 

than 26°C (Laking et al., 2017). This finding is suggesting that the temperature range of 

the disease may be greater than originally thought; further researches are required 

(Laking et al., 2017). 

 In the life cycle, Bsal varies from Bd in existence of an extra stage. The 

characteristics are the emergence of germ tubes from encysted zoospore which results 

in appearing of the novel sporangia and more abundant colonial thalli (see in Figure 4) 

(Spitzen-Van Der Sluijs et al., 2013). Regarding zoosporangia-generating thallus, as far 

as Bsal is concerned, it is mostly present in a monocentric form in which only one 

zoosporangium develops. In the case of colonial appearance, zoosporangia would be 

created along the inner septa (Longcore et al., 1999; Martel et al., 2013). Although the 
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thalli of Bsal is predominantly monocentric, the number of colonial thalli is more 

abundant compared to Bd (Martel et al., 2013).  

 The spores produced can be in the usual form with flagella that allow them to be 

transferred to other hosts, or they can be in an encysted non-motile form with thick–

walled and stronger resilience. After some time, non–motile spores develop resistance 

to predation by zooplanktons and are characterized by the ability to survive in filtered 

water for up to 30 days. And as they float, they can also be easily glued to new hosts 

or, for example, to the feet of waterfowl, which will then mediate their distribution into 

new, non-polluted habitats (Stegen et al., 2017). Sub-clinically infected salamanders 

and frogs can act as a passive carrier due to Bsal ability to persist on them over a few 

months (Stegen et al., 2017). Although the fungus response to non-amphibian hosts is 

not entirely certain, in the event that the disease can be transmitted via waterfowl, 

nature and wildlife could potentially be at double the risk of infection (see Figure 5) 

(Kolby et al., 2015). Furthermore, Kolby et al. (2015) stated that we should also not 

neglect the capabilities of chytrid fungus for aerial dispersal. When heavy rainfall occurs 

in the environment along with the onset of wind, it showers contaminated vegetation or 

animals housed in terrestrial or arboreal habitat. After such a vigorous wash, the 

shower allows the zoospores to move from their host (vegetation or animal) in the form 

of droplets, which are then distributed to further locations by wind. The droplet path and 

its relocation are influenced by wind speed and power, air temperature, and human 

mediations (Kolby et al., 2015). 
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Figure 4: Life cycle of Bd and Bsal in a culture. Bd life cycle (A, C, D, E); Bsal life cycle (A, B, 

B1, B2, C, D, E). (A) flagellated zoospores; (B) encysted zoospore; (B1) germ tube 

development; (B2) transport of a cell contents into a novel thallus; (C) germling with rhizoids; (D) 

immature zoosporangium development; (E) on the right, mature zoosporangium with 

monocentric formation and one discharge tube; and on the left, zoosporangium colonial 

formation consisting of several sporangia having their own discharge tubes. This figure was 

adopted from Van Rooij et al. (2015). 
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Figure 5: One variation of transmission path of Bsal in the environment. More detailed 

explanation described above. This picture was adopted from Stegen et al. (2017). 

 

 

Pathogenesis and signs of the disease 

 Chytridiomycosis is a severe lethal disease with devastating mortality outcomes 

(Mutschmann, 2015). Because both of its fungi are localized to grow on keratinized 

skin, Bd was thought that it influences skin breathing functions (Berger et al., 2006; 

Longcore et al., 1999). Infection causes excessive shedding and thus diversely 

influences on exchange of metabolites, minerals, nutrients and electrolytes 

(Mutschmann, 2015). Clinical sings are anorexia, ataxia, abnormal posturing and death 

(Pessier, 2007). The difference between Bd and Bsal is that in Bd, hyperkeratosis and 

hyperplasia are common side effects on amphibian epidermis, meanwhile in Bsal, 

amphibian skin is primarily suffering from lesions and focal necrosis (Lee Berger et al., 

2005; Martel et al., 2013). 
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Batrachochytrium dendrobatidis 

 When zoospores are lodged in keratinized skin, they induce hyperkeratosis, 

thickening of the skin's superficial layer, accompanied by loss of skin breathing 

capability and, eventually, a blockage of osmoregulation, until death (Berger et al., 

2005). Bd is present in all forms of amphibians, yet it acts most deadly on 

metamorphosed individuals. In adults, they can be found on the outer keratinizing layer 

of the skin, and in tadpoles on the external parts around the mouth and eyes that 

undercome the depigmentation as the result of the infection (Hanlon et al., 2015).  

Batrachochytrium salamandrivorans 

When animals become infected with Bsal, there is superficial erosion and great 

ulceration throughout the body (see in Figure 6). First, infection affects keratinized 

epidermal cells, and the deeper layers of the epidermis are invaded. Over time, 

multifocal superficial erosions are created with even deeper ulceration, leading to 

epidermis decay, excessive skin shedding and thickening (Blooi et al., 2015b; Gray et 

al., 2015b; Martel et al., 2013). The clinical signs of infection are animals suffer from 

anorexia, nervosa, apathy (lack of feelings or interest), ataxia (not able to control 

muscles) and after a certain period, it ends with death. Martel et al. (2014) stated that 

mortality in an individual can occur very quickly (up to seven days) or more than a 

month (54 days) within the experimental conditions on an infected fire salamander 

(Salamandra salamandra). This means that the level of infection and virulence will 

depend on several conditions such as environmental temperatures, stage of disease 

development and host susceptibility (Berger et al., 2016; Blooi et al., 2015a; Blooi et al., 

2015b; Stegen et al., 2017; Van Rooij et al., 2015). 
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Figure 6: S. salamandra completely covered with Bsal ulcerations and excessive skin shedding 

(photo credit = F. Pasmans). doi:10.1371/journal.ppat.1005251.g001. 

 

Host defence against chytrid infection 

 There is a wide range of immune responses depending on the type and age of 

the amphibians. As far as infectiousness between larvae and adult animals is 

concerned, the infectious occurrence so far is predominantly in already metamorphosed 

animals. Specifically, when the amphibian enters the metamorphosis phase, the skin of 

the larvae begins to stratify under the control hormone triidodothyronine (T3), which 

plays a major role in the process of metamorphose (Thekkiniath et al., 2013). 

Triidodothyronine (T3), a corticosteroid hormone, secretes more than usual amounts of 

hormone levels during metamorphosis of the animal, which in return inhibits 

immunological defence and makes the animal more susceptible to chytrid infection. 

Also, young metamorphosed individuals who have just entered a new phase of life that 

their body needs to adjust too, are still in the process of developing immunological 

defences, and thus are more susceptible to infections because their immunity is 

weaken (Rollins-Smith et al., 2011; Thekkiniath et al., 2013).  

 As far as the immunity system in adult amphibians, the way in which immune 

protection functions against chytridiomycosis is still not clearly established but, 
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researchers suggest following types of defence: antimicrobial peptides (AMP) secretion, 

amphibian metabolites secretion, lysosome immunological response, and host microbial 

community composition (microbiome). Since most of the studies were tested for Bd and 

the fact of lack of knowledge in case of Bsal, further researches are necessary to 

understand these processes better (Bates et al., 2019; Brucker et al., 2008; Pask et al., 

2012; Rollins-Smith et al., 2011; Van Rooij et al., 2015). 

 

Treatment  

 Even though chytridiomycosis is one of today's impactful amphibian diseases 

and more research is needed to understand its biology and pathology, some treatment 

trials have been conducted and the findings have shown a promising possibility to treat 

animals.  

Batrachochytrium dendrobatidis 

 Bd was found to decrease under temperature, salt and antifungal treatments 

(Chatfield & Richards-Zawacki, 2011; Garner et al., 2009; Geiger et al., 2011; Tobler & 

Schmidt, 2010; White, 2006). The most effective treatment was with antifungal 

itraconazole which removed 100% of pathogen from tested individuals (Garner et al., 

2009; Tobler & Schmidt, 2010). However, there is potential occurrence of consequent 

side effects such as depigmentation or even death in some species (Pessier & 

Mendelson, 2011). Hence, the treatment is not fully efficient (Garner et al., 2009).  

Additionally, Tobler and Schmidt, (2011) were arguing about genetic difference between 

populations and its influence of different variations of results of treatment. Another 

promising treatment is the higher temperature performed treatment (Chatfield & 

Richards-Zawacki, 2011; Geiger et al., 2011). Tested on both tadpoles and adult 

individuals, more than 90% of threated individuals were no longer infected with Bd 

(Chatfield & Richards-Zawacki, 2011; Geiger et al., 2011). Although this treatment has 

promising future, not all the subjected animals heal from the infection, especially 

considering the various range of specie’s temperature preferences (Geiger et al., 2011; 

Pessier & Mendelson, 2011). Furthermore, the salt treatment in constructed pond was 

conducted by White, (2006) and it resulted in absence of Bd at least for six months. The 

only noticeable change was the growth rate which was lower in salty water compared to 
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fresh water. Additionally, in case of this treatment, not all the species can survive the 

salty environment (White, 2006).  

Batrachochytrium salamandrivorans 

 As for Bsal, exposure to fungus at high temperatures along with fungicidal 

treatments has proven to be one of the more effective ways of treating amphibians 

against disease. Exposure of the S. salamandra captured from the wild (n = 30) to a 

temperature of 25°C, over a 10–day period, resulted in complete elimination of the 

fungus in 26 specimens (see Figure 7) (Blooi et al., 2015a; Blooi et al., 2015b). Also, in 

another experimental treatment, the treatment of S. salamandra was tried at a slightly 

lower temperature in order to try to maintain the same effective results while reducing 

the temperature pressure on the animal. For S. salamandra, treatment at 20°C in 

duration of 10 days with polymyxin E and voriconazole fungicide application, resulted in 

complete elimination of Bsal infection under controlled laboratory conditions (Blooi et 

al., 2015b). Possible issues faced during this type of treatment are that different species 

have different temperature thresholds and at such high treatment temperatures (20–

25°C) exposure to particular species may end up with fatal results. 

 Another possible and less explored treatment would be with hosts microbial 

community composition which has been proven to have an interaction with 

chytridiomycosis (Bates et al., 2019). Since this kind of treatment is not yet well 

explored, it’s not possible to fully discuss this topic. Further researches are needed.  

 

 

Figure 7: Treatment of a S. salamandra under 25°C over a 10–day period. (A) infected 

individual before the treatment with obvious signs of ulceration on skin; (B) recovered individual 

after the treatment. This figure was adopted from Blooi et al. (2015a). 
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Distribution and Evolution 

Batrachochytrium dendrobatidis 

 Bd has been detected in Anura (frogs and toads) and Caudata (salamander and 

newts) of at least 520 species (Olson et al., 2013). Until 10 years ago, it was claimed 

that its roots probably originated in Africa, South America and Asia (Bai et al., 2010; Bai 

et al., 2012; Rachowicz et al., 2005). However, latest studies point to the theory of 

Asian endemism and further spread via amphibian trade, developing multiple panzootic 

lineages over the world (O’Hanlon et al., 2018).  

 The effect and dispersion of this highly infective disease are so powerful that 

many communities found themselves on the verge of extinction in a short time period 

(Lips et al., 2006; Longcore et al., 1999; Martel et al., 2014). The link between the 

temperature rise in warmer years, amphibian migration and the spread of pathogenic 

fungus Bd disease in altitude regions has been reported in rainforests in Costa Rica 

(Pounds et al., 1999; Pounds et al., 1997). Global distribution and species affected are 

presented in Figure 8. 
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Figure 8: Global distribution and declines of the amphibian species infected with 

chytridiomycosis. Bar plots represent the declined species number (N), clustered by continental 

region and graded by severity of decline. Mesoamerica represents Central America, Mexico and 

Caribbean Islands together; Oceania represents Australia and New Zealand; Brazilian species 

are classified separately from all other species in South America (South America W); In Asia, 

there were no reported declines. n, represents total number of per region declines. [Photo 

credits (clockwise from top left): Anaxyrus boreas,C. Brown, U.S. Geological Survey; Atelopus 

varius,B.G.; Salamandra salamandra, D. Descouens, Wikimedia Commons; Telmatobius 

sanborni, I.D.l.R; Cycloramphus boraceiensis, L.F.T.; Cardioglossa melanogaster,M.H.; and 

Pseudophryne corroboree, C. Doughty]. The figure was adopted from Beukema et al. (2019).  

 

Batrachochytrium salamandrivorans 

 In contrast to Bd, Bsal has a deadly effect just on members of Caudata order 

(Martel et al., 2013). However, some Anuran species, e.g. common midwife toad 

(Alytes obstetricans), can harbour the pathogen without getting any symptoms. Hence, 

they are identified as one of the potential vectors for this pathogen (Stegen et al., 2017). 

 Bsal is native in Asia and it has been spread through Europe by trade with 

amphibians (Laking et al., 2017; Martel et al., 2014). In Europe, the first massive 

declines in wild populations due this pathogen were observed in the Netherlands from 

which it further extended to Belgium and Germany (Martel et al., 2014; Spitzen-Van Der 

Sluijs et al., 2013; Spitzen-van der Sluijs et al., 2016). Additionally, recently studies on 
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the spread in Spain have been found (González et al., 2019; Martel et al., 2020). In 

Europe, Bsal has been established in wild populations of alpine newt (Ichthyosaura 

alpestris), smooth newt (Lissotriton vulgaris), S. salamandra, palmate newt (Lissotriton 

helveticus) and marbled newt (Triturus marmoratus), although no significant population 

declines have been observed in I. alpestris (González et al., 2019; Martel et al., 2014; 

Spitzen-Van Der Sluijs et al., 2013; Spitzen-van der Sluijs et al., 2016; Stegen et al., 

2017). In captive species, the disease was found in the Netherlands, Belgium, UK, 

Germany and Spain. Example of species in captivity naturally infected and died from 

Bsal pathogen are: I. alpestris, North African fire salamander (Salamandra algira), 

Corsican fire salamander (Salamandra corsica), near Eastern fire salamander 

(Salamandra infraimmaculata), S. salamandra, Macedonian crested newt (Triturus 

macedonicus) etc. (Cunningham et al., 2015; Fitzpatrick et al., 2018; More et al., 2018; 

Sabino-Pinto et al., 2015). The current distribution of Bsal in wild populations of 

Caudates can be found in Figure 9.
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Figure 9: Allain and Duffus (2019) presented a figure with Bsal spread in Europe in wild 

amphibian populations. Orange colour indicates positive findings that are currently present in 

Netherlands, Germany, Belgium and Spain.  

 

 Further “possible” distribution was presented in study research of Beukema et 

al. (2018). Beukema et al. (2018) made the ensembles small niches model (ESMs) and 

stated the possible potential areas for further dispersal of Bsal. The areas with suitable 

conditions are: North – western Europe and Pyrenees, northern Apennines, Western 

and Dinaric Alps, as well as parts of the Caucasus mountain ranges. Thus, Croatia and 

its Dinaric Alps are possible locations (see Figure 10). As Croatia is the focused area of 

this thesis, the fact that presence is possible is part of the motivation for conducting this 

research. Furthermore, suitable location as well as susceptible species determines the 
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risk within this region. Originally, Martel et al. (2014) describe susceptible species, 

many of which are present in Croatia such as S. salamandra and I. alpestris. 

Additionally, Spitzen-van der Sluijs et al. (2016) in their research state that another 

susceptible species could be L. vulgaris, which also inhabits Croatia. 

 

 

 

Figure 10: Relative habitat sustainability through Western Palearctic populations from 

invasive European hotspots (Belgium, Netherlands, Germany) using small niches model 

(ESMs), suggesting the possible suitable regions for Bsal colonization; North – western 

Europe and Pyrenees, northern Apennines, Western and Dinaric Alps, as well as parts of 

the Caucasus mountain ranges. Hatched areas represent regions with different climate 

conditions (extrapolation), not suitable for Bsal persistence. Dark blue represents higher 

suitability; lighter blue represents less suitable environment for Bsal. Croatia and its Dinaric 

Alps are among the optimum regions for Bsal expansion. This figure was adopted from 

Beukema et al. (2018). 
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3.3 Amphibians and Chytridiomycosis Research in Croatia 

 Within this chapter, I briefly focus on description of amphibians inhabiting 

Croatia and their susceptibility mainly to Bsal pathogen. In following part of the text, I 

am summarizing current knowledge about chytridiomycosis research in Croatia. 

 

3.3.1 Amphibians of Croatia and their susceptibility to Bsal 

 Croatia is a relatively small country, with an area of only 56,538 km2, divided into 

three bio-geographic regions: the continental, alpine and Mediterranean regions. 

Furthermore, the eastern part of Croatia contains some features of the bio-geographic 

region of Pannonia (Jelić et al., 2012). We can separate Croatia into two main regions 

by herpetological distribution; the continental-mountain region and the Mediterranean 

region (see Figure 11). In Croatia, there are 20 amphibian species arranged in two 

orders: Anura with 13 species, and Caudata with seven species. Largest families 

present in Croatia are: Ranidae (green and brown frogs); Salamandridae (salamanders 

and newts) (Hyla, 2020). Caudata order consists of following species: alpine newt (I. 

alpestris), smooth newt (L. vulgaris), Italian crested newt (Triturus carnifex), Danube 

crested newt (Triturus dobrogicus), alpine salamander (Salamandra atra), fire 

salamander (S. salamandra) and proteus (Proteus anguinus). From these seven 

species, four are regionally endemic (T. carnifex, T. dobrogicus, S. atra, P. anguinus); 

and infections have been recorded for three of them (I. alpestris, L. vulgaris and S. 

salamandra) (A. Martel et al., 2014; Spitzen-van der Sluijs et al., 2016). 
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Figure 11: Division of Croatia by herpetological importance into the Continental-mountain 

(Kontinentalno-gorska regija) and Mediterranean region (Mediteranska regija). This figure was 

adopted from Jelić et al. (2012).  

 

 Since Croatia has suitable conditions and species, and the objective of this 

thesis is to check the presence of Bsal, I will further focus on I. alpestris, L. vulgaris and 

S. salamandra species and their susceptibility to Bsal. From these three species, S. 

salamandra is highly susceptible species to Bsal infection (Martel et al., 2014; Spitzen-

Van Der Sluijs et al., 2013; Stegen et al., 2017). Considering its wide distribution in 

Europe and in Croatia, in case of pathogen presence, Croatian Caudata populations 

would be in severe danger of decline. Other two species, I. alpestris and L. vulgaris are 

also susceptible and furthermore are mentioned as the potential reservoir of chytrid 

fungi (Spitzen-van der Sluijs et al., 2016; Stegen et al., 2017).  

 A potential reservoir is defined as a carrier that “typically harbours the infectious 

agent without injury to itself and serves as a source from which other individuals can be 

infected” (Oludairo et al., 2017). Stegen et al. (2017) mention I. alpestris as potential 

natural reservoirs for Bsal. To prove this theory, they conducted an experiment on I. 

alpestris with small and large doses of Bsal in captivity. I. alpestris that has been tested 
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under more intense doses of infection died in an average of three weeks, yet individuals 

exposed to decreased doses survived due to fungal clearing. Stegen et al. (2017) also 

showed that survival does not necessarily protect against future infection. Additionally, 

Spitzen-van der Sluijs et al. (2016) also pointed L. vulgaris as a potential reservoir for 

chytrid fungus. The problem with species that are a potential reservoir is that they are 

very common and widespread species with large home ranges that, during their 

wanderings, could come in direct contact with less common and more susceptible 

populations, thus infecting them (Spitzen-van der Sluijs et al., 2016). In the case of 

pathogens, especially chytrid fungus, amphibians could soon succumb to extinction or 

the drastic reduction of population size. Furthermore, in case of the existence of chytrid 

fungus; S. salamandra, I. alpestris and L. vulgaris as susceptible species and the 

potential reservoirs, would present a serious threat to more restricted and endemic 

populations. 

 

Habitat requirements of Croatian Susceptible Caudata 

Alpine newt (Ichthyosaura alpestris)  

 Their habitat extends from the mountainous regions to the lowlands and can be 

found generally along the water. They prefer humid, shaded areas close to the 

coniferous trees, mixed and deciduous forests, subalpine meadows, and pastureland 

(Arntzen et al., 2009). This species resides in numerous stagnant waters during the 

mating and larval stages such as shallow puddles, slow-moving streams, temporary 

pools and lakes, and sometimes in the ditches (Arntzen et al., 2009). In addition to the 

regular life cycle, there is also the possibility of hibernation in the larvae stage and the 

appearance of neotenic individuals (AmphibiaWeb, 2020; Vujica, 2018). Species can 

adapt to slightly modified habitats, with exception of large cultivated fields(Arntzen et 

al., 2009).  

Smooth newt (Lissotriton vulgaris) 

 Typically, species inhabits forest zones in mid latitude belt with woodland 

habitats (deciduous, coniferous, mixed, dry forests and woodlands), with preference for 

humid habitats. Furthermore, for reproduction they require stagnant and shallow water 

bodies. In terrestrial habitat, it is possible to find them in gardens, forests, under the 

rocks and in rocks crevices etc. Highly adaptive species, hence, can be found also in 
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gardens, meadows, parks, damp habitats and in rural and urban areas (Arntzen et al., 

2020; BHHU-ATRA, 2018). 

Fire salamander (Salamandra salamandra) 

 The species mostly inhabits cool deciduous forest with well shaded brooks and 

near the small rivers. Sometimes can be found in mixed or coniferous forests. 

Populations that live in the mountain areas prefer woodlands, glades and forest edges 

where they can hide in rocky places with dense bushes and herbaceous vegetation. 

Species prefer habitats covered with leaf-litter and moss. Females are generally 

ovoviviparous and releasing the developed larvae into the water (ponds, streams, still 

water) where they complete their metamorphosis. Species can tolerate modified 

habitats (AmphibiaWeb, 2020; Kuzmin et al., 2009; Velo-Antón et al., 2012).  

 

3.3.2 Chytridiomycosis research in Croatia  

 Over the last 15 years, only four studies have been conducted to test the 

presence of chytrid fungi in Croatian amphibian populations. In case of Bd, the 

presence was first tested on eight individuals of Italian agile frog (Rana latastei) species 

by Garner et al., (2005). The individuals were collected in low elevations of coastal 

area. All the tested animals were negative on Bd. Second sampling was performed by 

Vörös and Jelić, (2011) in Zagreb surroundings on 13 individuals of three species: 

yellow-bellied toad (Bombina variegata), I. alpestris and Edible frog (Pelophylax 

esculentus). All the samples resulted negative. The third survey analysed populations of 

wild L. vulgaris and S. salamandra both for Bd and Bsal. The sampling was performed 

in wetland forest area (Crna Mlaka) and in a pond more southern in Croatia. This 

survey failed to detect presence of both fungi (González et al., 2019). There was only 

one more attempt of research for Bsal in which two species (P. anguinus and S. 

salamandra) from various parts of Croatia were tested. The number of collected 

individuals was 24 and all the samples resulted negative (More et al., 2018). More detail 

data can be seen in Table 1. 
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Region/Area Year Species 

tested 

No. Bd Bsal Published 

Low 

elevations of 

coastal area 

1994–2004 R. latastei 8 -  Garner et 

al. (2005) 

The 

surroundings 

of Zagreb 

2010 B. variegata 

I. alpestris 

P. 

esculentus 

13 -  Vörös and 

Jelić (2011) 

South 

western from 

Zagreb, 

Dalmatia 

2016 L. vulgaris 

S. 

salamandra 

32 - - Lastra 

González et 

al., (2019) 

Dalmatia, 

Istria, Gorski 

Kotar, 

Zagreb 

2015/2016 P. anguinus 

S. 

salamandra 

24  - More et al., 

(2018) 

Table 1: The summary of chytridiomycosis research in Croatia. 

 

 From the data collected, it is evident that there is an absence of additional 

studies related to the presence of chytridiomycosis in Croatia, and the start of active 

surveillance is needed. Therefore, we have decided to perform second pilot study on 

Bsal surveillance in that country.  
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4. Methods 

 For proposition of data sampled, in this chapter we have conducted the 

following: Reasons for the chosen research area, description of sampled sites and 

species, the sampling procedure and steps, DNA extraction and statistical analyses. 

 

4.1 Study Site Description 

 Croatian flora and fauna have a high biodiversity and regional endemism due to 

Croatian diverse climate regions which were suitable area for migration during glacial 

and interglacial periods (Jelić et al., 2012). In his research about potential Bsal further 

dispersal, Beukema et al. (2018) include Croatia in the prediction model for suitable 

areas. 

 Furthermore, since our targeted species had specific habitat requirements, we 

tried to focus on areas with those characteristics. For I. alpestris we focused on habitat 

that extend from the mountainous regions to the lowlands and can be found generally 

along the water. Preferably humid, shaded areas close to the coniferous trees, mixed 

and deciduous forests, subalpine meadows, and pasturelands. As for L. vulgaris, 

preferred habitat for the study was the one which inhabits forest zones in mid latitude 

belt with woodland habitats (deciduous, coniferous, mixed, dry forests and woodlands) 

and with preference for humid habitats. In case of S. salamandra species, we focused 

on locations with cool deciduous forest with well shaded brooks and near the small 

rivers. Since the species sometimes can be found in mixed or coniferous forests, we 

preferred that our study sites are composed of that kind of vegetation. Moreover, for 

populations that live in mountain areas, we tried to find the localities with woodlands 

and glades, favourably in forest edges. Additionally, S. salamandra prefers habitats 

covered with leaf-litter and moss, so that characteristic was preferred to be found in our 

study sites. 

 Since our sampling time was conducted during the summer and early autumn 

period during 2019, there was a high chance of possible migration in terrestrial habitat 

of most of the target species. Knowing this fact, we had to choose localities which were 

in higher altitudes with favourable conditions for the species (e.g. permanent water 

bodies). Furthermore, it was known that the neotenic communities are present in higher 

altitudes (they do not migrate in terrestrial habitat), which was an additional reason for 
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choosing these sites. From 12 selected localities, in only 6 of them we found Caudata 

species and sampled them.  

The chosen localities were selected considering the habitat requirements of susceptible 

species. Considering that the study was conducted in the summer season, the required 

condition was to select the sites that were in higher altitudes or are deep enough to not 

be affected by summer conditions outside (maintaining lower temperatures). Other 

requirements were; the general presence of a water body, humid shaded areas, 

mountain and lowland regions, woodland habitats with different tree composition 

(deciduous, coniferous, mixed, dry forests and woodlands). The sample locations can 

be seen on the map below (see Figure 12).  

 

 

  Figure 12: The map is presenting six localities with sampled populations. Information with full 

localities names and abbreviations (codes) that are presented on this map can be found in table 

2. The map was made in QGIS.  
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a) Tuk (TUK) 

 Mountain pond with 2/3 surrounded with vegetation of dominantly grass and 

bushes, 1/3 was surrounded with mixed forest (coniferous and deciduous trees). Inside 

of a pond we noticed underwater grass with floating dead trees. The pond dimension 

was 20×15m, with depth of up to 2m (see Figure 13).  

Species that were found and sampled: I. alpestris, 20 adult individuals.  

Other species present: Diptera and Ephemeroptera larvae and other water insects.  

 

  Figure 13: Mountain pond at TUK study site. Photograph taken on 09/07/2019 by Martina 

Ugrinović. 
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b) Kod Kod Lovačke kuće Plana (TUK2) 

 Mountain pond fully surrounded with vegetation of mixed forest (coniferous and 

deciduous trees), grass community and bushes. We noted a noticeable quantity of fern 

and nettle around the pond. Inside of the pond, many thinner floating dead trees. The 

pond dimension was 5×6m, with depth of up to 1m (see Figure 14).  

Species that were found and sampled; I. alpestris, 22 adult individuals. 

Other species present: Diptera and Ephemeroptera larvae and other water insects. 

 

 

 

Figure 14: Mountain pond at TUK2 study site. Photograph taken on 09/07/2019 by Martina 

Ugrinović. 
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c) Pećine Izvori (PI) 

 The lake is inside of the abyss, surrounded with stones. Hence, to reach it, first 

it is necessary to climb down the 50m rocky slope. The lake is surrounded with rocks 

across which the higher and smaller vegetation grows. Vegetation consists from bushes 

and thinner trees that are adapted to this kind of habitat. From the top until the bottom, 

vegetation is gradually decreasing until there are only rocks left close to the water. The 

lake dimension was 30×25m, with depth of up to 9m. Inside the lake, there is a water 

spring (see Figure 15). 

Species that were found and sampled; I. alpestris, 2 adults and 11 subadults. Adults 

were present in high abundance on the bottom of the lake, while subadults were mostly 

present close to the surface and on the edges of the lake.  

Other species present: water insects’ larvae and leeches.  

 

  

Figure 15: Lake at PI study site. Photograph taken on 13/07/2019 by Martina Ugrinović. 
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d) Bunar u Potplači (K) 

 The location was a well, transformed habitat in the middle of the meadow. The 

well-walls were low therefor the water was easily assessable. Surrounding was 

consisting only of grass vegetation. Surface of the water was covered with floating 

vegetation (see in Figure 16).  

Species that were found and sampled; I. alpestris, six subadults individuals. The depth 

was unknown. 

Other species were not present.  

 

 

 

Figure 16: The well at K study site. Photograph taken on 15/07/2019 by Martina Ugrinović. 
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e) Bunar u Otriću (W) 

 The well was located close to a road. Because the walls were too tall, it was 

hard to access the water. We had to put overnight traps. The inside was with one bigger 

Mediterranean type of bush, and the surrounding was mostly grassy and bushy 

vegetation (see in Figure 17).  

Species that were found and sampled; I. alpestris, 12 subadults individuals. 

Other species were not present.  

 

 

 

Figure 17: The well at W study site. Photograph taken on 18/08/2019 by Dušan Jelić. 
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f) Lokva na Prezidu (PZ) 

 The pond was in the mountains of Dinaric region; hence, it was surrounded only 

with rocks and low grass communities. Additionally, pond had 50% of underwater grass. 

The pond dimension was 9×7m, with depth of up to 1m (see in Figure 18).  

Species that were found and sampled; I. alpestris, 2 adults and 8 subadults.  

Other species present: water insects’ larvae.  

 

 

 

Figure 18: Mountain pond at the Prezid study site. Photograph taken on 30/09/2019 by Dušan 

Jelić. 
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4.2 Field Sampling 

 Specific number of sites, species and individuals are shown in the results. Total 

of 12 localities were selected for this study. Among those 12 localities, six were without 

any presence of species, while the rest came to a total of 83 individuals of I. alpestris 

species, which were sampled during summer and early autumn of 2019. Additionally, 

for the presence and prevalence of Bsal, all swab in groups of four (24) samples were 

tested.  

 For sample collection we used pyramid-shaped crayfish traps, dip net and non-

invasive sampling techniques. Trap was filled with meat that served as a bait and was 

left to overnight in the well. Pyramid-shaped crayfish traps should be installed properly, 

meaning they should not be harmful for amphibians which get trapped inside; the trap 

should be fixed to some stick or littoral vegetation so that part of the trap could always 

extend above the water surface (necessary oxygen supply) (see Figure 19) (Johnson & 

Barichivich, 2004).  

 Dip-netting is a very common sampling technique whit which we had captured 

individuals from the population and proceeded onto the non-invasive sampling with 

swabs (see Figure 16). Dip-netting strongly depends about the targeted species, 

environment type sampled and sweeping experience to not bury the animals (especially 

larvae) in an overabundance of mud and vegetation (Dodd, 2010).  

As for non-invasive sampling techniques, we used tubed sterile dry swab tips (MW113) 

and conducted swabbing on their skin (see Figure 20). During this process, it is 

necessary to be careful and to follow the hygienic protocol for disease control (Boyle et 

al., 2004). While swabbing the animals, we were taking care to constantly change 

gloves for each individual and to use the disposable materials to avoid the possible 

transmission. Likewise, the captured animals were all tested at once (one by one) to be 

sure to avoid sampling of the same individual twice. The swabbing of each part of the 

body was done according to a standardized approach (Hyatt et al., 2007). Regions 

swabbed were those which provide the most probable signal in genetic evaluation such 

as: abdomen, hips, back, inner thighs, and between the toes of hind legs. Additionally, 

during sampling, we took care to track the visual signs of infection (lethargy or skin 

changes). The sampling was finished after we marked the eppendorfs and released the 

animals back to their habitat. In order to avoid the transmission of the disease to 
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another localities, it is of major importance to properly dispose, clean and disinfect the 

used field equipment. The recommended procedure is to use ten 10% solution of 

bleach, autoclave and preheating at 60°C before the disposal. Since our base camp 

during the field work was with limited conditions, the sanitation step was done with 96% 

alcohol (used in field and in the camp) and the detergent washing. The operative 

samples were stored in a cooling device at about 4°C for future diagnosis. Transport of 

samples was made with a mini fridge and ice packs that kept the temperature 

consistent. After the arrival, samples were stored in the fridge at about 4°C. We 

attempted to collect about 20 samples per location as is suggested by Parrot et al. 

(2016). 

 

 

Figure 19: Pyramid-shaped crayfish trap extending above the water surface and fixed to littoral 

vegetation. The picture was provided from doc.Ing. Jiří Vojar. 
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Figure 20: Non-invasive sampling at TUK2 site. Photograph was taken on 09/07/2019 by Matej 

Vucić. 

 

 

4.3 Laboratory Analyses and Pathogen Detection 

 In case of infection with chytrid fungi, changes in behaviour as well as physical 

characteristic shifts are typical (Berger et al., 1998). Since the symptoms of chytrid fungi 

are similar to other diseases, it is necessary to be careful and extremely precise in the 

determination of the disease. In order to avoid misidentification, it is best to use the 

DNA test method for the precise detection of Bsal (Hyatt et al., 2007). 

 

4.3.1 DNA Extraction  

 Collected samples are marked and properly stored in the laboratory fridge (4°C). 

Total genomic DNA from four individuals per locality together was extracted using the 

Blood and Tissue Kit by Qiagen protocol with the adjustment in: the third step the 
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adding of proteinase K and overnight at 56°C incubator, we adjusted the overnighting to 

2,5h of waiting before the fourth step; the last step the elution buffer, which was 

originally 200ul Buffer AE incubated at 15–25°C was adjusted to 100ul, preheated at 

37°C and repeated. Samples were analysed by a standard PCR, using the primers 

STerF & STerR, described by Martel et al. (2013). Gel electrophoresis was completed 

to visualize the amplified target. 

 Multiple diagnostic techniques have been identified for detecting Bsal such as 

histology/histopathology, PCR, qPCR, and lateral flow technology (Thomas et al., 

2018). In our study, considering the quantity and type of samples (many subadults), first 

we have conducted the standard PCR. In case of a positive or equivocal result in the 

population tested, the next step would be to perform the qPCR for each of the sample. 

Generally, qPCR is more rapid and precise method of testing which can detect and 

quantify pathogen in comparison with histology/histopathology, PCR and lateral flow 

technology. Furthermore, to operate and conduct the testing, no special skills are 

required. This method is faster, more precise and can analyse non-invasive collected 

samples (Blooi et al., 2013; Thomas et al., 2018). The presence for Bsal was tested on 

four samples, a relevant number of samples per population in order to maximize the 

area checked and to save the money. In case of positive findings, we would analyse 

each of the samples separately and make further analysis with qPCR. However, since 

our results were negative, further step with qPCR was not conducted. 
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5. Results 

5.1 Species Collected and Results of Analyses  

 From six localities out of 12 chosen, we have sampled 83 individuals of I. 

alpestris. Throughout the collection of amphibians, we tried to follow the suggested 

number (20) of population sampled (Dodd, 2010). However, considering the season, 

size and accessibility of locations, we sometimes failed to fulfil the suggested quantity. 

During the sampling, we did not notice any visual sign of infection on the selected 

individuals. Table 2 contains specific information of each site (date, locality name, code, 

coordinates) and population sampled (species and number). 

 Overall, 83 samples were collected and tested in groups of four. All tested 

samples resulted in negative presence. In the case of presence, each sample from the 

populations would be individually tested.   

 

Locality name Code Coordinates No. Date 

Tuk, pond, 
Gorski Kotar 

TUK 45.26778°N      14.91625°E 20 09/07/2019 

Kod Lovačke 
kuće Plana, 
smaller pond, 
Gorski Kotar 

TUK2 45.2534°N        14.93874°E 22 09/07/2019 

Pećine Izvori, 
smaller lake, 
Pećine Plavno 

PI 44.16537°N      16.14816°E 13 13/07/2019 

Bunar u 
Potplači, the 
well, Krbavsko 
Polje 

K 44.59745°N      15.63019°E 6 15/07/2019 

Bunar u Otriću, 
the well, Otrić 

W 44.22579°N      16.06668°E 12 18/08/2019 

Lokva na 
Prezidu, 
smaller pond, 
Prezid 

PZ 44.24783°N      15.79533°E 10 30/09/2019 

     Table 2: Sample sites information and number of individuals of I. alpestris sampled per site. 
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6. Discussion 

6.1  Absence of Bsal in sampled populations 

 

 To test whether the concern that amphibian populations of Caudates in Croatia 

may be vulnerable to Bsal, we have conducted a project with sampling and DNA 

extraction for the detection of chytrid fungi that caused massive salamander die-offs 

across Europe. We tested all the swabs in groups of four, from dominantly mountain 

regions in southern Croatia, for Bsal presence. In our results, we have confirmed that 

there is no presence of Bsal in any of our sampled newt populations, which consisted 

only from I. alpestris.  

Surveys on the presence of Bsal are still lacking all over the Balkan region, making it 

hard to describe and assume the potential distribution. A few studies have been 

conducted on the distribution of Bd in Balkan Peninsula (Garner et al., 2005; Vojar et 

al., 2017; Vörös et al., 2013; Vörös & Jelić, 2011). Vojar et al. (2017) performed the 

latest survey, which updates the distribution to include presence of the Bd pathogen in 

central and southern Montenegro, southern Albania and eastern Macedonia. Species 

tested were B. variegata, European tree frog (Hyla arborea), L. vulgaris, Pelophylax 

spp., and T. macedonicus, which have high genetic variability and linages endemic to 

the areas tested (Vojar et al., 2017). Lastly, the overall Bd presence on Balkan 

Peninsula is known to be distributed in Romania, Montenegro, Albania and Macedonia. 

Considering the Bd distribution in countries surrounding Croatia (specifically 

Montenegro), it is a likely scenario that the disease will soon spread to Croatia as well if 

preventative measures are not enforced. 

 The survey was the fourth one to screen for a chytrid fungi, and the second 

precisely intended for Bsal in Croatia. The results justify the theory that Bsal is a new 

chytrid pathogen, which originates from Asia and it has spread over Northwest Europe 

resulting in extreme Caudata declines (Martel et al., 2014). The other regions and EU 

countries were less affected by Bsal impact, like Croatia. However, our results do not 

necessarily present the accurate situation of the populations health status in Croatia. If 

Bsal was distributed and it is present but in low prevalence, there can be a probability 

that we have missed it. 
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 Although we believe that if Bsal is present in Croatia, but at such a low 

concentration it was simply chance that our selected samples were healthy, there is the 

possibility that other issues may have arose during both field and laboratory work. 

During fieldwork, two major factors could have influenced the present results and 

possible overlook of Bsal. First, sampling time was performed during the summer 

season, in which it is already more difficult to find amphibians in aquatic habitats. This is 

due to the fact that they have generally already migrated into their terrestrial habitats. 

Thus, it was difficult to collect the 20 proposed representative samples per population 

(Parrott et al., 2016). Additionally, since migration already occurred, there is a lower 

probability to sample adult individuals, which may provide a more accurate result. In our 

study, around 50% of collected samples are subadults. Another potential complication 

could have occurred while the samples were transported between localities as well as 

to Prague. The improvised cooling system may not have functioned as intended; hence 

the DNA sample may be degraded or contaminated.    

 Results of this thesis indicate good health of tested populations for fungal 

pathogen Bsal, yet it is also important to stress the need to continue monitoring and 

surveillance actions. Since Croatia is a highly susceptible country by the environmental 

conditions and composition of species, in case of the disease outbreak, the amphibian 

biodiversity would suffer from major population declines. One of the threats are to 

populations of species such as I. alpestris, which are highly abundant and have a larger 

home range that overlaps with other small-range and endemic populations. Since I. 

alpestris has the ability to persist with fungus and even clinically clear itself, it would 

pose a serious threat as a potential reservoir and vector for further transmission 

(Stegen et al., 2017).  

 The results of this thesis indicate the lack of detection of Bsal in Croatian 

Caudates communities. Nevertheless, further and more detailed research is necessary 

to be conducted on this area and other susceptible countries in Europe. Given that our 

sampled populations were lacking in number and proper age of individuals, we cannot 

conclude that the populations are in fact without Bsal infection. To perform the proper 

survey, it would be mandatory to include more individuals and populations all over the 

country. Additionally, to have more representative results, the survey should also 

include all susceptible species such as: I. alpestris, L. vulgaris, S. salamandra, and the 
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other Caudates which are in data deficit (T. cristatus, T. dobrogicus, S. atra, and P. 

anguinus). 

This study’s focus was primely on presence of chytridiomycosis in Croatia, but to have 

a better overlook of its worldwide distribution, it is relevant to also mention numerous 

similar studies that were carried out across various continents. In 2016, Parrot et al. 

have screened 17 species for presence of Bd and Bsal which inhabit mountain regions 

(The Smoky Mountains, the Peruvian Andes and the Swiss Alps) in three continents 

(North America, South America, Europe). From 509 salamander samples and 192 

samples that were previously untested, all resulted negative for Bsal presence. On the 

other hand, Bd in low prevalence was highly present in most of the samples (Parrott et 

al., 2016).   Additionally, many more studies have been conducted on these and other 

continents. 

  In case of the native continent of chytrid, Asia, 11 countries (Indonesia, Japan, 

South Korea, China, Malaysia, Kyrgyzstan, Laos, The Philippines, India, Sri Lanka, and 

Vietnam) have reported presence of Bd fungus in their areas, but without a clear 

geographic pattern (Savage et al., 2011; Swei et al., 2011). As for Bsal distribution, a 

lack of surveys has been conducted on Asian continent (Wang et al., 2017). In China, 

only two studies have been performed to date (Wang et al., 2017; Zhu et al., 2014b). 

Zhu et al. (2014b) tested 13 provinces and two municipalities which resulted in no 

presence. Later, in 2017, Wang et al. conducted a more complex survey on the 

Qingham-Tibetan Plateau, since it is a one of the global biodiversity hotspots. With a 

non-invasive sampling method, they have collected 336 wild amphibians and 117 

museum samples to additionally assess the historical prevalence.  They did not find any 

positive sample which would point on presence of Bd or Bsal fungi in this area (Wang et 

al., 2017). The museum collection also failed to detect a presence (Wang et al., 2017). 

Another study was conducted in Japan, with the aim to provide the first data on the 

composition and diversity of cutaneous microbiome of Japanese giant salamander 

(Andrias japonicus) (Bletz et al., 2017a). Since some of the Asian species have the 

ability to clear themselves from chytridiomycosis infection, Bletz et al. (2017a) tested A. 

japonicus for Bsal presence and the results were negative. The argument was on the 

potential resistance of species (considering their microbiome composition) or that there 

was no presence from the start (Bletz et al., 2017a).  
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 In case of North America, Bsal is still not distributed there, but it is considered as 

a potential threat (US Fish and Wildlife Service, 2016). Since around 50% of the world’s 

wild salamander population inhabits the area of North America, the potential risk of 

fungus spreading quite high. The United States has taken preventive measures to limit 

the trade and the introduction of exotic animals into the country (Bales et al., 2015; 

Iwanowicz et al., 2017). Under the Lacey Act, 201 salamander species of 20 genera 

(including European species) have been declared as “injurious wildlife” to USA 

amphibian wildlife (US Fish and Wildlife Service, 2016). Furthermore, import and 

transport of restricted salamander species can be granted only for scientific, medical, 

educational or zoological purposes. Owners of prohibited animals are permitted to keep 

them, but in case of interstate transport they should follow the given restrictions (US 

Fish and Wildlife Service, 2016). Hypothetically, in the case of the introduction of a 

fungus with currently recorded transmission characteristics (propagation rates and host 

adaptations), the wild populations in America would be in imminent danger (Yap et al., 

2015). Risk models for potential fungal transmission predict that the greatest possible 

northward expansion of Bsal would be from the United States' West Coast, the 

Southern United States, and Mexico's highlands (Richgels et al., 2016; Yap et al., 

2015). Transmission would be aided by other variability such as the two widespread 

species in North America, the rough-skinned newt (Taricha granulosa) and the eastern 

newt (Notophthalmus viridescens). Both species have shown extreme susceptibility to 

Bsal in laboratory conditions (Martel et al., 2014) and with their sensitivity and overlap 

with larger known families susceptible to infection (Salamandridae and Plethodontidae), 

a new fatal epizootic would occur (Richgels et al., 2016; Yap et al., 2015). In 2014, 

along with Bd testing, Muletz et al. performed the first study to test for Bsal in 94 

samples of 12 Plethodon salamander species, all of which resulted in no presence of 

Bsal.  Later, in 2015, Bales et al. collected 91 sample of eastern hellbenders 

(Cryptobranchus alleganiensis) from eastern United States (New York, Pennsylvania, 

Ohio and Virginia) and tested them for Bd and Bsal. Bsal was absent from the whole 

sample collection, while 22 samples tested positive for Bd with low prevalence. Bales et 

al. (2015) stated the necessity of future studies, especially with a focus on aquatic or 

semi-aquatic species like those in Europe (e.g. S. salamandra). Additionally, it could be 

of crucial importance for studies to focus on vulnerable geographical regions such as 

coastal ports since those spots are high likely to support pet trade (Kolby, 2014).   
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 Similar to USA, Canada has also conducted an assessment of threatened native 

species and is consequently in process of drawing out shot-term recommendations on 

the trade of Caudata species, generally from Asia and Europe (UNEP-WCMC, 2016). T. 

granulosa and N. viridescens have been identified as two most vulnerable native 

species considering their distribution range, habitat preferences, to what extent they are 

involved in the pet trade and their level of susceptibility to fungal infection (Stephen et 

al., 2015). Furthermore, European carp (Cyprinus carpio) and goldfish (Carassius 

auratus) have been addressed as potential “mechanical vectors” for Bsal by Canadian 

authorities since their shipments are often mixed with the import of Asiatic salamanders 

(Cooper, 2016). Canadian Food Inspection Agency has been regulating the import of 

these two species (UNEP-WCMC, 2016). 

 In Europe, the highest distribution spot is the Netherlands, Belgium and 

Germany (Spitzen-van der Sluijs et al., 2016). Bletz et al. (2017b) tested German wild 

species of I. alpestris, L. vulgaris and T. cristatus on the chytrid fungi and their 

connection to amphibian skin microbiota. From 273 samples, Bd was found in 15 of 

them while Bsal presence was negative. Bletz et al. (2017b) also argued that microbial 

function may play important role in amphibian resistance towards fungal pathogen and 

that more studies should be performed on this topic. Other studies with similar results 

were conducted in Austria, Czech Republic, Switzerland and Italy. Since 2011 in 

Austria, Bd presence was detected at 10 breeding spots, thus the survey on Bsal 

distribution followed during 2013 with a school project. S.salamandra and S. atra from 8 

localities around Salzburg were tested and resulted in negative presence (Gimeno et 

al., 2015). Furthermore, in the neighbor country, Czech Republic, Baláž et al. (2018) 

collected 126 samples of wild Caudata species (I. alpestris, L. vulgaris and S. 

salamandra) and 198 samples of captive salamanders and screened them for Bd and 

Bsal distribution. Both wild and captive populations were completely free of Bsal, 

meanwhile Bd was detected in low prevalence at three individuals of wild L. vulgaris 

and in one individual of ribbed newt (Pleurodeles waltl) in a captive collection (Baláž et 

al., 2018). Similarly, in Italy, a survey was performed on wild and captive collections 

(Grasselli et al., 2019). All the samples showed the absence of Bsal, while Bd was 

present only in three wild individuals of T. carnifex and in one wild individual of I. 

alpestris.  
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 All mentioned surveys in Europe indicate a generally good health of European 

populations of Caudates, except in the Netherlands, Belgium, Germany and newly 

identified Spain (González et al., 2019; Martel et al., 2020; Spitzen-van der Sluijs et al., 

2016). However, these results should not be taken as a representative situation of 

disease distribution, since its known that Bsal can occur in a very small density in wild 

and captive populations (Sabino-Pinto et al., 2018; Yuan et al., 2018). Therefore, each 

population in Europe that is susceptible and vulnerable to Bsal is at high risk and should 

be tested. The presence of Bsal in captive populations represent a serious threat for 

further spread of the disease (Grasselli et al., 2019).  

 One of the major drivers for its spread is the increased globalization and 

anthropogenic activity and with that, the global animal trade rate (Van Rooij et al., 

2015). Non-native pathogens are often introduced to new locations due to the lack of 

regulations on wildlife trade (Fisher & Garner, 2007). To prevent those cases, proper 

measures and regulates are necessary to implement and to follow (Wyler & Sheikh, 

2013). The problem with establishing proper measures is that not all countries will 

uniformly follow the recommended regulations. For example, each country that 

participates in CITES (Convention of International Trade of Endangered Species), 

which established regulations and commitments, did not adopt those proposed 

measures in the same way, even though the measures should be equally followed by 

everyone. Examples of measures and preventive actions established in some of the 

European countries are: The Netherlands and Belgium where the first outbreaks were 

confirmed, the preventive measures have been established. Countries are establishing 

and supporting research with the focus on surveillance and monitoring of wild and 

captive (imported) animals together with development of biosafety protocols 

(Natuurpunt, 2020; UNEP-WCMC, 2016). Furthermore, Switzerland has established the 

preventive policy actions of all imported salamanders since 2015 (Schmidt, 2016). The 

Swiss CITES Management Authority (MA) has addresses potential problem of 

increased illegal trade if a ban of all imports keep ongoing. Hence, Swiss CITES MA are 

reconsidering of re-opening of import of certified, non-infected animals (UNEP-WCMC, 

2016). On a higher level, the European Commission for Food and Safety has conducted 

legislations and directives for category of “other live animals” imports into EU countries; 

Animal health requirements for trade in and imports to the EU of “other” live animals 

with focus on key points of Directive 92/65/EEC: Harmonisation-the same import 

principles apply across the EU, preventing the entry of animals with infectious diseases, 
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animal health requirements before authorising imports, organisation and competence of 

veterinary services, health certificates that all animals must have, conditions for certain 

infectious diseases; directive 91/496/EEC: mandatory veterinary check of animals 

entering the EU countries. In case the animal enters the EU with an EU national 

certificate, the given country on certificate needs to conduct the veterinary check 

(European Commission, 2020). Furthermore, the European Council in December of 

2015 has recommended the following: restrictions on salamander trade, pre-imported 

screening of animals intended to be used in live animal trade, establishment of 

monitoring and surveillance programs, utilization of biosafety rules in field and captive 

collections, and the development of emergency action plans (UNEP-WCMC, 2016). 

Additionally, in adopting Recommendation No.176 on the prevention and control of the 

Bsal fungus, the Bern Convention Standing Committee addressed the need for the 

development of risk assessment and legislation to prevent, manage and control the 

introduction, release or escape of alien invasive species (including those which present 

a potential threat to native species in spreading a disease) (Secretariat of the CBD, 

2010; UNEP-WCMC, 2016). Another developed prevention is the Early Warning 

System. It is of crucial importance to recognize the symptoms and declines early. Since 

it is impossible to analyse all the regions and populations, the Early Warning System 

was developed so even public science can participate (Stark et al., 2018). In case of 

encountering an amphibian, which was obviously not affected by transport or natural 

death, it is possible to contact one of the 8 hotlines in EU countries that have been 

established for this purpose (www.bsaleurope.com/laboratories/) (Stark et al., 2018). 

Thus, if a country did not develop the preventive systems, at least the people in science 

and pet trade should follow the rules of field and captive collections to try to prevent the 

spread by themselves. In wild populations, the following procedure is recommended: (i) 

tadpoles and adults should not be transmitted between 2 different populations; (ii) 

release programs should be strict and monitored to prevent any possible contamination 

of healthy populations; (iii) during the field sampling, disposable materials should be 

used (e.g. gloves and swabs) and changed after each performed sampling; (iiii) before 

leaving the site, boots and other equipment should be cleaned to avoid potential 

spreading of the diseases to another locations and healthy populations (Mutschmann, 

2015). In the case of captive collection: (i) amphibians intended for pet trade should be 

placed in quarantine up to 8 weeks and tested for chytrid; (ii) and captive animals 

should not be released into nature (Mutschmann, 2015). 

http://www.bsaleurope.com/laboratories/
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 During the initial outbreak of Bd, preventive measures were not taken seriously, 

and it resulted in a global pandemic for amphibian biodiversity (Stuart et al., 2004; 

Voyles et al., 2012). On the other hand, since the occurrence of the second chytrid 

fungi (Bsal), the global response was quicker and more developed (Grant et al., 2017). 

However, the given examples of countries with developed prevention systems are 

mostly those which had already dealt with major Caudata declines. The rest of Europe, 

like Balkan, still lacks basic monitoring and surveillance programs for Bsal (Yap et al., 

2017).  

6.2 Threats to Amphibians in Croatia 

 In the field, we have observed possible drivers that could have an influence on 

our populations and with it, on the results. The effects of global climate change and 

pollution were not significantly influential since we have conducted our research in 

generally un-modified nature or with low presence of humans. However, the general 

problem as increasing of average temperature and consequent animal migration 

upwards, can present a future problem in populations that already inhabits higher 

altitudes (Pounds et al., 1999; Subba et al., 2018). Three of our study sites (TUK, 

TUK2, PZ) were located in mountain areas, where in case of unfavourable living 

conditions, populations will have no place to migrate. 

 Croatia has around 46% of area with karst topography which influences on its 

fauna biodiversity endemism and population isolation (Bonacci, 2003). Since in this kind 

of habitat it is common for the water levels to decline and for the springs to run dry, 

species must retreat underground and develop themselves as neotenic individuals 

(Bendik & Gluesenkamp, 2013). Exactly this situation was present in PI study site, 

where on 9m of depth close to the spring, we encountered a sizable population of 

neotenic species of I. alpestris. 

  One of the biggest problems in Croatia are drainage, agricultural transformation 

and the modification of river flow (Priroda Hrvatske, 2020; Žeželj, 2011). Such a human 

alteration was obvious at 2 study sites, which were modified into wells. The Bunar u 

Otriću site was highly modified and the well was at a distant of about 10m from the 

road, but the population was deep enough in the well to not directly be influenced by the 

traffic and air pollutants. On the other hand, the well in Potplača is a product of human 

modification of habitat, the location was centered in low inhabited location by humans 
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and surrounded by a meadow ecosystem. The potential threat in this kind of habitat 

transformation is when the wells are not made or used accordingly to the water 

capacity. Overuse or shift in the water regime can change the habitat of the population 

living inside, thus influence on the connectivity between populations (Beja & Alcazar, 

2003; Kupferberg et al., 2012). Furthermore, depending on the way of construction, 

populations can suffer from neoteny and fragmentation consequences if they are not 

able to migrate out from the well (to climb or to connect with other ponds and 

populations via underground channels) (Wind, 1999).  Both of our localities (K and W) 

were easily to exit, meaning the studied communities should not be threatened by 

mentioned risks.  

 Since Croatia is not predominantly a wetland country, the number of major 

wetlands and water areas suitable for amphibian communities are small. Hence, those 

areas generally have a status as national park or nature park with special conservation 

and protection plans (e.g. nature parks Lonjsko polje and dolina Neretve; national parks 

Krka and Plitvička jezera, etc.) However, there are many smaller unmarked water 

bodies, especially alongside of the rivers, that are not being consistently maintained 

and are presumably drastically changed by humans (logging, agriculture, urbanization, 

etc.) (Kudeljnjak, 2009). For those kinds of habitats, unfortunately Croatia lacks 

information. The logging problem was noticeable in two of our study sites which were 

near by the forestry area. Currently the ponds are not directly affected by those 

activities, but considering the fast spread and careless actions in these industries, it 

could be a potential threat which could change the quality of the ponds and to reduce 

an available habitats for breeding (Hayes et al., 2010a; Semlitsch et al., 2009). It is also 

important to mention the lack of accessible tunnels for amphibian migration. In Croatia, 

this measure is still not fully applied, and the consequences of it (as the road killing) are 

presenting a serious problem for amphibian populations (Kudeljnjak, 2009). Exactly this 

issue is present at the W sight, where the well is too close to the main road and there 

are no mitigation measures carried out (migration tunnels and temporary or permanent 

fences). 

  In some other cases, human action had contributed to the development of 

suitable habitats. Sometimes, susceptible water surfaces succeed due to the 

transformation of habitat, especially within the aim to make a water trough for cattle.  

However, those water surfaces are becoming rarer and more threatened (Ćirović et al., 
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2008). The reason for their decline is conditioned by human activity and changing 

climatic conditions (e.g. lack of precipitation). Furthermore, as traditional cattle breeding 

disappears, water surfaces remain forgotten and enter the process of succession and 

ecosystem recovery (Ćirović et al., 2008). On our excursions, we did not come across 

extremely modified water bodies or those undergoing succession, but we did notice in 

PZ site a potential agricultural threat to the pond. It is not sure was the pond natural or 

artificially made, nevertheless, it was observed that the pond is highly used by the cattle 

for water. Without a future conservation and the management of the pond, such as 

division management for the water trough, this habitat could soon be destroyed by 

overgrazing and stepping from the cattle (Kudeljnjak, 2009). 

  Furthermore, on the excursion, we noticed another significant human factor, the 

over-stocking of invasive fish species, C. carpio and C. auratus. This upcoming trend is 

extremely dangerous towards amphibian populations, since fish eliminate the existing 

larvae. Hence, after some time, the population fails to persist (Arntzen W. et al., 2009). 

These alterations were noticed outside of our sampling sites, nevertheless it indicates a 

potential problem which needs to be further managed. As for the threat of 

overexploitation, the most endangered Croatian species in pet trade is P. anguinus. 

Since it is a regionally endemic species of underground habitats, it is highly interesting 

for collectors in illegal trade (HBSD, 2020). Regarding the species found in our 

localities, I. alpestris, only small amount of this species was detected in commercial pet 

trade (mostly from Ukrainian localities) (Arntzen et al., 2009). 

 The presence of logging, urbanization, agriculture etc. is affecting daily on 

amphibians and their habitats. We observed a potential threats and lack of conservation 

actions in studied locations. To maintain native local habitats, I suggest that amphibian 

conservation efforts will be the most effective with implementation of mitigation 

measures and conservation actions and projects. It is of major concern to not lose small 

water bodies, but to encourage people (especially local) to preserve them. Measures 

such as habitat conservation, reducing the impact on the river flow, implementation of 

migration tunnels and fences, preserving ponds from the cattle, elimination of invasive 

species etc., could all be beneficial for pond persistence. Likewise, it would be of great 

help to restore the ponds that were formerly used as water trough for cattle. In this way, 

favourable living conditions would be restored, and amphibians would have more  
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7. Conclusion 

  IUCN listed amphibians as the most threatened vertebrate group with 

41% of endangered species worldwide. The reasons behind these declines are various 

threats such as: climate change, pollution, habitat loss and alteration, overexploitation, 

invasive species and emerging diseases.  

 One of the most threatening emerging wildlife diseases is chytridiomycosis 

caused by Bd and Bsal pathogens. Originating from Asia, by way of pet trade, the 

disease has spread over the world causing massive declines in amphibian populations. 

Bd was discovered earlier in 90’s and has made a dreadful impact on Anura and 

Caudata of at least 520 species over the world. However, since Bsal was discovered in 

2013, and the preventive management was slightly better given Bd 's experience, the 

new pathogen did not spread in the same amount. 

 Hotspot of declines in wild populations of Caudates due to Bsal pathogen was in 

Netherlands, Belgium and Germany. Considering the losses, those countries have 

developed and implemented various preventive measures and actions, while many 

other EU countries did not even establish basic monitoring surveillance. Furthermore, 

this lack of data for many EU countries have made the real Bsal distribution less 

accurate.  

 Since Croatia is one of those countries with a lack of monitoring and the suitable 

conditions for further spread, we have carried out the study within wild populations of 

Caudates. We have sampled six populations of I. alpestris in various kind of habitats 

(mixed forest, mountain regions and wells). Sampling was conducted following the 

hygienic protocol for disease control with non-invasive sampling techniques. DNA was 

collected with sterile dry swabs that were further placed in eppendorfs and stored in 

cooling device. To analyse samples, it was necessary to perform the isolation of DNA 

and to run samples in standard PCR.  

 The standard PCR analysis showed negative presence of Bsal fungal pathogen 

among sampled populations. With the analysis of skin swabbed samples from tested 

Caudata populations, it is proven that the Croatian Caudates communities lack of 

detection of Bsal. Further studies are necessary to conducted with more populations, 
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better representative sample size and to include all susceptible and in data deficit 

species.  

 With this pilot study, we have carried out monitoring surveillance in Croatia, 

confirmed the absence of fungal pathogen Bsal and the good health of wild populations 

of Croatian Caudates. The study was necessary to conduct since Croatia contains all 

the requirements for Bsal potential spread and persistence. The study followed previous 

protocols standard for Bsal, with the expectations of negative presence.  

 The Balkan peninsula is generally a highly susceptible area for further spread; 

however, it lacks monitoring, basic surveillance and conservation actions. This lack of 

data representing Balkan regions could be improved with more developed monitoring 

systems to keep track of amphibian health. Additionally, more surveys should be 

performed to have a better overlook of this diseases spread. Following the development 

of Bd survey distribution would be a logical place to start. 

 Furthermore, as mentioned in the methodology, in the case of the developed 

surveillance system, it would be advised to conduct surveys on a higher number of 

localities and on a wider range of species. With understanding the effect in different 

species and their defence mechanisms, it would be easier to establish proper 

preventive management actions and health treatments. Moreover, besides getting more 

data on Bsal distribution, the implementation of conservation and action programs 

would also contribute to prevention of the poorly regulated animal trade.  

 Nowadays, amphibians’ populations all over the world are facing various threats 

daily. As conservationists, one of our main goals is to try to minimize the effect of these 

threats and help to prevent the endangered populations from rapid declines and 

extinctions. In order to have precise data, the continuous and basic monitoring 

surveillance is necessary.  

 In the case of Bsal, knowing its accurate presence is a necessary and important 

step for having a better global picture of its distribution. Furthermore, with additionally 

education of public and developed emergency hot lines, the citizen science could 

contribute in recognizing the diseases in time. Considering amphibians are important 

bioindicator of natural health and key species for various ecosystems, their 

conservation and protection is of major importance.  
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