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Abstract

Emerging infectious diseases are threatening the global ecosystem and can cause huge
economic damage. Worldwide, amphibians are at a high risk of decline or even extinction due
to the fungal pathogen Batrachochytrium dendrobatidis. Its origin remains obscure and its
global distribution is underestimated because of its cryptic spread.

To investigate the historical status and distribution of this pathogen in Switzerland, I made a
retrospective survey on preserved amphibians from natural history museum collections.

I took skin scrapings from 788 specimens of all 20 Swiss species from 252 different locations,
collected over a time span from 1853 until 2009.

The fungal DNA was detected by real time quantitative polymerase chain reaction in 21
specimens from 15 different locations ranging from 260 to 1960 meters above sea level. The
earliest finding of the pathogen is from 1901 followed by evidences from the 1980ties.
Because of the fact that locations in all biogeographic regions and at the deepest and highest
elevations are infected I assume that the pathogen can potentially occur everywhere in
Switzerland where amphibians occur. The pathogen seems to be at least in some populations
human introduced, which reveals the importance to prevent further spread by humans. The
actual situation and future directions of the infection status need to be surveyed further to

prevent possible negative impacts on the Swiss amphibian community.
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Introduction

Cryptic or novel and rapidly spreading diseases are massive threat to biodiversity and are
considered as the most important causes for extinctions after habitat loss (Vitousek et al.
1997). Recently discovered emerging pathogens are responsible for many population declines
in many different species. The White Nose Syndrome in bats caused by the snowy-white
fungus (Geomyces destructans) first appeared in 2006 and caused a population decline of up
to 97% in hibernation sites of some bat species in the USA (Blehert et al. 2009). Another
disease affecting ash trees (Fraxinus spp.) in large parts of Europe is known since 1851 but its
recent emergence remains enigmatic (Queloz et al. 2010). Another dramatic case of an
emerging disease takes place in the amphibians.

92.5% of the amphibians that are critically endangered are not threatened by classical threats
such as habitat loss and overexploitation (Stuart et al. 2004; Mohneke et al. 2009). Many of
these species occur in protected and therefore mainly undisturbed areas and the reasons for
population declines were partly unknown in the beginning (Daszak et al. 1999; Skerratt et al.
2007; Rosenblum et al. 2010). Mass mortality events in Australia and Central America during
1993-1997 causing significant and long term population declines lead 1998 to the first report
of a parasitic chytridiomycota on vertebrates (Berger et al. 1998). It is now generally accepted
that many of the rapid enigmatic declines are driven by this fungus (Skerratt et al. 2007) and
that it has been responsible for mass mortality events in Costa Rica in 1987 (Lips 1999) and in
Spain in 1997 (Bosch et al. 2001; Walker et al. 2010).

This new member of the chytridiomycota was classified as Batrachochytrium dendrobatidis
(Longcore et al. 1999) [Bd]. Transmission experiments proved the lethal effect of the
pathogen (Berger et al. 1998/2002; Longcore et al. 1999; Tobler & Schmidt 2010). A global
survey found 387 species in 37 families of frogs, toads and salamanders infected with Bd
(Fisher et al. 2009). A recently developed species distribution model showed that the total
distribution of one sixth of all and half of the range of over 50% of all known amphibian
species fall into regions potentially suitable for Bd. Almost all of the 397 species identified
under high risk of decline due to Bd are listed as threatened with extinction under the IUCN
Red List of Threatened Species (Rodder et al. 2009).

Bd has been considered “as the worst infectious disease ever recorded among vertebrates in
terms of the number of species impacted, and its propensity to drive them to extinction” and
“there is growing consensus among scientists that the spread of chytridiomycosis has driven
and will continue to drive amphibian species to extinction at a rate unprecedented in any

taxonomic group in human history” (Gascon et al. 2007).
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Where Bd comes from is still not clear and there is an ongoing debate on the ancestral origin
of Bd (Daszak et al. 1999; Weldon et al. 2004; Garner et al. 2006; Rachowicz et al. 2005;
Skerratt et al. 2007). The earliest documented evidence of Bd infection in wild amphibians is
from Africa from 1933 (Soto-Azat et al. 2010), followed by North America from 1961
(Ouellet et al. 2005), Australia from 1978 (Skerratt et al. 2007), South America from 1980
(Lips et al. 2008), Europe from 1997 (Bosch et al. 2001) and Mainland Asia (Yang et al.
2009). In Switzerland the earliest confirmation of Bd in the wild to date is from 2005 (Garner
et al. 2005). But these dates often do not necessarily show the first occurrence in these
regions. Instead, they often just represent the date of the first research done. As the pathogen
is found in almost every region once researchers start to look for it, the global distribution of
Bd seems to be underestimated and the timing of spread wrongly dated (Skerratt et al. 2007,
Lips et al. 2008; Rodder et al. 2009).

A recently initiated Global Mapping Project found evidence of Bd in 45 of 78 (58%) countries
sampled. 1168 (48%) of 2449 sites examined were infected with Bd (Fisher et al. 2009). In
Europe, Bd has already been found in France, Spain, Portugal, Italy, Great Britain and
Switzerland, infecting many different amphibian species (Garner et al. 2005/2006). In
Switzerland the infection prevalence has been studied intensively and was considered
exceptionally high (Garner et al. 2005) and Bd is widespread (Tobler & Schmidt 2010).

There are two main hypotheses on the origin of chytridiomycosis:

1) The Novel or Spreading Pathogen Hypothesis proposes that a pathogen has spread into
new areas, where the hosts are not adapted to it. This thesis is supported by the fact that in
most of the cases there was no evidence of Bd before die-offs (Berger et al. 1999; Green &
Sherman 2001; Ouellet et al. 2005; Simoncelli et al. 2005). The first evidence of Bd (Soto-
Azat et al. 2010) and a high prevalence without observations of mass die-offs have been
reported from Africa; this may suggest a long co-evolutionary history between African hosts
and Bd (Kielgast et al. 2009). Therefore the pathogen is considered to have its origin in Africa
(Weldon et al. 2004; Soto-Azat et al. 2009/2010; Kielgast et al. 2009). The spreading of Bd
presumably takes place by the global dislocation of animals, plants and raw material by
humans (Daszak et al. 2003; Rachowicz et al. 2005; Garner et al. 2006) leading to its
widespread but patchy distribution (Rodder et al. 2009; Walker et al. 2010). Genetic analyses
found low global genetic variation which could be due to recent Bd population mixing by
translocation between regions (Daszak et al. 2003), by single origin (Fisher et al. 2009) or
recent, rapid and repeated dispersal of the pathogen (James et al. 2009).
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2) The Emerging Endemic Pathogen Hypothesis in contrast states that the endemic pathogen
has become either more pathogenic, virulent and transmissible or rather the hosts became
more susceptible to the pathogen (Daszak et al. 1999; Rachowicz et al. 2005; Skerratt et al.
2007). Evidence of environmental factors influencing the outbreak of the disease (Fisher et al.
2009), the fact that some species are less susceptible than others and that Bd can be present in
a population before declines happen (Garner et al. 2005/2006; Ouellet et al. 2005) point
toward this second hypothesis.

However, both hypotheses may not be mutually exclusive and might not as well apply to all
species or all areas (Rachowicz et al. 2005; Kilpatrick et al. 2009). It is still unknown how and
when Bd was introduced into protected and undisturbed habitats (Vredenburg et al. 2010;
Rosenblum et al. 2010).

In order to decide whether Bd is a novel or endemic pathogen, I need to know for how long it
has been present outside its putative area of origin (i.e. Africa). Here I present the first
historical retrospective survey in Switzerland and Europe to investigate the historical status
and distribution of Bd. To do so, I tested museum specimens for the presence of Bd. A
historic survey of Bd is also important because conservation action will differ substantially

depending how long it is present in an area and if the pathogen is novel or endemic.
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Material & Methods

Short review: Diagnostic Methods

Zoospores and sporangia of Bd are most likely found in the skin of the ventral abdomen, the
pelvis, on hind limbs and feet (Longcore et al. 1999; Pessier et al. 1999; Green & Sherman
2001; Berger et al. 1999/2005b). In tadpoles, the fungus can only be found in the keratinised
mouthparts (Vredenburg & Summers 2001; Garner et al. 2005; Hyatt et al. 2007).

There are several methods how Bd and/or chytridiomycosis can be detected. Hyatt et al.
(2007) and Smith (2007) point out that the evidence of zoospores from Bd does not
necessarily imply evidence of the disease chytridiomycosis as some species seem to be
healthy carriers of the fungus. For this study this differentiation is not essential, as I primarily
want to find the first evidence of infection with Bd and not the first outbreak of the disease.
Scanning (Berger et al. 1998; Berger et al. 2005a) and transmission electron microscopy
(Pessier et al. 1999; Ouellet et al. 2005; Berger et al. 2005a) is used to identify Bd by means
of the ultra structure of the zoospores and chytridiomycosis by means of skin anomalies. This
method is not useful for screening a lot of samples for infections. It is very time consuming
and because of the small area examined, light infections can be missed. Different techniques
have been used for detecting Bd and chytridiomycosis, respectively.

Routine histological methods have been used frequently for detecting intracellular sporangia
in amphibian skin samples and a wide variety of different staining procedures have been
tested. One of the simplest methods is to just scrape the skin of the specimen under
investigation, to stain the probe with Congo Red and to look for stained zoospores and
sporangia (Briggs 2003; Briggs & Burgin 2004). Staining of formalin fixed, paraffin-
embedded and thin sectioned tissues with haematoxylin and eosin [H&E] was the first and
most frequent method used (Berger et al. 1998; Longcore et al. 1999; Daszak et al. 1999).
With these approaches, the chytrid sporangia could be confounded with developmental stages
of Protozoans (Pessier et al. 1999), and thus skilled experts are needed for effective detection
and accurate identification of the fungus (Van Ells et al. 2003; Briggs 2003).

A more sensitive method for detecting the chytrid fungus, which also decreases the need for
skilled diagnosticians, has been established by the use of polyclonal antibodies together with
an immunoperoxidase [[PX] stain (Berger et al. 2002). This method has been used frequently
(Van Ells et al. 2003; Olsen et al. 2004).

One problem with all these methods is, that usually only a small part of the animal’s
epidermis such as a single toe clip is examined and therefore only late stages and heavy

infections can be detected routinely (Kriger et al. 2006). Serial examination of many slides
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improves the sensitivity but is even more time consuming (Hyatt et al. 2007). Also, the
invasive sampling can be problematic, especially in valuable museum specimens and live
animals of rare species (Boyle et al. 2004; Soto-Azat et al. 2009). Furthermore, in old
preserved samples a lack of the upper keratinised epidermis can occur because of partial
erosion (Ouellet et al. 2005; Walker et al. 2008); consequently only few or no sporangia may
be left in the sample. This problem can be solved partially by counterstaining the epidermal
keratin, leading to increased confidence in a negative diagnosis where keratin is present but
not the fungus (Olsen et al. 2004).

DNA based diagnostic assays have been established and used to screen for the fungus (Boyle
et al. 2004; Annis et al. 2004; Simoncelli et al. 2005). A bigger skin surface can be examined
by using skin scrapings (Pessier et al. 1999), swabs (Berger et al. 1998) or by bathing the
specimen (Hyatt et al. 2007) and therefore the risk of missing the infection is reduced
compared to the use of toe clips.

Methods differ in their sensitivity. An overview of the sensitivity of the different methods is
given by Hyatt et al. (2007). Histological methods are not able to detect the fungus until 14
days after infection, while a real time quantitative polymerase chain reaction [qPCR] assay is
able to find evidence already after 7 days. Hence, qPCR can also detect light infections. The
diagnostic sensitivity of qPCR using bath sampling is 77% and of qPCR with toe clipping
58%. With histological methods and the use of fungal stains (H&E) the sensitivity was only
29.5% and 33.3% with the use of polyclonal antibodies (IPX) respectively (Hyatt et al. 2007).
Also Kriger et al. (2006) showed, that gPCR with swab sampling is at least twice as sensitive
to detect Bd as histology of toe clips. Little is known about the variability between levels of
infection on toe clips (Boyle et al. 2004). For archived museum specimens preserved with
formalin, it could be a challenge to extract the fungal DNA and use it for a qPCR assay
(Miething et al. 2006; Wandeler et al. 2007). There are methods to extract DNA from archival
tissue (Jackson et al. 1990; Kallio et al. 1991; Sepp et al. 1994; Shedlock et al. 1997) and
whole genome amplification was feasible with tissue stored in formalin for 17 years (Walker

et al. 2008).
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Pilot study

To investigate the appropriate method for our purposes, I tested different protocols: staining
and two kinds of PCR.

Staining skin with Congo Red (Briggs 2003; Briggs & Burgin 2004), the simplest, most rapid
and most cost effective method was not convincing in a test with infected specimens. The
presence of Bd could be foreshadowed, but without experience and expert knowledge, the
proof of a Bd infection remains vague. Different species of fungi cannot be distinguished
using this method and I assume that light infections are easily missed.

Initial tests with PCR were more promising. The most sensitive and specific diagnostic
approaches detect fungal DNA by real time quantitative polymerase chain reaction [qPCR]
(Boyle et al. 2004; Simoncelli et al. 2005; Walker et al. 2008). I did preliminary tests to reveal
if these methods can also be used with non invasive sampling methods (skin scrapings) and
with formalin preserved specimens. I sampled three ethanol (BLZ 17, BLZ 28, SGA 36) and
five formalin (BLZ 02, BLZ 04, SGA 47, SGA 50, BLI 31) fixed Alytes obstetricans from the
Zoological Museum of the University of Zurich, which were tested positive for Bd by Ursina
Tobler (personal communication) in other studies. I used skin scrapings taken with a scalpel
razor blade from the ventral abdomen/pelvis, the ventral hind limbs and the plantar surface of
the hind feet. This procedure is minimally invasive and does not cause visible damage to the
specimens, which is important for valuable museum collections. The DNA was extracted
following the methods used in Boyle et al. (2004), Simoncelli et al. (2005) and Walker et al.
(2008). Here, a similar kit for the Whole Genome Amplification was used: WGAS
GenomePlex Tissue Whole Genome Amplification Kit, Sigma Aldrich. The qPCR according
to Boyle et al. (2004) was duplicated for every extraction method and an internal negative
control and standards (100; 10; 1; 0.1 zoospore standards) were used. All the samples from
ethanol stored specimens were tested positive with both methods, while from the formalin
fixed samples, only 20 percent of the tested specimens could be tested positive with the
method of Simoncelli et al. (2005) and the other method yielded no positive results
(Appendix: Table 4). Many specimens from the Natural Museum Bern had been stored in
formalin first and then transferred into ethanol (Liips et al. 2005). Therefore and because the
costs are lower, I used the extraction method from Boyle et al. (2004) for museum specimens
stored in ethanol and the extraction method from Simoncelli et al. (2005) only for formalin
fixed specimens and for specimens where it is not clear how they were stored. Manufacturer

protocols were followed.
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Data Collection

I contacted 14 natural history museums in Switzerland and from four of them I received the
catalogues of their amphibian collections (Appendix: Table 5). The other museums do not
have Swiss amphibians in their collection or the specimens are stored in a matter that does not
make them suitable for my study. In total 1414 specimens have complete records in terms of
species, sampling year and location (Appendix: Table 5: specimens available). All 20 Swiss
species are available (Schmidt & Zumbach 2005). Specimens from 252 different locations
over a time span from 1853 until 2009 are available. Needless to say the available museum
specimen are somewhat clumped in terms of species, time and location because of differing
collecting effort (Pyke & Ehrlich 2010). If a lot of individuals from the same species were
sampled at the same location and year, I excluded some specimens and used only about ten
adult animals per location and year. This results in a total of 788 specimens examined
(Appendix: Table 5: specimens used).

Interesting is one specimen of the African Clawed Frog (Xenopus laevis) from a breeding
programme of the pharmaceutical company Hoffman La Roche in Basel collected in 1948.
This species is known to be healthy carriers of Bd (Berger et al. 1999; Daszak et al. 1999;
Wake & Vredenburg 2008) and is suspected to have spread the pathogen via international
trade (Daszak et al. 2003; Weldon et al. 2004; Schloegel et al. 2010).

Data collection included taking the skin scrapings, noting the collection location of the
specimens, the date of collecting and the altitude and coordinates of the sampling location. To
prevent cross-contamination between the specimens, I used a fresh pair of disposable gloves
and a new scalpel blade for every single individual. Before taking the skin scrape, the animal
was rinsed with demineralised water to remove most of the storage solution and placed in a
fresh Petri dish for examination. This was important in particular for jars containing multiple
specimens of the same species. In the Natural History Museum of Basel, a lot of animals were
stored in this manner, while in the other museums every specimen was stored in an individual
container. The skin scrapings were transferred into Eppendorf tubes and stored at -20° degrees

until DNA extraction.

DNA Extraction

The DNA from the skin scrapings were extracted by using the method described in Boyle et
al. (2004) for ethanol stored specimens (Museums Basel, Neuenburg, Ziirich) and the method
described in Simoncelli et al. (2005) for specimens with unknown fixation and / or storage

history (Museum Bern). The protocols from the manufacturers were followed.
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DNA Analysis
The protocol by Boyle et al. (2004) was used for the qPCR, but only duplicates instead of

triplicates were run for each sample. A sample was considered positive if both replicates
yielded a clear sigmoid amplification curve (Soto-Azat et al. 2010; Kielgast et al. 2009). If
only one PCR well from one sample returned a positive result, the gPCR was repeated once,
and if the repetition returned no positive result, the sample was considered as negative. As the
extractions for the ethanol stored specimens were diluted 1:10, the qPCR results in genomic
equivalents were multiplied by the factor 10 (Boyle et al. 2004). Because Simoncelli et al.
(2005) use a different extraction method with several purification and cleaning steps, it was
not clear in the beginning how the results of these two methods could be compared. Therefore
I tested ten infected and ethanol stored specimens of Alytes obstetricans from the Zoological
Museum of the University of Zurich with both methods to investigate the dilution factor for
the method used by Simoncelli (2005). This test resulted in a multiplication factor of 80
(comparable to Vredenburg et al. 2010 and Briggs et al. 2010).

11
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Results

Of the 788 specimens examined (Appendix: Table 5: specimens used), 21 were tested
positive, ten specimens yielded equivocal results and were considered as equivocal cases of

Bd infections (Table 1, 2, 3) and 757 yielded a negative qPCR result.

Table 1: Tested species (No. = Number of specimens examined; Pos. = Number of positive

results; Eq. = Number of equivocal results)

Family Species No. | Pos. | Eq.
Salamandridae | Alpine Salamander (Salamandra atra, Laurenti 1768) 52 0 1
Fire Salamander (Salamandra salamandra, Linnaeus, 1758) 40 0 1
Great Crested Newt (Triturus cristatus, Laurenti 1768) 12 0 0
Italian Crested Newt (Triturus carnifex, Laurenti 1768) 2 0 0
Alpine Newt (Mesotriton alpestris, Laurenti 1768) 179 0 1
Palmate Newt (Lissotriton helveticus, Razoumowsky, 1789) 31 0 0
Common Newt (Lissotriton vulgaris, Linnaeus, 1758) 21 0 0
Alytidae Midwife Toad (A4/lytes obstetricans, Laurenti, 1768) 32 0 0
Bombinatoridae | Yellow-bellied Toad (Bombina variegata, Linnaeus, 1758) 26 2 0
Bufonidae Common Toad (Bufo bufo, Linnaeus, 1758) 117 5 3
Natterjack (Bufo calamita, Laurenti, 1768) 20 0 0
Green Toad (Bufo viridis, Laurenti, 1768) 3 | 0
Hylidae Common Tree Frog (Hyla arborea, Laurenti 1758) 14 2 0
Italian Tree Frog (Hyla intermedia, Boulenger, 1882) 4 1 0
Ranidae Pool Frog (Pelophylax lessonae, Camerano, 1882) 11 1 2
Common Waterfrog (Pelophylax esculentus, Linnaeus,
1758) 56 2 0
Laughing Frog (Pelophylax ridibundus, Pallas, 1771) 11 3 0
Common Frog (Rana temporaria, Linnaeus, 1758) 113 2 2
Agile Frog (Rana dalmatina, Bonaparte, 1840) 27 2 1
Italian Agile Frog (Rana latastei, Boulenger, 1879) 15 0 0
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GENUS |  SPECIES | CANTON| COUNTY LOCALNAME XCOORDINATES | ¥ COORDINATES | ELEVATION | YEAR| MUSEUM | MUSEUMNR | AGE |SEX|qPCR| GE
PELOPHYLAX |[ESSONAE | Tino (lgano  |Lugano 1780 95510 B |100| MVEE | s - - | T
PELOPHYLAK |[ESSONAE | Tino |lugano  |Lugano 1780 el B |10\ NVEE | s - |- | 03
AANA TEMPORARA | Tidna - (Maggia H0R435 122554 60 (18| MBS | iRz | AD |- | 00
SALANANDRA *[ATRA Beme (mnericfen | Gental 665515 7748 1300 |1972| NMBE | foiegee | AD |- | | 072
CALAMANDRA - SALANANDRA | Vlais - (SaintLéonard |- a4 122278 S0 (190| NMBE | toiemse | AD [ F | op| 282
ANA OALMATNA | Tieino {kagna hagna 718096 132067 20 |12\ MVBE | woss | AD [ M| 0%
BOMBINA ~ VARIEGATA | Beme [Mintschemer \Grub Tt 5648 40 193] NMBE | tomMe | - |- | 13
PELOPHYLAY  ESCULENTUS | Beme |Wigwi Resenat Fanel 570089 20378 490|194 | NNBE | 100 | UV |- | 199
BOMBINA ~ VARIEGATA | Vaud |Portaban A 198240 B0 (17| MINE | w8 | - |- | 0B
PELOPHYLAX  |RIDIBUNDUS | Friboury ({eimbdsingen | Aured 820 (54131 80|19\ NVEE | wosr N |- | 02
RANA TEMPORARW | Beme |Bénswl  |Bemoos fl8e7 s B0 | 192| NMBE | toiere | AD [ M| | 007
RANA OALMATRA | Tino |Chiasso  |Softo Penz T2 il W0 | 194) NMBE | t0mE05 | AD [ M| pn| 102
BUF0 VRO Tino {Nowazzano | Torazza (iduste 1205 [t B0 | 1995 | NMBE | 0411 | U |- | o | 283016
RANA TEMPORAR | Beme |Treten Trefemweher Y 642 40 | 1995) NMBE | tomor2 |SUBAD| - | pp | 208
WESOTRITON  ALPESTRIS | Beme (Gls Rugfgumme, Millgumme, Lit P 29610 g0 |19\ NVBE | 1oooer | AD [ M opo| 008
RANA TEMPORARW | Grsong |Poschiavo ~ |Pozzulase B02ogs 140383 1560|1985 | NMBE | 10770 | AD (M| | 39
BUFD BUFD Ticno  |Genesteno | Colombera Ti8d04 8755 M0 | 1998) NMBE | 1083645 | AD [ M| | 00
PELOPHYLAX  \RICIEUNDUS | Beme |Gampelen  |Seewald 57013 5242 430|199 ) NMBE | todere | AD [ M| p | 0
PELORHYLAX  |RIDIBUNDUS | Friboury ({eimbdsingen | Aured 820 (54131 80 |19 | MVBE | tousers | AD |- | 08
HiLA NTERMEDW | Tidno |Novazzano ~ {Novazzano TR i B0 |02 NMBE | 108 | AD |- || 0B
BUFD BUFD Beme (Grindetwald  Loicktie 30124 166278 700 |M04| NMBE | 1054138 | AD [ M| | 00
BUF0 BF0 Beme | Grindefwald  Grosse Scheideqg, Chalberboden Bs1018 167664 1920 | 204] NMBE | 10440 | AD [M || B4
BUF0 Blr0 Beme | Grindefwald  Grosse Scheidegg, Chalberboden 1018 (67864 920 | 204] NMBE | 0441 | AD (M) opo| 1685
BUFD BUFD Beme (Grindetwald  Buessap ) [68645 740 |S04| NMBE | 1054044 | AD [ M| pp | 006
RANA OALMATNG | Beme |appekn | Katzznshl BT 21487 W0 |20 NMBE | tosa0es | AD [ M| | 048
BUFD BUFD Beme |Laderbrunnen | Wengemaly 39034 158534 1960 | 2004| NMBE | 104050 | AD (M| p| 0R)
BUFD BUFD Beme (Grindefwald  Loicktiel 50124 [66278 700 |204| NMBE | 10s403¢ | AD | F || 008
BUF0 Blr0 Beme | Grindefwald  Grosse Scheidegg, Chalberboden 1018 (67864 920 | 204| NMBE | 04138 | AD (M| 00
PELOPHYLAX  ESCULENTUS | Beme (Fapoekn  |Katzenst S 21487 40 |05 NMBE | 1084760 | MV | - | pp | 468575
HYLA ARBOREA | Friboury |{eibdsingen | Aured B0 (54131 80 |05\ MVBE | tomTsa | AD [ M) g | O
HYLA ARBOREA | Friboury ({eimbdsingen | Aured B0 (54131 80 || NVEE | vt | AD |- | | 230244

X /Y COORDINATES = swiss coardnate system (Buiss ri
ELEVATION: Level above sea ()
AGE:AD-= adulr SUBAD = subadul JUV = e
MLISEUM: NMBE = NaturafHisory Museum of Be: NMBS = Natural Hisory Musem of Base's NMNE = Nl Hisory Museum o Neuehdte
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Table 3: Distribution of positive specimens over decades examined

Decade Positive | Equivocal | Tested | % Positive
1850-1859 0 0 10 0
1860-1869 0 0 0 0
1870-1870 0 0 70 0
1880-1889 0 0 51 0
1890-1899 0 0 7 0
1900-1909 1 1 54 1.9
1910-1919 0 0 15 0
1920-1929 0 0 13 0
1930-1939 0 0 13 0
1940-1949 0 0 37 0
1950-1959 0 0 30 0
1960-1969 0 1 78 0
1970-1979 0 1 61 0
1980-1989 5 1 183 2.7
1990-1999 5 4 74 6.8
2000-2009 10 2 92 10.9

Total 21 10 788 2.7

Figure 1: Map showing the locations of the positive tested specimens (red circles) with year of
collection (boxes). The colours of the boxes indicate different decades.
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I found evidence for Bd at 22 out of 252 sites where museum specimens were collected
(Figure 2) ranging from 260 to 1960 meter above sea level (Table 2). From 3 of these
locations both positive and equivocal, from 12 only positive and from 7 only equivocal results

from specimens examined were found.

2007, Offics fodral d tepograpin, fksm O 920 30 4 & € 70 £ 90 10

Figure 2: Map showing collection sites of examined museum specimens (black dots) and
positive (red dots) or equivocal (orange dots) tested locations respectively.
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Discussion

Bd could serve as a model species for understanding emergent and rapidly spreading
pathogens (Rosenblum et al. 2009). It is important to investigate the historical distribution of
the fungus to evaluate possible threats for species in so far unaffected regions and to find out
if chytridiomycosis is a novel or endemic disease. The conservation and research efforts
should be different for both cases.

Here I present the earliest evidence of Bd in the wild for Switzerland, Europe and maybe even
worldwide. The fungus has been present in Switzerland for at least 28 years and presumably
even for more than a century. The pathogen has been in the main biogeographic regions of
Switzerland and at all altitudes where amphibians occur for decades (Figure 2). This suggests
that Bd was as widespread in the 1980ties as it is nowadays (Garner et al. 2005, U. Tobler &
B.R. Schmidt, unpublished data), both in terms of geography and number of host amphibian
species. The percentages of positive tested specimens increased in the decades since the
1980ties from 2.7 over 6.8 to 10.9 (Table 3), indicating a growing infection prevalence. But
this could be also just due to difficulties in detecting degraded DNA from older samples.
Despite the fact that many of the positive qPCR results yielded only very low levels of Bd
genomic equivalents (GE), these results were constant and repeatable as in other studies
(Hyatt et al. 2007; Vredenburg et al. 2010; Briggs et al. 2010; Murray et al. 2009). As I
minimized the risks of contamination, the low levels could be due to two reasons. First, DNA
can get degraded over time and depending on the storage conditions (Miething et al. 2006;
Wandeler et al. 2007; Walker et al. 2008; Soto-Azat et al. 2009/2010). Second, if the animals
had only very light and aclinical infections, the number of zoospores is low which makes
detection difficult (Hyatt et al. 2007; Briggs et al. 2010; Murray et al. 2009).

In my survey I tested 2.5% of 788 specimens positive for Bd. This is comparable with similar
studies (Soto-Azat et al. 2010), but the real historical prevalence and distribution of the
pathogen is certainly larger due to the difficulties to detect the fungus in museum specimens.
It has to be noted that a negative result is not necessarily a proof of an uninfected specimen
(McClintock et al. 2010). Bd infection is not always detected and this is certainly true for
museum specimens.

Because Bd was detected in populations on both sides of the Alps, of all biogeographic
regions and at the deepest and highest elevations and in half of the occuring species, there
may be no environmental or taxonomic limits to the distribution of Bd in Switzerland. This
supports the prediction of the distribution model of Rddder et al. (2009) which showed that

with the exception of the highest mountains most of Switzerland is suitable for Bd.
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Several observations of Bd merit a special commentary. A green toad (Bufo viridis) collected
in 1995 in Novazzano, canton Ticino, in southern Switzerland was tested positive for Bd. This
observation is interesting for three reasons. First, the population of green toads went extinct
(Grossenbacher 2003). It is not possible to tell, however, whether Bd was causing the local
extinction. Second, at the time when the specimen was collected, local herpetologists were
worried about a viral disease in syntopic agile frogs (Rana dalmatina) that caused clearly
visible symptoms (Grossenbacher 1997). The herpetologists did not worry, however, about
Bd, another, but invisible pathogen that was present at the same time (and was not even
known to science). Third, perhaps the green toad did not get infected in Novazzano. Before it
was deposited in the museum, it was kept in captivity for several years (K. Grossenbacher,
personal communication). It may have become infected in captivity. Such individual histories
of museum specimens may affect inference from museum-based research. However, since an
Italian treefrog (Hyla intermedia) collected at the same site in 2002 was also tested positive
for Bd, it seems likely that the green toad was infected with Bd in its natural habitat.

My study also provides some indications on possible dispersal pathways for the pathogen.
One is found in the situation in Auried, Fribourg in western Switzerland. Here, Bd occurred
since 1988 in the Laughing Frog (Pelophylax ridibundus), which is a non-native, human
introduced and invasive species. The first infected native animal, a Common Tree Frog (Hyla
arborea) was found at the same location not until 17 years later. At some locations, the
pathogen may also have been directly human introduced through scientists which reveals the
importance to follow recommended hygiene standards, like disinfection of the used
equipment (Schmidt et al. 2009) while doing research in the field. The highest reproducing
population of the common toad (Bufo bufo) in Grindelwald has been studied since 20 years
and has been declining (Hemelaar et al. 1988; Grossenbacher 2002). Another reason for the
decline than Bd has not yet been found (K. Grossenbacher, personal communication). Our
findings suggest that the arrival of Bd may be responsible for the decreased growth rate as it
has been documented in other montane toad populations (Pilliod et al. in press). That there
have never been found exceptionally high numbers of dead or moribund animals and that no
remarkable declines were observed could be an indication that the pathogen may already have
become enzootic in this population. Therefore all individuals of this population will be tested
on Bd in 2010 to elucidate the role of the pathogen in this decline. The continuation of this
valuable long term population study could reveal possible impacts of Bd on survival and
mortality, on the establishment of resistance against the disease and long term persistence of

the pathogen in a population.
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We cannot give a final answer if Bd is an endemic or novel pathogen in Switzerland. There
were no positive specimens for 81 years since my earliest finding from 1901 which would not
be expected if the pathogen is endemic in Switzerland since then. Although this specimen was
retested several times and the qPCR results were constantly positive, I cannot definitively
exclude a possible contamination e.g. during the long storage period in the museum
(Wandeler et al. 2007). Therefore, the specimen from 1901 will also be examined with
histological methods at the Natural History Museum in Berne to confirm the infection status.
If sporangia of Bd can be found in the skin of this specimen, there will be no doubt anymore.
Anyhow, the earliest evidence of the pathogen in a region does not necessarily reflect the
earliest occurrence. It rather reflects the first investigation done and the actual distribution is
often underestimated (Garner et al. 2005; Lips et al. 2008).

Conservation action will differ substantially depending on how long it is present in an area
and if the pathogen is novel or endemic. If Bd is endemic, it could just be a "normal"
pathogen among others, affecting only on the individual level and not on population level
(Tobler & Schmidt 2010), and further knowledge is needed about the onset of the disease, the
variability of infection susceptibility of different species (Kielgast et al. 2009; Briggs et al.
2010; Kilpatrick et al. 2009; Queloz et al. 2010). If Bd is newly introduced, reasons for its low
actual virulence have to be found. The situation in Switzerland seems to be different than in
Spain and South America because in Switzerland no die-off's have been observed so far. The
climate may not support an endemic progression of the pathogen or the local strain may be
less virulent than others but there is the danger that with the climate change an outbreak of the
disease can still happen (Fisher et al. 2009) also in Switzerland. For example, the Midwife
Toad (Alytes obstetricians) has declined dramatically and disappeared from many locations in
Switzerland (Schmidt & Zumbach 2005), and it is still not completely clear why in
Switzerland this species seems less vulnerable to Bd (Tobler & Schmidt 2010) than the same
species in Spain (Bosch et al. 2001).

This study shows how important biological collections of museums are and how broad the
research potential in this stored information is (Green & Sherman 2001; Ouellet et al. 2005;
Wandeler et al. 2007; Soto-Azat et al. 2009/2010; Pyke & Ehrlich 2010). Museum collections
provide long term records of information and this preserved evolutionary history can help to
solve environmental questions. Temporal patterns of disease prevalence or historical species
distribution are only some examples how such research can induce and guide conservation

actions. Potential distribution for alien species before their introduction and possible resulting

impacts on indigenous biodiversity could be modeled, enhancing the value of biological

18



Master Thesis Niklaus F. Peyer 2010

collections. However, museums mainly collect specimens for taxonomic and phylogenetic
research. The utility of museum collections for ecological and environmental research could
be enhanced if museums adopted a more systematic collection strategy (Pyke & Ehrlich
2010).

The need for further investigation on the role of Bd in amphibian declines is vitally important.
Of 6683 amphibian species known to date (June 25, 2010; www.amphibiaweb.org), almost
one third are threatened or extinct and 43% show declining populations. Up to 168 species
may already have gone extinct (IUCN 2008). Many more species presumably have gone
extinct without ever having been discovered and it is speculated that we are entering the sixth
mass extinction (Vitousek et al. 1997; Daszak et al. 2000; Wake & Vredenburg 2008). Also
most of the 20 Swiss amphibian species are declining, 70% are listed on the red list and some
experienced strong declines since the 1980ties (Schmidt & Zumbach 2005). Amphibians
reflect the current trends of biodiversity on this planet and are ,,symptomatic of an
accelerating collapse of the global ecosystem" (Halliday 2008). Simon Stuart, senior director
of the IUCN/Conservation International Biodiversity Assessment Unit, depicted the current
situation of extinction threat to amphibians: “More amphibian species are declining more
rapidly, over a wider geographic scale than is the case for any other group of species. With
amphibians, the extinction crisis is no longer theoretical. It’s happening right before our
eyes.”

(http://www.iucn.org/about/work/programmes/species/news_events/?3268/Amphibian-

Global-Action-Team-needed-to-avert-an-extinction-catastrophe).
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Table 4: Percentage positive results from the pilot study (n=qPCR wells)

Ethanol stored Formalin stored
Sampling Method | Skin scrape Toe clip Skin scrape Toe clip
Simoncelli 100% (n=10) | 100% (n=8) 20% (n=10) 20% (n=10)
Boyle 100% (n=4) 100% (n=4) 0% (n=4) 0% (n=4)
Walker (not tested) (not tested) 0% (n=12) 0% (n=10)

Table 5: Museums and numbers of specimens in the collections

Museum Preservative No. of specimens used (available)
Basel (NMBS) Alcohol 390 (514)

Bern (NMBE) Alcohol (formerly Formalin) | 384 (861)

Neuenburg (NMNE) Alcohol 8 (26)

Ziirich (NMZH) Alcohol/Formalin 6 (13)
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