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Abstract

Females of Salamandra salamandra use different aquatic habitats for larval deposition, which
can be divided in stagnant and flowing waters. These different water bodies were examined at
“Maurer Wald“, ,Neuwaldegg®, ,,Lainzer Tiergarten“ and ,,Moosgraben” of the Vienna
Woods. The aim of the study was to examine and compare the size of fire salamander larvae
from these different waters (stagnant and flowing waters as well as the individual stagnant
and flowing waters) from 2020 and 2018 and to explain possible differences for the size

between the larvae.

Fire salamander larvae were caught from these aquatic habitats and photographed to compare
their length. Variable investigated was the total length (body length + tail length. Due to the
extremely fluctuating weather conditions, especially this year but also in 2018, larvae were
deposited at least until mid-June. In 2020, the newly deposited individuals of the dried up
ponds had roughly the same total length than the first deposited ones at the last possible data
collection after the ponds dried out. These fire salamander larvae which were deposited after
the ponds refilled also grew faster than the first deposited ones of the ponds as well than the
larvae of the streams. In 2018, there was no big difference between larvae from stagnant and
flowing waters, except for the two ponds “Jupiter” and “Schlammtiimpel” at “Maurer Wald”.
Individuals from these two water bodies were significant larger than those from the other
aquatic habitats. During late spring more small larvae were caught in the streams compared to

the ponds.

Fire salamander larvae from some ponds with better conditions of growth were significantly
larger than those from other water bodies. Individuals from stagnant and flowing waters did
not differ except the growth after the ponds were refilled. | sum up that the differences in total
length between the areas and different water bodies are consequences of environmental

conditions concerning temperature and food availability.

Key words: amphibians, Salamandra salamandra, fire salamander larvae, Vienna Woods,

stagnant and flowing waters, length differences



Introduction

In the course of evolution, amphibians developed their different life cycles, ranging from a
completely aquatic to a completely terrestrial life-history (Duellman & Trueb, 1986).
Amphibians that occur in the temperate zone are mostly semi-aquatic or have at least two
different phases of life, namely the larvae living in the water and the terrestrial adults
(Semlitsch, 1998).

The fire salamander (Salamandra salamandra) — unmistakable by its colour — belongs to the
order of the Urodela and is mainly distributed across Western and Central Europe and the
Balkans (Westheide & Rieger, 2010). Fire salamanders, which prefer deciduous forests
(Alcobendas et al., 1996), are terrestrial, nocturnal animals that normally hide in their shelters
under dead wood, stones or tree stumps during the day, but are often active when it rains
(Duellman & Trueb, 1986, Westheide & Rieger, 2010). If the night temperature is higher than
4° C, they also show increasing activity (Zahn, 2007). In general, the temperature has a

decisive impact on the duration of activity in amphibians (Morrison & Hero, 2003).

Amphibians such as fire salamanders strongly depend on accessible water bodies for
reproduction and terrestrial habitat, offering foraging and hiding opportunities (Wilbur, 1980,
Schmidt et al., 2005, Sparreboom, 2014). Fire salamanders have a complex life cycle with an
aquatic larval phase and adult animals living on land, where only courtship and mating takes
place. The mating period in Central Europe extends from March to September (Westheide &
Rieger, 2010). The male places his spermatophore on the ground, which the female picks it up
with her cloaca (Westheide & Rieger, 2010). The fertilization happens in the oviduct, where
the offspring develops to an advanced stage until the yolk of the egg is consumed (Kopp &
Baur, 2000). Body condition of females and environmental factors such as temperature and
food availability may play an important role for size of eggs (Alcobendas et al., 2004). The
amount of energy existing for reproduction influences the egg size as well (Morrison & Hero,
2003). Variability in egg size, clutch size and size at birth occurs within and between
populations (Rebelo & Leclair, 2003). With increasing number of fertilizations, females
reduce their total investment in eggs (Kopp & Baur, 2000). They produce smaller broods of
larger individuals (Rebelo & Leclair, 2003).

About 80 well-developed aquatic fire salamander larvae — in a size range of 27 to 35 mm
(Thiesmeier, 2004) — are then released in the following spring period from March to mid-May
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(Steinfartz et al., 2006), by the adult pregnant females. The larval deposition mostly takes
place during rainy nights (Thiesmeier 2004; Weitere et al. 2004) in different habitats, with the
main distinction being made between stagnant and flowing waters (Greven, 1976, Weitere et
al., 2004). Because fire salamanders are quite mobile (Schulte et al., 2007), females have
often the choice between these two different habitats for larval deposition. For depositing
larvae in streams females prefer quieter pond-like sections (Manenti et al., 2009b, Reinhardt,
2014) with clearly reduced flow speed instead of fast-flowing ones because they are stressed
by turbulences (Baumgartner et al., 1999). Additionally, there is a strong downstream drift
due to high flow speeds (Thiesmeier & Schuhmacher, 1990). After the ovoviviparous birth
process, the larvae stay in the aquatic habitat up to a year but normally they change to a
terrestrial environment after about four months (Kopp & Baur, 2000).

The streams and stagnant waters, which are used by the salamanders as breeding waters, can
differ greatly from one another. The standing waters in forests have higher risk of drying out,
especially at high temperatures. The ponds are created by melting ice and rain, which only
temporarily carry water. In contrast the year-round flowing waters, which are mostly shallow
streams, are not so endangered of drying out (Reinhardt et al., 2013, Caspers et al., 2015). For
example, an unpredictably short period without precipitation can lead to mass mortalities
(Weitere et al., 2004). Streams also have higher oxygen contents (Warburg, 2010, Reinhardt
et al., 2013, Reinhardt, 2014) and food availabilities than ponds (Warburg et al., 1979,
Thiesmeier & Grossenbacher, 2004). High densities of fire salamander larvae can lead to food
overexploitation and increasing competition (Reinhardt, 2014). Furthermore, larvae in
flowing waters have more opportunities to spread than those ones in standing waters — their
water availability can vary seasonally depending on climatic conditions (Caspers et al., 2015)
— which are usually associated with higher water temperatures (Kopp & Baur, 2000, Weitere
et al., 2004, Reinhardt, 2014). The temperature is very important because it influenced growth
rate and activity in all animals, especially in ectotherms (Beachy, 1995, Van der Have & De
Jong, 1996, Grant et al., 2014).

Big disruptions of the stream systems can occur when heavy rain creates strong flush floods
and catastrophic drift which increases the mortality in stream fauna (Anderson and Lehmkuhl
1963). The individual ponds but also the different streams diversify in terms of size, structure
and vegetation. Ponds and streams can have many structurally different places, so they can
vary greatly. Other factors which can influence the water bodies are exposure to the sun

(Czypionka et al., 2018) or shadiness. These factors as well as the population density
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(Reinhardt, 2014) and the occurrence of predators (Matsunami et al., 2015) affect fire

salamander larvae size and growth.

Environmental conditions constantly change, (Clobert et al., 2009, Kokko & Lopez-Sepulcre,
2006) especially the spatially and temporally ponds, (Hendrix et al., 2017) but also the more
stable streams. Therefore, the larvae constantly have to adapt well to the different conditions
(Alcobendas, 2004, Zahn, 2007, Schulte, 2008). All these factors and differences, mentioned
above between flowing and stagnant waters can have drastic consequences (e.g. mass dying or
decreased growth) especially on the larvae in ponds (Weitere et al., 2004; Reinhardt et al.,
2013). But also the flowing and stagnant waters among themselves influence the development
of the fire salamander larvae and limit the time available until metamorphosis (Warburg et al.,
1979, Vences et al., 2002, Alcobendas et al., 2004, Weitere et al., 2004).

Schulte (2008) carried out a study on fire salamander larvae in Kottenforst in Germany,
comparing the larvae from streams and ponds. He showed that individuals in ponds had a
significantly higher body mass and a longer tail length at birth than those ones of streams.
Larger larvae at birth tended to have a shorter duration of development (Alcobendas et al.,
2004). A higher body mass of new born larvae, which were deposited in ponds, is a maternal
investment to develop faster in an unpredictable habitat and saves the offspring one week of
eating (Weitere et al., 2004, Schulte, 2008). Furthermore, Schulte substantiated that longer tail
fins in ponds would be helpful for a quick escape from predators, while shorter tail fins in

streams are important so that animals are not carried away by the water flow.

The fact that the larvae at birth in standing waters are larger than those in flowing waters was
also supported by two further studies, namely Rebelo and Leclair (2003) and Weitere et al.
(2004). Rebelo and Leclair assume that the size of the larvae at birth depends on the size of
the females and is not adaptable. This means that older and larger females would also have a
larger offspring (Caspers et al., 2015). Furthermore, larvae born in ponds grow faster because

of the higher water temperature and the short duration of the pond (Kopp & Baur, 2000).

In Vienna, Mayerhofer (2013) showed that newly deposited larvae from ponds at “Maurer
Wald” were slightly larger than those ones from the two streams “Eckbach” and
“Moosgraben”. That the larvae in ponds had a longer tail length average than in streams was

of the occurrence of the larger females.



Keckeis (2013) compared the body shapes of fire salamanders from different types of water in
Vienna and showed that larvae from temporary stagnant waters were longer, had a longer tail
length and a narrower skull than those from flowing waters. A general behaviour that Crump
(1983), Reinhardt (2014), Manenti et al. (2015) and Reinhardt et al. (2015) also pointed out is
cannibalism. This behaviour may occur towards smaller species, for example if food is scarce.
Reques and Tejedo (1996) proved this by showing significantly more aggressive behaviour of
fire salamander larvae at high population densities.

In the Vienna Woods — study area in both years (2018 and 2020) — Salamandra salamandra is
a characteristic species for living in beech and oak dominated forests and depositing larvae in
stagnant or flowing waters. Zutz (2012) compared the genetic parameters of these two
populations of Salamandra salamandra in the Vienna Woods that differ in their habitat
structure and climatic conditions. She showed that although there was a rather large degree of
genetic subdivision between these two populations, the genetic diversity hardly differed
between the sites. Even though salamanders are very common throughout Europe there are

only a few investigations of biology and ecology of this species occurring in Austria.

The aim of this study was to:
- examine the size of fire salamander larvae in various waters in Vienna from the
beginning of spring until all larvae metamorphosed or the water bodies dried up
- compare the size of fire salamander larvae from stagnant and flowing waters as
well as the individual stagnant and flowing waters from 2018 and 2020
- explain possible differences for the size between the larvae of the different waters



Materials and Methods

Species

The fire salamander (Salamandra salamandra)
(Fig. 1) counts as the largest salamander species
in Europe by reaching a total length of up to 20
cm and an age of up to 20 years in central Europe
(Thiesmeier, 2004). In Europe the taxon consists
of various subspecies, but in Austria only the
nominate form S. s. salamandra occurs (Cabela et |

al.,, 2001). As already mentioned, it inhabits

broadleaf or mixed forests (beech, oak and

Figure 1: An adult fire salamander found

hornbeam trees predominant) (Burgstaller, 2019) at “Moosgraben™, one of the sampling sites.
with stagnant or flowing waters, which are

utilized for larvae deposition (Greven, 1976,

Weitere et al., 2014).

First, the fire salamander larvae are inconspicuously brown and on average 25 to 35
millimetres (Schulte, 2008). They have outer tufts of gills and from the beginning four legs.
Furthermore, the head is noticeably wider than the body. Salamander larvae count as
generalist predators because they feed everything that fits in their mouth. This includes both
invertebrates like for example chironomids, oligochaetes, plecopterans and small crustaceans
(Weitere et al., 2004) and small vertebrates. Although fire salamander larvae can coexist with
other caudate species (Thiesmeier & Dalbeck, 2011), in environments such as small streams
and underground waters they are often the top predators (Davic & Welsh, 2004) that
determine the composition of aquatic communities (Blaustein et al., 1996, Reinhardt et al.,
2013). Towards other larvae of caudate species, fire salamander larvae are more robust
because they reduce the abundance through competition for invertebrates and predation of
small newt larvae (Segev and Blaustein, 2007). Fire salamander larvae rely on visual,
chemical, electric and mechanical stimuli to detect prey (Himstedt et al., 1982). Their most
common strategy is the sit-and-wait behaviour. Fire salamander larvae often remain on the
substrate or hide under stones or vegetation and from these places they can attack organisms
moving close to them (Manenti et al., 2013). At the same time this strategy reduces the risk of
being captured by other possible predators of the larvae for example large dragonfly larvae,
fish and also birds (especially crows) but is only advantageous in the presence of detectable
and active invertebrates (Hawlena et al., 2011). For example Baumgartner et al. (1999) and

8



Banziger (2017) demonstrated that the density of fire salamander larvae was reduced by the
presence of some fish species. In contrast, active predators have a greater range of motion that
enhances the probability of detecting prey (Hodar et al., 2006, Winandy & Denoél, 2013) but
at the same time it increases the risk of being discovered by a predator. After metamorphosis,
the salamanders are completely terrestrial and as adults (usually: after 3-5 years) only visit the

water again to deposit their offspring (Thiesmeier, 2004, Burgstaller, 2019).

Study area

The study was carried out in the Vienna Woods (Austria), which is largely fully designated as
a UNESCO Biosphere Park. In this area | investigated different water bodies where a
distinction is made between stagnant and flowing waters. These also showed some varieties in
their habitat structure. The areas located in the west and northwest of Vienna are “Maurer
Wald“, ,,Neuwaldegg“ (,,Schwarzenbergpark® & ,Eckbach®), ,Lainzer Tiergarten®
(,,Auerochsengehege” & ,,Lainzer Bach®) and ,,Moosgraben* (Fig. 2). Sampling at the stream
always proceeded upstream to maintain water clarity and only took place on dry days, to

avoid discharge and water turbulence from rain.
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Figure 2: Study areas in the Vienna Woods. Sample sites are outlined in black.

During and after data sampling different variables in and around the water bodies were

recorded. These biotic and abiotic factors could influence the size and also the abundance of



fire salamander larvae. Abiotic factors included water temperature (Habor CP011A), water
bodies’ size and depth, characteristics of the water body (branches, leaves/leaf litter, stones,
etc.), turbidity and flow speed (not measured but observed). Biotic factors included food
availability (mosquitoes larvae, etc.), abundance, presence of predators (dragonfly larvae,

crows) and occurrence of adult fire salamanders.

The “Maurer Wald” (48° 8" 57" N, 16° 14’ 40" E) — 260 to 385 m above sea level — on the
south-western outskirts of Vienna is dominated by oaks, hornbeams and pines. In this area |
surveyed six different ponds, but investigated only three this year, because the other three
(“GroBer Tiimpel beim Wilden Berg”, “Saturn” and “Pappeltiimpel”) were not filled with
water. Three of these six are located near the “Wilden Berg” (48° 9" 11" N, 16° 14’ 36" E),
which is approximately 370 m high. These ponds were called: “Kleiner Tiimpel beim Wilden
Berg®, “Grofler Timpel beim Wilden Berg®“ and “Schlammtiimpel®. Two ponds are located
next to the wall of “Lainzer Tiergarten”, on which the solar system is shown to scale in the
ratio 1 to 1 billion (1 mm = 1000 km). One of these was called "Jupiter” (48 ° 9 '17''N, 16 °
14 '33' 'E) and the other one “Saturn” (48° 9' 7" N, 16° 14' 10' 'E), because on the wall
opposite these ponds the planets were depicted. The sixth pond was called "Pappeltiimpel”
(48°9'5" N, 16° 14' 38" E) because it was only about 50m from the “Pappelteich”(Fig. 3).

== »Jupiter”

FaBlberg »Schlammtimpel”

\ I \ ,GroRer Tumpel
Wilder
\ Berg

beim Wilden Berg”
,Saturn” ,Kleiner Timpel “Longe
beim Wilden Berg“

S chie statte

Gemeindewald

»Pappeltimpel”

R

Todtenwiese

Figure 3: City map of Vienna of the ponds (marked with black arrows and named) in “Maurer Wald”.

The filled ponds where data was collected this year are marked in extra bold type.
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"Jupiter” was characterized by a muddy underground, numerous larger branches and leaf
litter. This pond was at the beginning 9 x 4 m, around 20 cm deep but it dried out faster from
week to week. The temperature in this standing water varied from 4,3 to 16,2 C.

In addition to fire salamander larvae were alpine newt (Ichthyosaura alpestris), water striders
(Gerridae), mosquitoes larvae, yellow-bellied toad (Bombina variegata) and their larvae,
common frog (Rana temporaria) and agile frog (Rana dalmatina) as well as their spawn and
tadpoles. Furthermore crustaceans, plankton and terrestrial insects were found in them (Fig. 4
A + B). These animals were seen at all ponds of “Mauer Wald”.

The two ponds "Kleiner Timpel beim Wilden Berg” and “Schlammtiimpel” differed in terms
of the water composition, size, depth and temperature. “Kleiner Tiimpel beim Wilden Berg”
had much clearer water compared to "Schlammtumpel”, an area of approximately 3 x 3 m,
around 20 cm depth and the temperature varied between 1,8 (air temperature +/- 0 °C) and 7,6
°C. The underground of this pond was also completely covered by leaf litter (Fig. 4 C + D). In
contrast “Schlammtiimpel” had a very muddy ground and a total diameter of 6 m, but was not
continuously filled with water — it consisted of several puddles. The lowest point was
approximately around 10 cm and the temperature varied from 4,3 to 18,1 "'C. At the end of the
data collection several grass snakes were found. At “Jupiter” and “Schlammtiimpel” also
crows were seen. Additionally, “Schlammtiimpel” was the only pond, which was exposed
directly to sunlight (Fig. 4 E + F).

“GroBer Timpel beim Wilden Berg” was in 2018 the largest pond with a size of
approximately 30 x 4 m and 18 cm deep (Fig. 4 G). Due to the fact that “Grofler Tiimpel beim
Wilden Berg” and “Kleiner Tiimpel beim Wilden Berg” were very close to each other, they
hardly differed in terms of the water composition and the animals into them. Furthermore lots
of Cladocera were in this pond.

Just like these two, “Saturn” was very similar regarding the characteristics of the water body.
This pond was 3 x 2 m, 20 cm deep and mainly characterized by the numerous occurrences of
alpine newts.

“Pappeltiimpel” (3 x 7m, 30 cm deep) was very similar to “Saturn” only that it contained
more branches (Fig. 4 H).

On April 6™ 2020 — about four weeks after the first field trip — “Kleiner Tiimpel beim Wilden
Berg” was completely dried out. “Schlammtiimpel” showed only a very low water level (Fig.
4 F) in which the fire salamander larvae - buried in the mud — could still be found. Two weeks
later “Schlammtiimpel” was a little more filled because it had been raining a bit before. Eight

weeks after the first trip “Jupiter” (Fig. 4 A) and “Schlammtiimpel” dried out. So all ponds at
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this date were completely dried out but after some rainfalls at the beginning of June, both

ponds were filled again.

Figure 4: Ponds at ,,Maurer Wald“. A: “Jupiter” — at the beginning, B: “Jupiter” — after eight weeks,
C: “Kleiner Tiimpel beim Wilden Berg” — at the beginning, D: “Kleiner Tiimpel beim Wilden Berg” —
after four weeks (completely dried out), E: “Schlammtiimpel” — at the beginning, F: “Schlammtiimpel”
— after four weeks (nearly dried out), G: “GroBler Timpel beim Wilden Berg” (2018), H:

“Pappeltiimpel” (2018).
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At Neuwaldegg (280 m a.s.l.), which is located in the 17" district of Vienna (Hernals), |
examined both, “Schwarzenbergpark” (48° 14’ 49" N, 16° 16’ 29” E), which contained
numerous ponds and also “Eckbach” (48° 14' 47" N, 16° 16' 9" E). “Schwarzenbergpark” is a

deciduous forest dominated by beech trees, which is both a park and recreation area (Fig. 5).
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Figure 5: City map of Vienna of the ponds (marked with black arrows and named) in
“Schwarzenbergpark” at ‘“Neuwaldegg”. The ponds, which were filled in 2020, and also the

“Eckbach” where data was collected this year are marked in extra bold type.

In this area | surveyed five different ponds, but data collection was only possible at
“Stechmiickentiimpel” and “GroBer Bérlauchtiimpel” this year. In contrast to 2018, all others
expect “Stechmiickentiimpel” had dried out (“GroBer Barlauchtiimpel” (Fig. 6 E, F + G) &
“Kleiner Bérlauchtiimpel”), or no larvae were deposited in them before they also dried out
(“Bombentricher” & “Matschtiimpel” (Fig. 6 C + D)). “Stechmiickentiimpel” (48° 14' 44.9"
N, 16° 16' 30" E), which was named because of the numerous mosquitoes and larvae there,
had a diameter of 5 m and a depth of just over 50 cm at the beginning of the data collection.
After four weeks this pond was only 2 x 2 m and 10 cm deep. The temperature varied from
4,1 to 14,3 °C. It was characterized by clear water, lots of leaves and larger branches. Other
animals that were found in this pond were: dragonfly larvae, common frog (Rana temporaria)
and agile frog (Rana dalmatina) as well as their spawn and tadpoles (Fig. 6 A + B). The initial
sun exposure and subsequent, almost complete shading of the ponds differed only a little from

those in the “Maurer Wald” — with the exception of “Schlammtiimpel”.
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“Matschtiimpel” (48° 14' 45.9" N 16° 16' 18.5" E) was completely dried out after two weeks
so there were no larvae deposited. In 2018 this pond had a diameter of 5 m and was 25 cm
deep. Due to the composition, especially the mud ground, “Matschtiimpel” was very similar
to "Schlammtiimpel” at "Maurer Wald". In this pond and in all the other ponds with the
expection of “Bombentrichter” mosquitoes larvae, common frog (Rana temporaria) and agile
frog (Rana dalmatina) as well as their spawn and tadpoles were found.

“Bombentrichter (48° 14' 36.1" N 16° 16' 42.8" E) which was therefore very similar to
“Matschtiimpel” had a diameter of 4 m and was 12 cm deep (Fig. 6 H).

The two ponds (“Grofer Barlauchtiimpel” and “Kleiner Bérlauchtiimpel”) that are close
together (48° 14' 55.6" N 16° 16' 21.4 "E) were very similar and surrounded by wild garlic.
Both were 40 cm deep but “GroBer Béarlauchtiimpel” had a diameter of 6 m and “Kleiner
Barlauchtimpel” about 5 m (Fig. 6 E — G).

»Stechmiickentiimpel dried out after eight weeks (Fig. 6 B), but there were still no larvae
from the third day of exploration. Like the two ponds at “Maurer Wald”,
“Stechmiickentiimpel” and “GroBer Barlauchtiimpel” were refilled due to the rain at the

beginning of June for one data collection until they dried out again.
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Figure 6: Ponds at ,,Schwarzenbergpark®. A: “Stechmiickentimpel” — at the beginning, B:
“Stechmiickentiimpel” — after four weeks, C: “Matschtiimpel” — at the beginning, D: “Matschtiimpel”
— after two weeks (completely dried out), E: “GroBer Bérlauchtiimpel” — in 2018, F: “Grofler

Barlauchtiimpel” — in 2020 at the beginning of the data collection, G: “Grofier Barlauchtiimpel” on
June 22 (only data collection in 2020), H: “Matschtiimpel” (2018).

The data collection at “Eckbach” started in Vienna over a distance of about 300 m to the
boundary of Lower Austria. | investigated six sections in more detail, which mainly differed
in flow speed, river width and depth. This stream contained of many stones and falling leaves.
The temperature of “Eckbach” varied between 3,7 and 13,8 "C. A section of this flowing
water is encased by precipitous slopes containing holes, which adult salamanders could use as
shelter, and consists of longer riffles but less pools. In general, the flow speed was very high
in this stream. The flow conditions and the water levels of the sections changed after heavy
rains and storms. Animals in “Eckbach” were: dragonfly larvae, the spawn and tadpoles from
common frogs (Rana temporaria) and agile frogs (Rana dalmatina), a great number of

Gammaridae and a lot of other insect larvae like Plecoptera larvae (Fig. 7).




Figure 7: Different sections from “Eckbach” in terms of water compensations, flow speed and river
depth.

At “Lainzer Tiergarten” (300 m a.s.l.) — a nature reserve in the 13th district of Vienna
(Hietzing), — I examined the “Auerochsengehege” (48° 10' 56" N, 16° 14' 51" E), which
contained many ponds and also the “Lainzer Bach* (48° 9' 58" N, 16° 15' 20"E). The “Lainzer
Tiergarten” is both, a hunting enclosure and a recreation area, where rare animal species can

be found. This area is dominated by beech and oak trees (Fig. 8).
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Figure 8: City map of Vienna of the ponds (marked with black arrows and named) in
“Auerochsengehege” at “Lainzer Tiergarten”. The two ponds, where data was collected this year and

also the “Lainzer Bach” are marked in extra bold type.

In the “Auerochsengehege” 1 surveyed three different ponds but a data collection was only
possible at two of these, because “T1” was not filled this year. ”T2” had a diameter of over
8 m and a depth of just 25 cm at the beginning of the data collection. The temperature varied
from 2,8 “C (air temperature +/- 0 °C) to 16,7 "C. This pond was characterized by clear water,
lots of leaves and some branches. In addition to fire salamander larvae there were mosquito
larvae, water striders (Gerridae), Dytiscidae, common frog (Rana temporaria) and agile
frog (Rana dalmatina) as well as their spawn and tadpoles. On one day, two ducks were seen
in this standing water (Fig. 9 A + B).

The other pond at “Auerochsengehege” — which was called “T3” — was much smaller, less
deep, very muddy and had more branches in it. “T3” was very similar to “Schlammtiimpel” at
“Maurer Wald” — had also a total diameter of 6 m, but was not continuously filled with water.
The lowest point was approximately around 10 cm and the temperature varied from 2,4 to
19,8 °C. In “T3” alpine newt (Ichthyosaura alpestris), dragonfly larvae as well as the spawn
and tadpoles from common frogs (Rana temporaria) and agile frogs (Rana dalmatina) were
found. Furthermore, a small grass snake was seen one time. The initial sun exposure and
subsequent, almost complete shading of “T2” and “T3” were very similar to the other ponds
at “Maurer Wald” (Fig. 9 C + D). After four weeks “T3” was completely dried out, but due to
the rain it refilled. “T2” was filled with water, a bit longer (less from week to week), since it

changed with a few raining days at the beginning of June.
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Figure 9: Ponds in the “Auerochsengehege” at “Lainzer Tiergarten. A: “T2” — at the beginning, B:
“T2” — after eight weeks, C: “T3” — at the beginning, D: “T3” — after four weeks (completely dried
out), E + F: “T2” and “T3” refilled due to the rain.

“Lainzer Bach” rises in “Katzengraben” in the southeast of “Lainzer Tiergarten” and flows
through the “Hohenauer Teich”. I examined also six different sections over a length of about
300 m at the upper course of “Lainzer Bach”. This stream contained of a few stones, falling
leaves and a great deal of branches. In contrast to the “Eckbach”, the “Lainzer Bach” did not
flow continuously - it contained many isolated sections (pools) with only very slow or no flow
rates and are therefore very similar to stagnant waters. These habitat structures are important
prerequisites so that many fire salamander larvae were deposited and occurred in a very high
frequency. The temperature of “Lainzer Bach” varied between 3,9 and 12,9 'C. Animals in
this stream were: water striders (Gerridae), Dytiscidae, Gammaridae and a lot of other insect
larvae like Plecoptera larvae (Fig. 10).

Eight weeks after the first field trip, “Lainzer Bach” was completely dried out. At the

beginning of June one data collection was possible until this stream dried out again.
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Figure 10: Different sections at “Lainzer Bach” in terms of water compensations, flow speed and river
depth. There is generally a very slow or no stream of velocity at all six sections. A, C, D + E: slow

flow rates; B + F: very quiet sections — no flow rates (similar to ponds).

“Moosgraben” (48° 13' 25" N, 16° 15' 28" E) is a reservation of natural forest since 2005,
which means that the natural development of the ecosystem is supported, because among
other things, the removal of dead wood is not allowed. As well as “Eckbach” and “Lainzer
Bach”, I examined six different sections from 400 to 500 m upstream. The temperature varied
between 3,9 and 13,7 "C. The stream was divided into a stony gently sloping section with a
higher flow rate and also some pools with lots of leaves and branches which were therefore
very similar to ponds. As “Moosgraben” is located westwards of “Wilhelminenberg”, it rains
very often there, and leads to generally more humid and colder weather conditions. This is a
reason why adult fire salamanders were often encountered there. At “Moosgraben” I found
the same animals as at “Eckbach”, but with a greater frequency. Almost every time I was
there the same pair of ducks was also seen in this area. At the end of my data acquisition,

smaller grass snakes were spotted again and again (Fig. 11).
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Figure 11: Different sections at “Moosgraben” in terms of water compensations, flow speed and river

depth. A — C: stony, higher flow speeds, D - F: leafy, quieter sections (similar to ponds, especially F).

Table 1: Overview of the main ponds in terms of characteristics, potential prey and predators.

Water bodies‘ size and depth was from the first data collection, where the water bodies were most
filled. Additionally, in all water bodies were: crustaceans, plankton and plunged terrestrial insects
which also represent a very important prey spectrum for the larvae. Furthermore common frogs (Rana
temporaria) and agile frogs (Rana dalmatina) which were seen at all water bodies. Their tadpoles are

also counted as potential prey.
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Name of the water

o . Potential
Characteristics Potential prey
body predators
muddy underground,
“Jupiter” branches mosquitoes larvae

9 x4 m, 20 cm deep

crows, alpine newt

~>chlammtimpel*

muddy underground,

6 X 6 m (several puddles),

mosquitoes larvae

larger dragonfly

larvae, grass snakes,

10 cm deep,
) . ) Crows
influenced by insolation
“Grofder Tumpel beim clear water, leaves
) . Cladocera Crows
Wilden Berg 30 x4 m, 18 cm deep
clear water, _
~oaturn” alpine newt
3x2m, 20 cm deep
clear water, mosquitoes larvae,
~Stechmuickentimpel® leaves, branches small dragonfly larger dragonfly larvae
5x5m, 50 cm deep larvae
Clear water,
“Grolder .
. B leaves, branches, mosquitoes larvae larger dragonfly larvae
Barlauchtiimpel’
6 X 6 m, 40 cm deep
Gammaridae,
) longer riffles less pools — Plecoptera larvae,
~Eckbach _ larger dragonfly larvae
high flow speed small dragonfly
larvae
clear water,
L12" leaves, branches, mosquitoes larvae ducks
8 x 8 m, 25 cm deep
muddy underground,
T3 branches small dragonfly larger dragonfly

,Lainzer Bach”

slow or no flow rates

Plecoptera larvae

6 x 6 m (several puddles), larvae larvae, grass snakes
10 cm deep
many pools with very Gammaridae,

,Moosgraben®

stony gently sloping
section with higher flow

rate and some pools

Gammaridae,
Plecoptera larvae,
small dragonfly

larvae

larger dragonfly
larvae, ducks, grass

snakes, crows
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Data collection

Data were collected between March 4™ and August 10™ 2020. Each of the six examination
sites was visited every 10 to 14 days — usually from 10 a.m. — and the respective ponds and
streams were examined for fire salamander larvae. In total, each water body were visited 12
times. The larvae were caught using a small dip net and/or kitchen strainer either on sight in
clear water or blindly in ponds with a muddy underground (Fig. 12 A). The search was ended
at a number of 30 (if possible) caught fire salamander larvae per pond or stream. After that the
larvae were kept in a plastic box — which was filled with water from the ponds and streams —
and then placed in a photo box to document their body length (Fig. 12 B). In this photo box
which is equipped with millimetre paper and filled with water, five larvae were photographed
at once using a camera (Panasonic Lumix DMC-FT5 digital camera). After the photos were

taken, all fire salamander larvae were released at the site of capture.

Figure 12: A: kitchen strainer, dip net, B: 5 fire salamander larvae in a millimetre paper equipped

photo box.

The data collection in 2018 - which is compared to this year's - took place between March 29"
and June 14™. At that time, fire salamander larvae were searched at four different locations,
namely at: “Maurer Wald”, “Moosgraben”, “Schwarzenbergpark™ and “Eckbach”. Each of the
four examination locations were examined every two weeks (£ one day). In total, the standing
waters were visited 6- and the flowing waters 5- times. The procedure was the same as this
year.

One big difference between these two years was the weather because due to the strongly
changing weather pattern in 2020 with less precipitation in winter — at the same time quite
warm with a short period of freezing, less rain at the beginning of the spring and many rainy
days in early June, the stagnant waters dried out much faster and then refilled. In 2018 the

weather was much milder and the ponds dried up later in the year.
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Data analysis

To measure the length of the fire salamander larvae, | used the program ImageJ (version
1.52u), with which | measured the body length (from apex of snout to beginning of hind
limbs) and the tail length (from the beginning of hind limbs to the tip of the tail) of the larvae.
The sum of body length and tail length was defined as the total length (Mayerhofer, 2013).
For the measurements with ImageJ a scale of 20 mm was defined as a reference to the
millimetre paper (Fig. 13).

Imagel

Figure 13: Measuring a fire salamander larva in a plastic box (photo box) on millimetre paper using
ImageJ. Red line: reference line of 20 mm, yellow line: body length (from the apex of the snout to the
beginning of the hind limbs), blue line: tail length (from the beginning of the hind limbs to the tip of
the tail). The sum of body length and tail length was defined as the total length (Mayerhofer, 2013).

The body-, tail- and total length of each larva and also the calculated mean value of these
sizes were entered in an Excel chart, only the total length was used for evaluation and creation
of the graphics. Although a piece of the tail was missing in some larvae, it still makes more
sense to use the total length, because in many larvae the tail length was greater than the body
length and also tails are important storages for fat and perhaps offer energy during
metamorphosis (McCracken & Stebbings, 2012). The graphs were created with Microsoft

Excel.

Statistical analyses were done using IBM SPSS Statistics 27. | used Shapiro-Wilk test to test
the normal distribution and Kruskal-Wallis H-test to find out if the fire salamander larvae
between the water bodies differ in their total length. Afterwards | used Kruskal-Wallis post
hoc tests to analyse which areas differed. According to the study "Kruskal-Wallis in SPSS"
(Marshall, 2020), these pairwise comparisons are the Dunn-Bonferroni-tests. The alpha level

was set of 0.05 for all tests with Bonferroni as p-value adjustment.
23



Results

2020

In total a number of 1514 fire salamander larvae were caught, measured and analysed in the
four different study areas (“Maurer Wald” n = 453, “Lainzer Tiergarten” n = 514,
“Neuwaldegg” n = 207, “Moosgraben” n = 340). At “Lainzer Tiergarten” 375 larvae were
caught of the ponds from “Auerochsengehege” and 139 larvae of “Lainzer Bach”. At
“Neuwaldegg” 94 of the 207 fire salamander larvae were from the ponds at
“Schwarzenbergpark™ and 113 larvae from “Eckbach”.

Due to the strongly changing weather pattern this year so that all previously dried ponds were
refilled, it turned out that fire salamander larvae were deposited at least until June 16™ (Tab.
2).

Between the first and second time of visiting the ponds at the respective locations it was
freezing and a great number of larvae died. Particularly affected were “Kleiner Tiimpel beim
Wilden Berg”, “Stechmiickentiimpel” and “T3”. At the end of the data collection, some larvae

were found that were just before to metamorphose (loss of the gill tufts, yellow black color).

Table 2: Overview of the water levels of the water bodies in 2020. Each month was divided into two
*
halves (1: Day 1 — 15, 2: Day 16 — 31). . Water body filled, O Water body less full, O

Water body almost dried out (fire salamander larvae in small puddles), O .. Water body dried out.

March April

<
Q
<

Water body

June July August

2

“Stechmuckentumpel

“Gr. Barlauchtumpel”
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*
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*
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Stagnant waters

The data collection at “Schwarzenbergpark™ started on March 4™ where larvae were only
found at “Stechmiickentiimpel”. At “Maurer Wald” the first data acquisition was one week
later on March 10™ but only at “Schlammtiimpel” and “Kleiner Tiimpel beim Wilden Berg”
fire salamander larvae were caught. At “Jupiter” the first larvae were deposited two weeks
after the first field trip. The first data collection at “Lainzer Tiergarten” in the
“Auerochsengehege” was on March 13" where larvae had already been deposited in both
ponds (“T2” and “T3”). At all of these three study areas, 30 fire salamander larvae could only
be caught at “Stechmiickentiimpel”. This pond dried out very quickly so that only two data
acquisitions were possible. Since it rained at the beginning of June, “Stechmiickentiimpel”
and “GroBer Barlauchtiimpel” were refilled and so it was possible to record data from both of
these ponds on June 22" until they completely dried out again. At “Maurer Wald” all ponds
dried up at least until May 4™. "Kleiner Tiimpel beim Wilden Berg” dried out earlier, so at
this pond only one data collection was possible. Between the first and second field trip it was
freezing and all fire salamander larvae of this pond died. Maybe they could have suffocated
under the layer of ice. Due to the rain at the beginning of June, "Jupiter" and
"Schlammtiimpel” were filled again. Fire salamander larvae were found there on June 16™.
The ponds at “Lainzer Tiergarten” were also very badly affected due to the weather
conditions at the beginning of the data acquisition so that at each pond larvae were caught
only two times. The next possible data collections at “T2” were from May 20" (with the
exception of April 22" where four small larvae were deposited in a tiny puddle). “T3” were
also refilled due to the rain which enabled larvae to be caught from June 3" to July 13" until
this pond dried out again (Fig. 14).

»Schwarzenbergpark*

At “Stechmiickentiimpel” on March 4™, most of the fire salamander larvae were between 26
and 34 mm. Two weeks later — on March 17" — almost all of them were between 28 and 36
mm. At the next possible data collection on June 22" most of the larvae were also between 28
and 36 mm. On the same day — the only possible data collection at “GroBer Barlauchtiimpel”
— almost all captured fire salamander larvae had a total length between 26 and 34 mm (Fig.
14).

25



,,Maurer Wald*

At “Jupiter” on March 24", almost all captured individuals had total lengths between 30 and
36 mm. On April 6" only fourteen fire salamander larvae were caught because it was
freezing few days before, all of them were from 28 to 38 mm and the half of them had a total
length between 32 and 36 mm. Two weeks later, on April 20", new larvae were deposited and
therefore 30 individuals were caught again. Almost all of them had total lengths of 30 to 36
mm. The next possible data collection when “Jupiter” filled again was on June 16™ were more
than the half of the larvae was between 30 and 36 mm. Two of the 30 were smaller and six of
them were larger with a total length of around 40 mm. On June 29", approximately two thirds
of the captured individuals were larger than the individuals two weeks ago and had a total
length of up to 48 mm. Only three of the 30 fire salamander larvae were smaller than 32 mm.
Two weeks later, on July 13", the size distribution was roughly the same as on June 29",
except that one individual had a total length of up to 54 mm. On July 27", there were also
larger larvae in contrast to two weeks before. Most of them were between 40 and 48 mm. At
the last data acquisition, on August 10", were more than the half of the only twelve caught
fire salamander larvae between 42 and 46 mm. A few larvae were a bit larger with a total

length of up to 52 mm.

The only possible data collection at “Kleiner Tiimpel beim Wilden Berg” was on March 10"

where two thirds of the animals were between 34 and 38 mm.

At “Schlammtiimpel”, at the first data collection, on March IOth, the half of the captured
individuals had total lengths between 26 and 32 mm and the other half between 32 and 36
mm. Two weeks later, on March 24™, more than the half of the fire salamander were between
32 and 36. In addition there were a few smaller ones and a few larger ones with total lengths
of up to 42 mm. On April 6™, all larvae were between 30 and 40 mm. Two weeks later, on
April 20", two thirds of the 30 individuals had a total length of 32 to 36 mm. As well as at
“Jupiter”, the next possible data acquisition was on June 16". Almost all the fire salamander
larvae were between 30 and 36 mm. On June 29", none of the larvae was smaller than 32 mm.
The half of the 30 captured individuals was between 36 and 40 mm and the biggest had a total
length of up to 44 mm. On July 13", the size distribution was roughly the same as two weeks
ago but there were also a few smaller larvae. Two weeks later, on July 27", there were less,
smaller and larger larvae. More than the half of the 30 fire salamander larvae was between 38

and 44 mm. At the last data collection, only three individuals were found because the water
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level of “Schlammtiimpel” was very low and many larvae had already metamorphosed (Fig.
14). At the end of the data acquisition cannibalism towards the individuals were seen twice at

"Jupiter” and “Schlammtiimpel”.

,Lainzer Tiergarten‘

At the first data collection at “T2”, on March 13th, only eight fire salamander larvae were
caught. The smallest one had a total length of 20 to 22 mm and the three largest ones of 30 to
32 mm. Two weeks later, on March 25", where only ten individuals were found, all of them
were between 26 and 34 mm. Between this date and May 20™, there were only one small data
collection possible, on April 22" where four larvae could be caught. Three of the four
captured individuals had a total length between 26 and 28 mm. On May 20", almost all of the
new deposited larvae were between 26 and 34 mm. Two weeks later, on June 3, all of the 30
fire salamander larvae had total lengths between 26 and 36 mm. In contrast to May 20", there
were a few larger larvae. A bigger difference to the previous data recordings can be seen on
June 16™. On this date the smallest larvae were over 30 mm and the largest had a total length
of up to 44 mm. Two thirds of these 30 individuals were between 34 and 40 mm. The fire
salamander larvae also became larger by June 1™. Two thirds of them were larger than 40
mm. On July 13", there were also a few larger larvae than two weeks ago. Two thirds were
between 42 and 48 mm. The biggest difference to the previous data was on July 27". All
larvae had a total length of up to 38 mm and most of the 30 captured individuals were
between 46 and 56 mm. At the last data acquisition, on August 10", we had in contrast to the

data two weeks ago, more larvae that were over 48 mm.

At the first data collection at “T3”, on March 13", all fire salamander larvae were between 26
and 34 mm. At the second data recording only 14 individuals were caught, the half of them
had total lengths of 28 to 32 mm. Two of the captured larvae were smaller and the other five
larger than 32 mm with total lengths of up to 38 mm. After this data sampling, “T3”
completely dried out. Due to the rain at the beginning of June this pond was filled again so
that the next possible data collection was on June 3. On this day approximately two thirds
were between 26 and 30 mm. The others were larger with total lengths of up to 38 mm. On
June 16", now two thirds of the 30 captured individuals were between 30 and 36 mm but
there were also a few smaller and also larger ones with a total length of up to 42 mm. Two
weeks later, on June 1™, more than the half of the 30 larvae were between 38 and 42 mm. The

smallest ones had a total length over 32 mm and the biggest ones of up to 48 mm. At the last
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data acquisition before “T3” dried up again most of the captured fire salamander larvae were

between 38 and 44 mm. The largest ones had a total length of up to 48 mm (Fig. 14).
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Figure 14: Synthetic histograms of the total lengths (mm) of the fire salamander larvae which were
caught of the ponds at “Schwarzenbergbark”, “Maurer Wald” and “Lainzer Tiergarten”(n = number of

samples, number of captured fire salamander larvae).

Flowing waters

The data recordings at “Eckbach” started on March 4th, exactly the same way as at
“Schwarzenbergpark”, but the larvae were only deposited later (first data from March 31). In
general, fewer fire salamander larvae were found at “Eckbach” and due to the weather -
especially the increased rain - many were probably washed out of the stream. The last data
collection where larvae were found was on June 22". At “Moosgraben”, the first data were
from March 6™. That was also the only day on which 30 larvae were not caught. The data
collection at “Lainzer Bach” started on March 13". After April 22" this stream dried out but

due to the rain a further data acquisition was possible on June 3" until it dried out again.

“Eckbach”

On March 31", the first possible data collection, where only six fire salamander larvae were
found, all of them had a total length between 28 and 32 mm. Two weeks later, 30 larvae had
already been caught. Two thirds of the individuals were between 28 and 34 mm, but there
were also a few smaller as well as larger ones which were already around 40 mm. On April
27" almost all larvae had a total length between 28 and 38 mm, one third from 28 to 32 mm
and one third from 34 to 38 mm. On May 11", all fire salamander larvae which were caught
were between 28 and 44 mm. Two weeks later, on May 25", only 10 individuals were found.
Four of them were between 28 and 34 mm and the other six had a total length over 42 and up
to 50 mm. On June 6" only eight fire salamander larvae were caught. Six of them had a total
length between 26 and 30 mm and the other two between 50 and 52 mm. The last day where
fire salamander larvae could be found was on June 22". Three of the four captured larvae had
a total length of 36 to 40 mm and one individual of 46 to 48 mm (Fig. 15).
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“Moosgraben”

On March 6™, the only day on that 10 and not 30 fire salamanders were found, all of them
were between 28 and 36 mm. On March 19", most of the 30 captured individuals had a total
length 28 and 34 mm. There were also a few smaller and also larger ones with total lengths of
up to 38 mm. Two weeks later, on April 1™, almost the half had a total length between 32 and
34 mm. As well as on March 19" there were also a few smaller and larger ones with total
lengths of up to 38 mm. Six of the 30 individuals were between 34 and 36 mm. At the next
data collection on April 15", all fire salamander larvae were between 28 and 38 mm but two
thirds of them had a total length between 30 and 34 mm. On April 29", more than two thirds
were between 28 and 36 mm and most of them had a total length between 30 and 32 mm. The
largest one had a total length of up to 42 mm. At the next data acquisition on May 13", there
were larger larvae between 30 and 38 mm. Most of them had a total length between 34 and 38
mm. The largest one had a total length of up to 42 mm again. On May 27", more than the half
of the 30 captured individuals had a total length between 30 and 36 mm. There were also a
few smaller ones and larger ones with total lengths of up to 50 mm. Two weeks later on June
10", the larval sizes were approximately the same but there were more larger ones than two
weeks ago. One fire salamander larvae even had a total length of up to 56 mm. On June 24",
none of the larvae were smaller than 32 mm. Most of the 30 individuals were between 38 and
48 mm. Two larvae had total lengths of up to 52 mm. At the next data collection on July 8",
about two thirds were between 40 and 46 mm. There were also a few smaller ones with a total
length of 34 to 38 mm and also larger ones. The largest larvae had a total length of up to 52
mm. On July 21", most of the 30 caught fire salamander larvae had a total length between 42
and 46 mm. The largest one had a total length of up to 54 mm. At the last data sampling on
August 4™ we had a very even size distribution with a total length from 34 to 56 mm but most

of them were between 40 and 52 mm. Two larvae had a total length of up to 56 mm (Fig. 15).

“Lainzer Bach”

On March 13", most of the captured individuals had a total length between 28 and 34 mm.
Two weeks later, on March 25", two thirds of the larvae were between 30 and 34 mm. On
April 8" two thirds of the fire salamander larvae were between 32 and 36 mm. At the last
data collection, on April 22", until this stream was dried out, the half of the larvae had a total
length of 36 to 40 mm. On June 3", when some parts of “Lainzer Bach” were filled again

most of the individuals were around 30 mm (Fig. 15).
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Figure 15: Histograms of the total lengths (mm) of the fire salamander larvae caught at “Eckbach”,
“Moosgraben” and “Lainzer Bach” (n = number of samples, number of captured fire salamander

larvae).

Comparison of the individual waters and between standing and flowing waters

The total length showed a significant deviation from a normal distribution (Shapiro-Wilk test,
W = 0.948, p < 0.01). If we look at the data in the specific time periods, we can see that the
total length is also not normally distributed here.

At the first data collection at the beginning of March (March 4™ — March 13™), the largest fire
salamander larvae were at “Kleiner Tiimpel beim Wilden Berg” followed by “Moosgraben”.
This is also proven statistically because total length significantly varied between the different
water bodies (Kruskal-Wallis test, n = 143, H(6) = 49.251, p < 0.01). Individuals born at
“Kleiner Tiimpel beim Wilden Berg® (“Maurer Wald”) were significantly larger than those at
“Lainzer  Tiergarten”  (“T2”, “T3”, “Lainzer Bach”), “Schwarzenbergpark”
(“Stechmiickentiimpel) and the other filled pond at “Maurer Wald” (“Schlammtiimpel”)
(Dunn-Bonferroni test, p < 0.01). In addition larvae of “Moosgraben” had significantly a
larger total length than those of “T2” (Dunn-Bonferroni test, p = 0.026).

At the second data acquisition (March 17" — March 25™), total length also significantly varied
between the different water bodies (Kruskal-Wallis test, n = 174, H(6) = 24.468, p < 0.01).
Larvae at “Schlammtiimpel” were significantly larger than those from “T2” and “Moosgraben
(Dunn-Bonferroni test, p < 0.01.).

At the third data collection at all water bodies (March 31 — April 8", total length
significantly varied between the different water bodies (Kruskal-Wallis test, n = 97, H(4) =
14.975, p < 0.01). Individuals from “Schlammtiimpel” were significantly larger than those of
“Eckbach” (Dunn-Bonferroni test, p < 0.01).

At the fourth data acquisition (April 14™ — April 22" at the respective locations before some
waters dried up the smallest individuals were at “T2” and the largest ones at “Lainzer Bach”
where the larvae had a mean total length of 35.7 mm. Total length significantly varied
between the different water bodies (Kruskal-Wallis test, n = 152, H(5) = 40.628 , p < 0.01).
Fire salamander larvae from “T2” had a significantly lower total length than those of “Jupiter”
(Dunn-Bonferroni test, p = 0.029), “Schlammtiimpel” and “Lainzer Bach” (Dunn-Bonferroni
test, p < 0.01). In addition individuals from “Lainzer Bach” were significantly larger than
those of “Eckbach”, Moosgraben” (Dunn-Bonferroni test, p < 0.01) as well as “Jupiter”
(Dunn-Bonferroni test, p = 0.035).
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Six weeks later, by far the largest larvae were caught at “Eckbach” with an average size of
over 40 mm but a standard deviation of about 8 mm. After that, the fire salamander larvae
approximately grew equally fast and equally large at each location but fastest and largest at
"T2". Furthermore the new deposited fire salamander larvae of the dried up ponds had
roughly the same total length and grew faster than the larvae which were deposited first at the
last possible data collection before the water bodies completely dried out.

Likewise, these larvae that were deposited the second time grew a little faster than the larvae
in the streams.

At the first data collection in June (8" — 16™), total length significantly varied between the
different water bodies (Kruskal-Wallis test, n = 154, H(5) = 26.1, p < 0.01). Individuals of
“T2” had significantly a larger total length than those of “T3” and “Schlammtiimpel” (Dunn-
Bonferroni test, p < 0.01) as well as “Eckbach” (Dunn-Bonferroni test, p = 0.015).

At the next data sampling (June 22™ — July 1™, total length also significantly varied between
the different water bodies (Kruskal-Wallis test, n = 193, H(7) = 96.568, p < 0.01). Fire
salamander larvae at both ponds at “Schwarzenbergpark” were significantly smaller than any
other water bodies (Dunn-Bonferroni test, p < 0.01) with the exception of “Eckbach”.
Furthermore individuals from “Schlammtiimpel were significantly smaller than those of “T2”
(Dunn-Bonferroni test, p = 0.018) and “Moosgraben” (Dunn-Bonferroni test, p = 0.013).
At the first data collection in July (8 — 13), total length significantly varied between the
different water bodies (Kruskal-Wallis test, n = 154, df = 4, p < 0.01). Larvae from
“Schlammtiimpel” had significantly a smaller total length than those from all other water
bodies (Dunn-Bonferroni test, p < 0.01).

At second data sampling in July (21% — 27™), total length also significantly varied between the
different water bodies (Kruskal-Wallis test, n = 118, H(4) = 60.489, p < 0.01). Individuals
from “Schlammtiimpel” were significantly smaller than those of “Jupiter”, “T2” and
“Moosgraben” (Dunn-Bonferroni test, p < 0.01). Furthermore fire salamander larvae of “T2”
were significantly larger than those of “Jupiter” and “Moosgraben” (Dunn-Bonferroni test, p
<0.01).

2018

In total a number of 1344 fire salamander larvae were caught, measured and analysed in the
three spatially disconnected study areas (“Maurer Wald” n = 677, “Neuwaldegg” n = 517 and
“Moosgraben” n = 150). At “Neuwaldegg” 392 of the 517 fire salamander larvae were from
the ponds at “Schwarzenbergpark™ and 125 larvae from “Eckbach”.
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Table 3: Overview of the water levels of the water bodies in 2018. Each month was divided into two

halves (1: Day 1 — 15, 2: Day 16 — 31). . Water body filled, O Water body less full, O
Water body dried out.

April June

<
Q
<

Water body

“Stechmuckentiimpel

“Bombentrichter”

“Matschtimpel’

“Kl. Barlauchtimpel®

“Gr. Barlauchtiimpel”

“Eckbach”

“Moosgraben”

“Jupiter”

“Gr. T.b. WB”

“Schlammtimpel”

“Saturn”

000000000000 -
000000000000 ~
C00000eeec00e -
0000 ©®®®0 O000 ~
00000 e®0O 0000 -

“Pappeltimpel’

Stagnant waters

We started with the data collection at “Maurer Wald” on March 29" “Schwarzenbergpark”
was visited for the first time one week later, on April 3. At both study sites, 30 fire
salamander larvae could not always be caught at all ponds. In the course of this study, at
“Maurer Wald”, “GroBler Tiimpel beim Wilden Berg” and “Pappeltiimpel” dried up. At
“Schwarzenbergpark”, all the ponds had dried out wuntil July, “Matschtiimpel”,
“Bombentrichter” and “Kleiner Bérlauchtiimpel” even dried out in April. “Matschtiimpel” and

“Bombentrichter” refilled due to heavy rain, but later dried up again (Fig. 16).

“Maurer Wald”

On March 29", fire salamander larvae were found at "GroBer Tiimpel beim Wilden Berg”,
“Saturn" and "Pappeltiimpel”. Most of the larvae there were between 28 and 36 mm and
almost the half of the larvae from "GroRer Timpel beim Wilden Berg" were between 28 and
34 mm. Two weeks later, on April 12", fire salamander larvae were also caught at “Jupiter”

and “Schlammtiimpel”. At “Jupiter” more than the half of the captured fire salamanders was
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between 30 and 34 mm. At “Schlammtiimpel”, “Saturn” and “Pappeltiimpel” mostly of the
animals had a total length between 32 and 38 mm. The biggest individuals were caught at
“Grofler Timpel beim Wilden Berg” where more than the half had a total length of over 34
mm. On April 27", the largest larvae were at “Schlammtiimpel” where most of them had a
total length between 38 and 42 mm and some up to 46 mm. At “Jupiter” and “Pappeltiimpel”
most of the larvae were between 34 and 38 mm. At “Saturn” more than the half of the
captured fire salamander larvae had a total length between 34 and 40 mm. The smallest ones
were caught at “GrofBler Tiimpel beim Wilden Berg” where only few of them had a total length
over 34 mm. Two weeks later, on May 9™, a significantly larger number of larger individuals
than in the previous dates were found at “Schlammtiimpel”, “Jupiter” and “Saturn”. More
than the half of the captured fire salamander larvae at “Schlammtiimpel” was between 40 and
46 mm. At “Jupiter” and “Saturn” more than the half of the larvae hada total length between
36 and 40 mm and a few had total lengths of up to 50 mm. At “Pappeltiimpel” and “GroBer
Timpel beim Wilden Berg” most of the captured individuals were between 30 and 36 mm.
On May 22", almost all animals had a total length over 40 mm and more than the half of
them was between 44 and 52 mm. At “Grofer Tiimpel beim Wilden Berg” only a few of the
larvae had a total length over 40 mm. At “Saturn” two thirds of the fire salamander larvae
were over 38 mm. “Pappeltiimpel” was already dried out. Two weeks later — at the last data
collection — on June 6™, only few larvae could be found at “Schlammtiimpel”. About the half
them were between 42 and 48 mm. At “Jupiter” almost all the captured fire salamander larvae
had total lengths over 42 mm, the largest ones until 52 mm. At “Saturn” two thirds of the
individuals were between 30 and 36 mm. At this date, some larvae were caught shortly before
or even during metamorphosis (Fig. 16).

29.3 B"Gr.T.b. WB" (n = 27)

W "Saturn” (n=13)

~Jupiter / ,Schlammtimpel* u 8" Fappeltimpet” (n = 25)
29.3

- no data collection

Frequency
e

N
oONROWESNES RS

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

12.4 | "Jupiter” (n = 22) 124 | @ Gr.T.b.WB" (n=30)

2 W "saturn” (n = 30)
26 @ "schlammtimpel” 26
5; (n=30) 24 ® "Pappeltimpel” (n = 30)

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm) Total Length (mm)

37



30 30
28 28 W "Saturn” (n = 30)
26 @ "Schlammtimpel” 26
24 24 " A " in =
2 (n=30) 2 | "Pappeltimpel" (n = 30)
> 20 > 20
218 S
@ 16 < 16
g1 Z1a
o 12 9 12
L 10 & 10
3 8
6 6
4 4
2 2
0 0

274

| "Jupiter" (n = 16)

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

27.4

B"Gr. T.b. WB" (n = 30)

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

Frequency

W "Jupiter” (n=22)

@ "Schlammtimpel"
(n=30)

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

Frequency
=

9.5 |muert.b.we (n=30)

W "saturn” (n = 30)

M "Pappeltimpel" (n = 30)

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

225 B "Jupiter” (n = 30) 225 | g'GeT.b.wB" (n=30)
30 30
28 28 W "Saturn” (n = 30)
26 @ "Schlammtimpel” 26
5; (n=30) g: m "Pappeltimpel” (n = 0)
>20 >
g1 2
@ 16 @
514 1
2 12 2
o 10 e
8
6
4
2
0+ — — |
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm) Total Length (mm)
6.6 B "Jupiter” (n = 30) 6.6 B"Gr.T.b. WB" (n=0)
30 30
28 28 W "Saturn” (n = 30)
;: O "Schlammtimpel" gi
2 (n=12) 2 u "Pappeltimpel” (n = 0)
> 20 > 20
g B
1 g1
212 @12
& 10 €10
8 8
6 6
4 1
2 2
0+ = 0

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

Figure 16: Synthetic histograms of the total lengths (mm) of the fire salamander larvae caught at

“Maurer Wald” (n = number of samples, number of captured fire salamander larvae).

“Schwarzenbergpark”

On April 4™ two thirds of the captured fire salamanders at “Stechmiickentiimpel” were
between 30 and 36 mm. At “Bombentrichter” and “Kleiner Bérlauchtiimpel” most of the
individuals had a total length between 28 and 34 mm. Two weeks later, on April 17", most of
the captured larvae of all ponds had again total lengths between 28 and 34 mm.
“Bombentrichter” was already dried out. On May 2" in addition to “Bombentrichter”, also
“Kleiner Bérlauchtiimpel” and “Matschtiimpel” were dried out. At “Stechmiickentiimpel” and
“Grofler Barlauchtiimpel” most of the larvae were between 32 and 38 mm. Two weeks later,

on May 16", almost all fire salamander larvae were between 32 and 40 mm. At “Grofler
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Biérlauchtiimpel” two thirds had total lengths over 36 mm. At “Bombentrichter” and
“Matschtiimpel” new animals were deposited again. All these larvae had a total length below
36 mm. The largest ones had a total length of up to 48 mm. At the last data acquisition, on
May 29 only “Stechmiickentiimpel” and “GroBler Bérlauchtiimpel” were filled. At
“Stechmiickentiimpel” more than the half of the captured individuals had a total length over
36 mm. The largest ones had total lengths of up to 48 mm. At “Grofer Barlauchtiimpel” two
thirds of the larvae were over 36 mm and more than the half were larger than 40 mm.
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Figure 17: Synthetic histograms of the total lengths (mm) of the fire salamander larvae caught at

“Schwarzenbergpark™ (n = number of samples, number of captured fire salamander larvae).

Flowing waters

The data acquisition at “Moosgraben” started on April 10", at “Eckbach” one week later, on
April 17™. With the exception of May 29" and June 14", on each examination day 30 fire
salamander larvae caught. On May 29" and June 14" fewer larvae were found due to
thunderstorms at “Eckbach” (Fig. 18).

“Moosgraben”

On April 10" and also two weeks later on April 25", two thirds of the captured fire
salamander larvae were between 30 and 36 mm. On May 9", a few of the individuals had a
total length between 24 and 28 mm. All the others had a total length over 28 mm in which the
most of them were between 28 and 36 mm again. Two weeks later, on May 22", about the
half of the captured fire salamander larvae had again a total length between 28 and 36 mm.
But on this day larger individuals with a total length up to 52 mm were found. At the last data
collection on June 6", about the half of the individuals had a total length between 28 and 36
mm again. The other half were between 40 and 52 mm but the most of them had a total length
between 40 and 46 mm (Fig. 18).

“Eckbach”

At the first data acquisition on April 17", size distribution was roughly the same as at the first
data collection at “Moosgraben” with the only difference that there a few larger larvae. Two
weeks later, on May 2", more than the half of the captured animals were already larger than
36 mm. On May 16, more than the half were between 30 and 36 mm but there were also
larger larvae with a total length up to 50 mm. Two weeks later, on May 29", approximately
the half of the individuals was larger than 40 mm but just like as “Moosgraben” there were

also smaller fire salamander larvae with a total length below 34 mm. At the last data
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collection, on June 14", only one individual was smaller than 30 mm. The others had a total

length of over 36 mm. The largest ones had a total length up to 54 mm (Fig. 18).
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Figure 18: Histograms of the total lengths (mm) of the fire salamander larvae caught at “Moosgraben”

and “Eckbach” (n = number of samples, number of captured fire salamander larvae).
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Comparison of the individual waters and between standing and flowing waters in 2018
At the first data collection, the largest individuals were found at “Stechmiickentiimpel” but
the differences were small.

At the second data acquisition at all water bodies (between April 12 and 25), total length
significantly varied between the different water bodies (Kruskal-Wallis test, n = 322, H(10) =
25.735, p < 0.01). Larvae at “Eckbach” had significantly a smaller total length than those of
“Grofer Tiimpel beim Wilden Berg” and “Pappeltiimpel” (Dunn-Bonferroni test, p < 0.01).
At the third data collection the largest individuals were again at “Schlammtiimpel”. This is
also proven statistically because at all water bodies (between April 27 and May 9), total
length significantly varied between the different water bodies (Kruskal-Wallis test, n = 256,
H(8) = 66.194, p < 0.01). Larvae at “Grofler Tiimpel beim Wilden Berg” and “Moosgraben”
were significantly smaller than those of “Jupiter”, “Schlammtiimpel” and “Saturn” (Dunn-
Bonferroni test, p < 0.01). Furthermore individuals of these two water bodies had a smaller
total length than the larvae of “Eckbach” (“Grofer Timpel beim Wilden Berg”, Dunn-
Bonferroni test, p = 0.042; “Moosgraben”, Dunn-Bonferroni test, p = 0.025). In addition fire
salamander larvae of “Schlammtiimpel” were significantly larger than those of
“Pappeltiimpel”, “Stechmiickentiimpel”, and “GroBer Bérlauchtiimpel” (Dunn-Bonferroni
test, p < 0.01).

At the fourth data sampling (between May 9 and May 22), total length also significantly
varied between the different water bodies (Kruskal-Wallis test, n = 275, H(10) = 88.825, p <
0.01). Larvae from “Bombentrichter” were significantly smaller than those of “Jupiter”,
“Schlammtiimpel”, “Saturn”, “Grofler Bérlauchtiimpel”, “Eckbach” and “Moosgraben”
(Dunn-Bonferroni test, p < 0.01). Individuals from “Matschtiimpel”, “GroBler Tiimpel beim
Wilden Berg” and “Pappeltiimpel” had significantly a lower total length than those of
“Jupiter”, “Schlammtiimpel” and “Saturn” (Dunn-Bonferroni test, p < 0.01) as well as
“GroBBer Bérlauchtiimpel” (Dunn-Bonferroni test, p = 0.048/p = 0.026/ p = 0.027).
Furthermore fire salamander larvae of “Stechmiickentiimpel” had significantly a lower total
length than those of “Jupiter” Dunn-Bonferroni test, p = 0.017) and “Schlammtiimpel” (Dunn-
Bonferroni test, p = 0.015). So the largest individuals were at “Jupiter” and
“Schlammttimpel”.

At the fifth data collection (between May 22 and June 6), total length significantly varied
between the different water bodies (Kruskal-Wallis test, n = 275, H(7) = 75.059, p < 0.01).
Larvae of “Jupiter” and “Schlammtiimpel” were significantly larger than those of “Grofer

29 13

Timpel beim Wilden Berg”, “Stechmiickentiimpel”, “Saturn” and “Moosgraben” (Dunn-
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Bonferroni test, p < 0.01). Furthermore these two ponds had significantly a higher total length
than the individuals of “Grof3er Barlauchtiimpel” (“Jupiter”: Dunn-Bonferroni test, p = 0.026;
“Schlammtiimpel”: Dunn-Bonferroni test, p < 0.01).

At the last data acquisition (between June 6 and June 14), the largest fire salamander larvae
were at “Jupiter” and “Schlammtiimpel” again. Total length also significantly varied between
the different water bodies (Kruskal-Wallis test, n = 84, H(3) = 48.953, p < 0.01). Fire
salamander larvae from “Saturn” were significantly smaller than all other three water bodies

(“Jupiter”, “Schlammtiimpel” and “Eckbach”: Dunn-Bonferroni test, p < 0.01).

Comparison of data from 2018 and 2020

The first data collection this year was at the beginning of March. In contrast, the first of 2018
was at the end of March.

At “Schwarzenbergpark™, a data comparison is not useful at both of these ponds because there
are too few data.

At “Jupiter” and “Schlammtiimpel” at “Maurer Wald”, the first larvae in 2018 were only
deposited until April 12™. In 2020 the first fire salamander larvae were already deposited until
March 24™ at “Jupiter” and until March 10" at “Schlammtiimpel”. On the first data
acquisition, when the first individuals were deposited, there were hardly any differences in
total length between 2018 and this year. Four weeks after the first data sampling at “Jupiter”,
the larvae in 2018 grew much faster and were larger than these in 2020. But if we compare the
growth of the fire salamander larvae from 2018 with the second larvae — that individuals
which were deposited after this pond had been refilled, we see roughly the same growth in the
respective data recordings. At “Schlammtiimpel”, the growth of the first deposited fire
salamander larvae was also much lower in 2020 than in 2018. The individuals that were
newly deposited this year after the pond had dried up grew faster than the first but not as
quickly as those in 2018.

At “Eckbach” the data collection started later in both years compared to the other locations,
but in 2018 a bit later than in 2020. At the start of the data recording the fire salamander
larvae were roughly the same size in both years but in 2018 the individuals grew faster than in
2020. Overall, however, despite a much longer study period, fewer larvae were caught this
year than in 2018.

At “Moosgraben”, the data collection in 2018 started one month later than this year. There
were only very small differences in size growth in that the larvae grew slightly faster in 2018
than in 2020 (Tab. 4).
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Table 4: Mean values as well as the standard deviation of the total lengths (mm) of the fire

salamander larvae at the various locations on the respective day (marked in bold) from 2020 and from

2018.

Standing waters
"Schwarzenbergpark"
"Stechmiickentiimpel"

2020

2018

"GrolRer Barlauchtimpel”
2020

2018

"Maurer Wald"
"Jupiter"
2020

2018

"Schlammtimpel"
2020

2018

Flowing waters
"Eckbach"
2020

2018

"Moosgraben"
2020

2018

Mean
Sb

Mean
Sb

Mean
sb

Mean
SD

Mean
Sb

Mean
sSb

Mean
N

Mean
SD

Mean
N

Mean
N

Mean
N

Mean
SD

4.3 17.3

31,00 32,08
3,68 2,03
4.3 173

10.3 24.3
32,74

1,82

29.3

103 243
31,42 33,70
2,80 2,82
29.3

4.3 17.3

6.3 193

33,02 30,82
1,84 3,01

31.3

3.4
33,53
2,27

313

3.4

6.4
33,20
2,52

12.4
31,84
2,89

6.4
35,48
3,00

124
32,96
3,50

313
30,77
0,80

3.4

14
32,55
2,73

144

174
32,42
3,80

144

17.4
32,33
3,38

20.4
32,70
1,71

27.4
35,76
3,42

20.4
33,17
2,19

27.4
38,67
4,29

144
31,12
3,86

174
30,31
2,89

15.4
32,20
2,16

104
31,93
2,97

27.4

2.5
33,88
3,06

27.4

25
33,21
3,60

4.5

9.5
40,45
3,80

4.5

9.5
40,12
4,52

27.4
33,16
3,17

2.5
35,05
4,72

29.4
32,70
3,02

25.4
32,18
3,67

115

16.5
34,63
3,54

115

16.5
37,73
5,98

18.5

225
45,24
3,54

18.5

22.5
45,69
5,84

115
35,22
5,06

16.5
36,61
5,79

135
32,81
3,97

9.5
31,18
4,36

25.5

29.5
38,40
4,32

25.5

29.5
39,77
6,62

1.6

6.6
46,55
3,70

1.6

6.6
44,12
4,54

25.5
40,04
7,83

29.5
39,84
7,11

27.5
34,20
5,14

22.5
36,36
6,49

8.6

14.6

8.6

14.6

16.6
34,01
3,55

16.6
32,96
2,76

8.6
34,20
10,00

14.6
43,65
7,47

10.6
36,19
5,45

6.6
38,93
7,44

22.6
31,22
3,72

22.6
30,34
2,95

29.6
40,52
4,73

29.6
37,30
2,83

22.6
39,93
4,70

24.6
41,79
4,49

6.7

6.7

13.7
40,82
5,56

13.7
36,61
2,81

8.7
42,29
4,07

20.7

20.7

27.7
43,35
3,14

27.7
39,00
3,18

21.7
43,82
3,26

3.8

3.8

10.8
44,63
3,71

10.8
44,27
2,61

3.8

4.8
45,90
5,16
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Discussion

2020

At the start of the data collection all fire salamander larvae had a total length between 26 to 36
mm which is in line with the findings of Mayerhofer (2013) and Thiesmeier (2004). Because
some of the previously dried up ponds were filled again, it can be said that fire salamander

larvae were deposited at least by mid-June, and probably even longer until the end of June.

On one side there was no growth in size at the beginning until these ponds dried out. Due to
the low temperatures and the changing conditions, some larvae may have died, either
suffocated under the ice or due to the shock like for example those at “Kleiner Tiimpel beim
Wilden Berg”. Another reason could be that all ponds were filled with less water. So, the
individuals had less hiding options and crows were also sighted these days which could have
reduced the density. Therefore fewer fire salamander larvae were found at these ponds. For
example the animals at “Schlammtiimpel” survived partially buried in the mud. Maybe the

larger ones had died because they already needed more water and oxygen.

On the other side, the growth at , Jupiter” and ,,Schlammtiimpel” as well at “T2” and “T3”
was very interesting because the larvae which were deposited second until mid-June, after
these ponds were refilled, had approximately the same size or at "Jupiter" they were even
slightly larger than the individuals that were measured during the last data collection before
the ponds dried out. It is therefore likely that the animals continue to grow in the womb and
consumed the yolk of the egg (Kopp & Baur, 2000). Some other studies, for example from
Portugal or Israel, have even written that in unfavourable conditions the larvae can be kept in
the uterus for several months up to five years and are only deposited when the conditions are
better (Rebelo & Leclair, 2003, Warburg, 2010). If this behaviour is just as extreme or if this

data can be compared with the fire salamander species in Central Europe is debatable.

In addition, these larvae also grew much faster than the first deposited ones, especially at
“T2”. The growth could also be seen at “Schlammtiimpel”, but significantly slower than in the
other ponds. Since it was later in the year, this could of course have something to do with the
rising temperature. Reinhardt (2014) said that with the increasing temperature also the growth
rates increase. Caspers et al. (2015) pointed out that females which deposited their offspring
in ponds enabled them to deposit larger larvae towards the end of the deposition period and

that these individuals grow faster.
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Generally, the most relevant factor influencing growth increment for amphibians is next to the
temperature also food availability (Ryan 1986). So food availability plays an important role in
this study because due to the water bodies dried out, all animals died. When larvae were then
deposited again, it was observed that there were far fewer other animals, especially those used
as food by fire salamander larvae. This resulted that there is more cannibalism towards the
individuals (Keckeis, 2013, Reinhardt, 2014, Manenti et al., 2015) which were seen twice at
"Jupiter” as well as “Schlammtiimpel” and that the larvae were spending considerable time

floating close to the surface to consume terrestrial arthropods (Blaustein et al., 2013).

When comparing stagnant and flowing waters it turned out that at the beginning of the data
collections there were no big differences in total length of the individuals between these two
water bodies. The largest ones were at “Kleiner Tiimpel beim Wilden Berg” where there was
already a great abundance. It is possible that these larvae were already deposited in autumn or
that the size was related to the mass of the females because heavier mothers produced longer
and heavier offspring (Mayerhofer, 2013, Caspers et al., 2015).

At the fourth data collection at each location about mid-April the largest larvae were caught at
“Lainzer Bach”. The reason was that the ponds, in particular, had to cope with unfavourable

conditions, such as drying out or freezing.

It can definitely be confirmed that the larvae in the ponds were deposited at least by mid-June.
The last ones were deposited at "Schwarzenbergpark" in the two newly filled
"Stechmiickentiimpel™ and "GrolRer Béarlauchtimpel. Therefore, the individuals from these
two ponds were significantly smaller than those of the other water bodies at this time.

How long females deposited larvae in streams cannot be precisely said but due to the growth
of the animals, possibly not as long as in ponds. But what can be said is that various aspects of
larval deposition behaviour and maternal investment differ between females from these two
habitat types (Caspers et al., 2015, Hendrix et al., 2017). Pond-adapted females, which are
faced with more unpredictable and unstable environment, had a more pronounced bet-hedging
strategy than stream-adapted ones because they are characterised by a more frequent and
longer time period for larval deposition (Reinhardt, 2014). Caspers et al. (2015) said that the
lengthened deposition period enabled pond-adapted females to deposit larger larvae towards
the end of the deposition period. He also stated that over successive deposition events, the
body condition of larvae deposited by stream-type females decreased faster than these which

were deposited in ponds. So pond-adapted females might extend their deposition period to
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give their embryos, especially the later batches, the opportunity to grow more prior to birth
and increasing their probability of surviving to metamorphose because larger larvae could
probably compete for food more successfully and undergo metamorphosis earlier (Semlitsch
et al., 1988, Rowe & Ludwig, 1991, Krause et al., 2011) or have a lower size threshold for
metamorphosis (Czypionka et al., 2018). Alcobendas et al. (2004) also found in their study
that the size at deposition is positively correlated with survival until metamorphosis,
especially at higher water temperatures. Weitere et al. (2004) said in their study that under
natural conditions, these responses/adaptations include a greater larval mass at birth and the
ability to thrive on lower-quality food. So fire salamander larvae which were deposited and
developed in ephemeral habitats show several habitat specific adaptations — that optimize
survival and reproduction — which are absent in stream-adapted ones (Hendrix et al., 2017).
For example, when larvae occupy ephemeral aquatic habitats, life cycles have adapted to

water availability and dehydration risk (Caspers et al., 2015).

Moreover, the fire salamander larvae which were deposited at second grew a little faster than
the larvae in the streams. These results are also in line with Kopp and Baur (2000) they said
that larvae born in ponds grow faster due to the short duration of the pond (Kopp & Baur,
2000). This can be attributed to the different thermal regime between these two habitats
(Reinhardt et al., 2015) — especially at this time — because the higher temperatures in the
ponds (as was also the case in this study) impact the growth rate and activity of the larvae
(Beachy, 1995, van der Have & de Jong, 1996, Alcobendas et al., 2004, Grant et al., 2014). So
individuals from water bodies with higher temperature were larger and heavier and partially
showed morphological signs of metamorphosis — for example appearing yellow knee patches
and degeneration of gills (Czypionka et al., 2018, Sanchez et al., 2018). A more precise
comparison between standing and flowing waters is not possible because the ponds were not

completely filled through the season.

2018

At the start of the data collection in 2018 all fire salamander larvae had a total length between
26 to 36 mm which is in line with the findings of 2020, Mayerhofer (2013) and Thiesmeier
(2004). In 2018 also some ponds dried out and filled again between the beginning of May and
mid-May. So we could say that fire salamander larvae were deposited at least until mid-May.
This event based on the statement by Steinfartz et al. (2006) they said that females deposit

their larvae until mid-May.
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At “Jupiter and “Schlammtiimpel” where significantly the largest larvae with total lengths
over 46 mm were found, the water levels remained approximately constant. All the other
ponds which fell sharply in the course of spring or led to complete drying out contained
significantly fewer larger larvae than these two stagnant waters, especially from May
onwards. The reasons for the larger individuals at “Jupiter” and “Schlammtiimpel” could be
beside the constant water level also the muddy underground which leads to that the water
becoming cloudy and hinders predators (Krause et al., 2011). In general, we could say that the
larger total length of almost all captured individuals were due to the favorable growth
conditions, e.g. a large supply of food at these two ponds (Reinhardt, 2014). At “Saturn”
significantly larger larvae were also found in the course of spring compared to the other
ponds. But these individuals were significantly smaller than those of “Jupiter” and
“Schlammtiimpel”. This could be due to the clarity of the water and the significantly smaller
size of the pond, which led to a lack of hiding places and less protection from predators
especially at the end of spring. At the last data collection at “Saturn” the fire salamander
larvae were significantly smaller than in the previous weeks, which can be explained by the
fact that this pond only had a very low water level and there was no food available but a very
high population density at that time. Likewise, the larger animals could not have survived the
low water level due to the decreasing hiding options against predators (Krause et al., 2011) or
some already undergo the metamorphosis. Although “Grofer Tiimpel beim Wilden Berg” was
by far the largest pond only a few larvae were found over 38 mm. Possible reasons for this
could be that it was not very deep and housed an excessive number of fire salamander larvae.
As | mentioned before, a high population density could have led to food shortages and
cannibalism in the animals (Reques and Tejedo, 1996, Reinhardt, 2014) which impeded
growth.

The fire salamander larvae at “Jupiter” and “Schlammtiimpel” were also significantly larger
than those of the streams. This could be because larvae are still being deposited in flowing
waters until late spring. For example at “Eckbach” the depositing period started later than at
the other water bodies. In streams they would still have a good chance of survival at the end
of spring due to the many possibilities for spreading (Caspers et al., 2015). Possibly smaller
larvae may be more likely to be deposited in streams than in ponds because there they have a
greater chance of survival. Mayerhofer (2013) also showed that newly deposited fire
salamander larvae at “Maurer Wald” were slightly larger than those at “Eckbach” and

“Moosgraben”. As | mentioned before the total length at birth was related to the mass of the

48



females because heavier mothers produced longer and heavier offspring. But this could also
be a reproductive strategy of the females to protect the smaller new deposited individuals
which could have been eaten by the larger ones.

Comparison of data from 2018 and 2020

Due to the strongly changing weather pattern in 2020, the data analysis was very different to
them from 2018 because the water bodies dried out even faster this year and in the short frost
period many larvae died — maybe they suffocated under the layer of ice, for example “Kleiner
Tiimpel beim Wilden Berg”. Nevertheless it can be said that the fire salamander larvae from
2020 were deposited earlier than in 2018. A possibly reason could be that it was warmer at the
beginning of spring this year than two years ago. Furthermore, the ponds dried up faster this
year but due to rainfalls these were refilled and larvae were deposited again. Probably the
larvae had been deposited later than two years ago but no careful attention was paid in 2018.
But due to the available data and the different weather conditions it can be assumed. Cabela et
al. (2001) said in their study that in Europe larval density usually peaks at the end of
April/beginning of May, followed by a continuous decline. Due to the weather and the
constant drying up of the ponds this had been postponed this year because in early June, a
large number of larvae were deposited. The fact that the fire salamander larvae in some water
bodies grew a little bit faster in 2018 than in 2020 can also be explained by the weather,
especially by the temperature.

If we compare for example the data of 2018 and 2020 from “Eckbach” we see however,
despite a much longer study period, fewer larvae were caught in 2020. A possible reason for
this cannot be safely said because the rainfalls were not much more than in 2018. Maybe the
corona pandemic could have an impact on this because due to the restrictions there were much
more people in the forest this year than two years ago. “Eckbach” is right next to a well-
frequented footpath which could disturb the females in their rest and keep them from coming
near it (Hamer & McDonnell, 2008, Manenti et al, 2009b, Price et al., 2011). Adult fire
salamanders had never been seen along this stream in 2020. Presumably that is why they

retired to the dense and less frequented forest.

In general, it has been shown that the larvae in streams in 2018 grew faster than in 2020. At
"Moosgraben” it would be interesting to have a longer data acquisition in 2018 in order to
compare the data from this year with them to see how the growth would continue. At the

ponds it was harder to compare because they dried out very fast and were no filled at the same
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time like in 2018. The fire salamander larvae which were deposited first this year grew slower
than these two years ago but if we compare the data from 2018 with these from the larvae
2020 which were deposited after the ponds were refilled, we do not see big size differences.
So it can be assumed that the weather and therefore also the temperature play a very important
role. It is possible that the first larvae which were deposited in the ponds at the beginning of
March 2020 grew slower because they were affected by poor conditions and in the short frost
period, in addition to the numerous larvae, also other animals, which the fire salamander
larvae used as food, died.

But if we look at the data from 2018, it can also be assumed that most of the ponds at “Maurer
Wald” and “Schwarzenbergpark™ partly dried out very quickly due to the lack of
precipitation. This meant that they could not offer optimal development conditions, which
was reflected in the small size of the captured fire salamander larvae in spring. However, two
ponds at “Maurer Wald” lost significantly less water than the other ponds. In these two ponds
(“Jupiter” and “Schlammtiimpel”) the highest number of large individuals was found over the

course of spring compared to the other ponds.

If we compare the results from 2018 and 2020 with those of Keckeis (2013), who found that
fire salamander larvae from temporary stagnant waters were larger than those from flowing
waters, we could say that in 2020 only the individuals of “T2” and in 2018 only “Jupiter” and
“Schlammtiimpel” were larger than those of the streams. The total length of the larvae of the
other ponds at “Maurer Wald”, “Schwarzenbergpark” and “Lainzer Tiergarten” hardly
differed from those of the larvae from the streams. However, the fire salamander larvae of the
stagnant waters had to struggle with the loss of water and the resulting excessive population
density, which led to a lack of food and so probably severely impaired the growth of the
animals. Despite the suboptimal conditions, the individuals of the ponds were not smaller than
the ones of the streams, which may be related to the conjecture by Schulte (2008), who
claimed that larvae from ponds have longer tail fins because these are helpful for a quick
escape from predators, while shorter tail fins are advantageous in streams so that the animals
are not carried away with the water flow. But if we only compare the growth of the fire
salamander larvae in 2020, it can be said that the individuals in the ponds grew much faster
than these in the streams. As | mentioned before, this is due to the higher temperature in the
ponds.

Females also could deposit larvae in more different ponds, with each pond providing an

independent chance of larval survival (Reinhardt, 2014). Ponds exhibit a greater risk of
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oxygen depletion and dehydration, so that all the deposited larvae could die (Reinhardt et al.,
2013). Furthermore, stagnant water bodies contain less food, which increases the likelihood of
cannibalism (Reinhardt, 2014). Crump (1983) said that cannibalism is often a result of limited
alternative food resources or high conspecific density. Due to that the population density in
ponds is bigger than in streams (Reinhardt, 2014) females could delay their larval deposition
to wait until there are fewer individuals in this pond to increase their chances of survival
(Eitam et al., 2005) because later born larvae face a higher risk to be eaten by the bigger ones
(Manenti et al., 2015, Reinhardt et al., 2015). Caspers et al. (2015) pointed out that females
can control larval deposition and potentially have different options regarding when, where and
how many larvae they deposit.

But it is unknown if females decide only for a habitat type or if they also deposit larvae in
flowing and stagnant waters during one season. Hendrix et al. (2017) described in their study
that a genetic analysis of salamander larvae suggested that one population has genetically
differentiated into two subpopulations associated with the two larval habitat types inhabited
(streams vs. ponds) (Steinfartz, 2007). So that would mean that females do not switch
between streams and ponds when they deposited their offspring. It is not known whether this
will change if, for example, all the ponds in the vicinity have dried up or whether the pond-
adapted females wait until the ponds filled again. A good example is “Neuwaldegg” because
at “Schwarzenbergpark” the ponds were rarely filled in 2020 but in the nearby “Eckbach”

there were not more larvae deposited in them in contrast to 2018.

Considering the high energetic demand at a top-position within the aquatic food web, the risk
of resource overexploitation exists, especially in small habitats like ponds because they
confine the larvae on a small area and maintain high larval densities throughout the season.
Due to the low aquatic food availability after the ponds refilled and the resulting high
intraspecific competition for food, the larvae acquire alternative substitutes of their diet
(Reinhardt, 2014). I observed that aquatic prey at streams, especially at “Moosgraben”, was in
contrast to the ponds much higher during the larval growth season. Therefore fire salamander
larvae were more often seen on the surface of ponds compared to streams to prey on drowning
or ovipositing insects and their eggs (Blaustein et al., 2013, Reinhardt, 2014). In streams
where food availability is abundant, the consumption of terrestrial insects would not provide a
good alternative. Floating on the water surface is very risky for the fire salamander larvae
because it could lead to increased predation by terrestrial predators (Reinhardt, 2014) and also

to downstream drift (Thiesmeier and Schuhmacher, 1990). Moreover, terrestrial prey is only
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available when they are drifting by, but in the ponds they are on the surface for a longer time.
So, larvae probably consumed active terrestrial insects in ponds in the same way as aquatic
prey with the sit-and-wait strategy in streams (Reinhardt, 2014). Manenti et al. (2013) also
showed that salamander larvae modified their behaviour in response to environmental
conditions and that predators often show strong plasticity of optimal foraging strategies.
These two strategies are most effective under opposite environmental conditions. So active
predators being favoured over sit-and-wait predators when prey is scarce and their detection
difficult (Huey & Pianka, 1981, Manenti et al., 2013).

In general, this reproduction mode would be beneficial for larval survival because drift is used
as a strategy to overcome population density for example when larval crowds lead to local
starvation. This behaviour prevents extremely high densities and thus reduces the intraspecific
competition for food (Thiesmeier, 1992).

One general reason why larvae had not been seen on the surface is because they often remain
near rocks to hide and reduce the risk of being detected by predators (Krause et al., 2011) and
also that their activity rate increases at night. Fire salamander larvae demonstrate UVB
avoidance behaviour by preferring shady spots and seeking deeper water regions during day
(Scheessele, 2007, Schauer et al, 2012). On one hand lack of light reduces the possibility of
detecting prey but on the other hand also reduces the risk of being spotted by predators
(Manenti et al., 2013). It would be very interesting whether more larvae could be seen during
the night, like Schauer et al. (2012) found in their study or whether the size ratio to the
animals which were caught during the day varies. Other several factors which can influence
the detectability of the individuals are animal activity patterns, air and water temperature,
rainfall, unpredictable seasonal events such as dryness or floods, moon phase, as well as prey
and predator activity (Jung et al. 2004). For example, Manenti et al. (2013) found in their
study that the movements were higher in food-deprived larvae and in the presence of prey
compared to fed larvae and when the prey was absent.

So the detection probability could also affect the results. A good example is the second data
acquisition at “Moosgraben” in 2020 because more larvae with lower total lengths were
caught compared to the first ones. But on this day the sample size was much smaller and only
ten individuals were found. Maybe no or only a few fire salamander larvae were deposited
before the first data collection and the few larger ones are still from autumn. Kopp and Baur

(2000) said that larvae could stay up to one year in the aquatic habitat. The problem is that the
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data could be correlated with the detection probability because larger individuals are more
likely to be seen. In addition, due to the different habitats in a stream, the bias can drift in both
directions because smaller larvae could be caught in shallow areas and vice versa.
Furthermore there are big differences between standing and flowing waters as in streams the

probability is higher to catch not always the same individuals.

As I mentioned before, in comparison to “Moosgraben” and “Lainzer Bach” (as long as this
was not dried out), less individuals were found at “Eckbach” this year. At the first two field
trips no fire salamander larvae were found. Maybe no larvae or only a few ones were
deposited until this date. At the first possible data collection at "Eckbach" at the end of
March, the smallest larvae were caught there because they were deposited much later than the
individuals of the other water bodies. After that there were an increase in total length until the
end of May at this stream but then, fewer and fewer larvae were caught so that a comparison
would be very difficult and not really useful. The cause for this was the flow velocity because
it is known that a lower flow velocity with some riffle pool sequences positively influence
salamander larvae abundance (Thiesmeier & Schuhmacher, 1990, Tanadini et al., 2012) and
"Eckbach" had a very high flow speed this year with only less quiet places. Larvae absence or
high extinction probabilities could also be a consequence of individuals that have been
flushed away due to heavy rainfalls (Anderson & Lehmkuhl, 1963) — more likely at stronger
flowing streams — or even early emigration to the terrestrial habitat after metamorphosis
(Baumgartner et al., 1999). In particular from May 11" to May 25", much fewer larvae were

found, which is definitely due to the heavier rainfalls and storms at this time.

“Moosgraben” is a nature reserve with very good conditions because this area offers a lot of
shelter or hiding places for the adults and due to the sufficient flow rate this stream cannot dry
out. Salamandra salamandra is strongly associated with forest cover because older forests or
those with more deadwoods might be more suitable to support the occurrence (Manenti et al.,
20090, Ficetola et al., 2011). In contrast, at “Schwarzenbergpark” there are less hiding options
for the adult fire salamander and this area is much more frequented by strollers, cyclists and
especially children. This is also due to the playgrounds and chill areas along the “Eckbach”
whereby the animals could be disturbed in their rest. “Neuwaldegg” was also the only study
area where no adult fire salamanders were seen. Béanziger (2016) found that many features of
the habitat are correlated with the change in occupancy of the populations and that the local

extinction of fire salamanders is associated with the amount of deadwood. So there are also
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the terrestrial variables alongside the aquatic ones which could affect fire salamander
occupancy (Manenti et al., 2009b) and therefore the presence of the larvae. Deadwood and
woodpiles which could be a consequence of forestry could induce stress (Price et al., 2006)
but it is a very important energy source for many stream organisms that are preyed on by fire
salamander (Davic & Welsh, 2004).

In fire salamanders, predation risk is highest during the larval and early post-metamorphic
stage and almost by zero if they achieve adulthood (Thiesmeier, 2004, Reinhardt et al., 2013).
The fact that the presence of some fish species reduced the density of fire salamander larvae
can be neglected in this study because there were no fish in any of these waters. In these
fishless stream systems, they can take over the role as top predators and so it can be said that
the greatest danger comes from the conspecific. Other animals that count as predators are the
crows. Especially at the ponds that were just before drying out, crows were often spotted in
them and possibly look for aquatic prey. This supports the previously mentioned hypothesis
that predators could limit larvae occurrence. What known is that fire salamander larvae — both
as predators and prey — serve as a keystone species, which stabilises the balance of the

ecosystem community (Baumgartner et al., 1999, Davic & Welsh, 2004).

Conclusion

It cannot be confirmed that larvae at birth of the ponds were larger than those of streams.
Habitats had an important effect on the total lengths of the individuals. Differences in total
length are the results of the constantly changing environmental conditions like temperature,
food availability and various other factors.

In general, the pond habitat is characterized as a spatially and temporally highly unpredictable
or impermanent habitat that may represent sub-optimal conditions for larval growth, survival
and metamorphosis (Arntzen & Van Belkom, 2020). In contrast, streams provide in spite of
the potential larval drift which can arise by heavy rainfalls or storms, a more stable

environment for the development of larvae (Hendrix et al, 2017).

54



Acknowledgements

| would like to thank my supervisor Glnter Gollmann for his support — in the practical part in

nature, as well as in the theoretical part — and helpful comments on every step of the way.

Furthermore, 1 would like to thank my parents and my girlfriend for always supporting me
during my studies at university. My special thanks go to Sarah Kainz for helping me in

statistics.

Last but not least my special gratitude goes out to my university colleague and friend Markus
Stasek with whom | collected the data and wrote the Bachelor Thesis in 2018. So, | would
also like to thank the University of Vienna for organizing such an interesting course

“Populationsbiologie heimischer Amphibien”, that I was able to continue this study.

55



References
Alcobendas M., Dopazo H. & Alberch P. (1996). Geographic variation in allozymes of
populatios of Salamandra salamandra (Amphibia: Urodela) exhibiting distinct reproductive

modes. Journal of Evolutionary Biology 9: 83-102.

Alcobendas M., Buckley D. & Tejedo M. (2004). Variability in survival, growth and
metamorphosis in the larval fire salamander (Salamandra salamandra): effects of larval birth

size, sibship and environment. Herpetologica, 60 (2): 232-245.

Anderson N. H. & Lehmkuhl D. M. (1963). Catastrophic Drift of Insects in a Woodland
Stream. Ecological Society of America 49 (2): 198-206.

Arntzen J. W. & Van Belkom J. (2020). ‘Mainland-island” population structure of a terrestrial
salamander in a forest-bocage landscape with little evidence for in situ ecological speciation.
Scientific Reports 10: 7291. Naturalis Biodiversity Center, Leiden, The Netherlands.

Banziger S. (2016). Quantifying and explaining the decline in the occupancy of fire
salamander populations. Master’s Thesis — University of Zurich, Switzerland.

Baumgartner N., Waringer A. & Waringer J. (1999). Hydraulic microdistribution patterns of
larval fire salamanders (Salamandra salamandra salamandra) in the Weidlingbach near
Vienna, Austria. Freshwater Biology 41: 31-41.

Beachy C. K. (1995). Effects of larval growth history on metamorphosis in a stream-dwelling

salamander (Desmognathus ochrophaeus). Journal of Herpetology 29: 375-382.

Blaustein, L., Friedman, J. & Fahima, T. (1996): Larval Salamandra drive temporary pool

community dynamics: Evidence from an artificial pool experiment. Oikos 76: 392-402.
Blaustein, J., Sadeh, A. & Blaustein, L. (2013). Influence of fire salamander larvae on among-

pool distribution of mosquito egg rafts: oviposition habitat selection or egg raft predation?
Hydrobiologia 723: 157-165.

56



Burgstaller S. (2019). A recapture study on two fire salamander populations in contrasting

habitats in the Vienna woods. Master’s Thesis — University of Vienna.

Cabela A., Grillitsch H. & Tiedemann F. (2001). Atlas zur Verbreitung und Okologie der
Amphibien und Reptilien in Osterreich: Auswertung der Herpetofaunistischen Datenbank der
Herpetologischen Sammlung des Naturhistorischen Museums in  Wien. Wien:

Umweltbundesamt.

Caspers B. A,, Steinfartz S. & Krause E. T. (2015). Larval deposition behaviour and maternal
investment of females reflect differential habitat adaptation in a genetically diverging
salamander population. Behavioral Ecology and Sociobiology 69: 407-413.

Clobert J., Le Galliard J.-F., Cote J., Meylan S. & Massot M. (2009). Informed dispersal,
heterogeneity in animal dispersal syndromes and the dynamics of spatially structured
populations. Ecology Letters 12: 197-209.

Crump M. L. (1983). Opportunistic cannibalism by amphibian larvae in temporary aquatic

environments. The American. Naturalist 121: 281-2809.

Czypionka T., Daniel J. Goedbloed D. J., Steinfartz S. & Nolte A. W. (2018). Plasticity and
evolutionary divergence in gene expression associated with alternative habitat use in larvae of

the European Fire Salamander. Molecular Ecology 2018: 1-16.

Davic R. D. & Welsh H. H. (2004). On the ecological roles of salamanders. Annual Review
of Ecology, Evolution and Systematics 35: 405- 434.

Duellman W. E. & Trueb L. (1986). Biology of Amphibians. McGraw-Hill, New York.

Eitam A., Blaustein L. & Mangel M. (2005). Density and intercohort priority effects on larval

Salamandra salamandra in temporary pools. Oecologia 146: 36-42.

Ficetola G. F., Marziali L., Rossaro B., De Bernardi F. & Padoa-Schioppa E. (2011).
Landscape-stream interactions and habitat conservation for amphibians. Ecological
Applications 21: 1272-1282.

57



Grant E. H. C., Wiewel A. N. M. & Rice K. C. (2014). Stream-Water Temperature Limits
Occupancy of Salamanders in Mid-Atlantic Protected Areas. Journal of Herpetology 48: 45-
50.

Greven H. (1976). Notizen zum Geburtsvorgang beim Feuersalamander, Salamandra

salamandra (L.). Salamandra 12: 87-93.

Hamer, A. J. & McDonnell, M. J. (2008). Amphibian ecology and conservation in the
urbanising world: a review. Biological Conservation 141(10): 2432-2449.

Hawlena D., Hughes K. M. & Schmitz O. J. (2011). Trophic trait plasticity in response to

changes in resource availability and predation risk. Functional Ecology 25: 1223-1231.

Hendrix R., Schmidt B. R., Schaub M., Krause T. & Steinfartz S. (2017). Differentiation of
movement behaviour in an adaptively diverging salamander population. Molecular Ecology
2017: 1-14.

Himstedt W., Kopp J. & Schmidt W. (1982). Electroreception guides feeding behaviour in
amphibians. Naturwissenschaften 69: 552-553.

Hodar J. A., Pleguezuelos J. M., Villafranca C. & Fernandez-Cardenete J. R. (2006). Foraging
mode of the Moorish gecko Tarentola mauritanica in an arid environment: inferences from
abiotic setting, prey availability and dietary composition. Journal of Arid Environments 65:
83-93.

Huey R. B. & Pianka E. R. (1981). Ecological consequences of foraging mode. Ecology 62:
991-999.

Jung R. E., Nanjappa P. & Grant E. H. C. (2004). Stream salamander monitoring: northeast
refuges and parks. USGS Patuxent Wildlife Research Center, Maryland USA.

Keckeis S. (2013). Geometric morphometrics of body shape of Salamandra salamandra

larvae from diverse water bodies. University of Vienna, Vienna.

58



Kokko H. & Lopez-Sepulcre A. (2006). From individual dispersal to species ranges:
Perspectives for a changing world. Science 313: 789-791.

Kopp M. & Baur B. (2000). Intra- und inter-litter variation in life-history traits in a population
of fire salamanders (Salamandra salamandra terrestris). Journal of Zoology 250: 231-236.

London

Krause E. T, Steinfartz S., Caspers B.A. (2011). Poor nutritional conditions during the early
larval stage reduce risk-taking activities of fire salamander larvae (Salamandra salamandra).

Ethology 117: 416-421.

Manenti R., Denoél M., & Ficetola G. F. (2013). Foraging plasticity favours adaptation to

new habitats in fire salamanders. Animal Behaviour 86 (2): 375-382.

Manenti R., Ficetola G. F. & De Bernardi F. 2009b. Water, stream morphology and
landscape: complex habitat determinants for the fire salamander Salamandra salamandra.
Amphibia-Reptilia 30: 7-15.

Manenti R., Pennati R., & Ficetola G. F. (2015). The role of density and resource competition

in determining aggressive behavior in salamanders. Journal of Zoology 296: 270-277.

Marshall E. (2020). Kruskal-Wallis Test in SPSS (Non-parametric equivalent to ANOVA).
Stats tutor. Sheffield Hallam University. Retrieved on November 16", 2020.
https://www.sheffield.ac.uk/polopoly fs/1.885119!/file/68_KruskallWallis.pdf.

Matsunami M., Kitano J., Kishida O., Michimae H., Miura T., & Nishimura K. (2015).
Transcriptome analysis of predator- and preyinduced phenotypic plasticity in the Hokkaido

salamander (Hynobius retardatus). Molecular Ecology 24.

McCracken J. G. & Stebbenings J. L. (2012). Test of Body Condition Index with Amphibians.
Journal of Herpetology 46 (3): 346-350.

Mayerhofer M. (2013). Life-history variation in fire salamanders (Salamandra salamandra,

Linnaeus, 1758) in the Vienna Woods. Master’s Thesis — University of Vienna.

59


https://www.sciencedirect.com/science/article/abs/pii/S0003347213002479#!
https://www.sciencedirect.com/science/article/abs/pii/S0003347213002479#!
https://www.sciencedirect.com/science/article/abs/pii/S0003347213002479#!
https://www.sheffield.ac.uk/polopoly_fs/1.885119!/file/68_KruskallWallis.pdf

Morrison C. & Hero J.-M. (2003). Geographic variation in life-history characteristics of

amphibians: a review. Journal of Animal Ecology 72: 270-279.

Price, S. J., Cecala, K. K., Browne, R. A. & Dorcas, M. E. (2011). Effects of urbanization on

occupancy of stream salamanders. Biological Conservation 25(3): 547-555.

Price, S. J., Dorcas, M. E., Gallant, A. L., Klaver, R. W., & Willson, J. D. (2006). Three
decades of urbanization: Estimating the impact of land-cover change on stream salamander

populations. Biological Conservation 133(4): 436-441.

Rebelo R. & Leclair M. H. (2003). Differences in size at birth and brood size among
portuguese populations of the fire salamander, Salamandra salamandra. Herpetological
Journal 13: 179-187.

Reinhardt T. (2014). New home, new life: the effect of shifts in the habitat choice of
salamander larvae on population performance and their effect on pond invertebrate

communities. Dissertation, Technische Universitat-Dresden, Germany.
Reinhardt T., Steinfartz S., Paetzold A. & Weitere M. (2013). Linking the evolution of habitat
choice to ecosystem functioning: direct and indirect effects of pond-reproducing fire

salamanders on aquaticterrestrial subsidies. Oecologia 173: 281-291.

Reinhardt T., Steinfartz S., & Weitere M. (2015). Inter-annual weather variability can drive
the outcome of predator prey match in ponds. Amphibia-Reptilia 36(2): 97-102.

Reques R. & Tejedo M. (1996). Intraspecific aggressive behaviour in fire salamander larvae
(Salamandra salamandra): the effects of density and body size. Herpetological Journal 6: 15-

19.

Rowe L. & Ludwig D. (1991). Size and timing of metamorphosis in complex life cycles: time

constraints and variation. Ecology 72: 413-427.

Ryan, M. J. (1986). Amphibians: biology of amphibians. Science 232: 271.

60



Sanchez E., Kupfer E., Goedbloed D. J., Nolte A. W., Liddecke T., Schulz S. & Steinfartz S.
(2018). Morphological and transcriptomic analyses reveal three discrete primary stages of
postembryonic development in the common fire salamander, Salamandra salamandra.

Journal of Experimental Zoology Part B: Molecular and Developmental Evolution 330: 1-13.

Schauer J., Meikl M., Gimeno A. & Schwarzenbacher R. (2012). Larval monitoring of fire
salamanders within a Sparkling Science Project. Eco Mont-Journal on Protected Mountain
Areas Research 4: 41-44.

Scheessele, E. A. (2007). Indirect effects of Ultraviolet-B Radiation on larval amphibians as
mediated by food quality and trophic interactions. Dissertation, Oregon State University.

Oregon.

Schmidt, B. R., Feldmann, R., & Schaub, M. (2005). Demographic processes underlying
population growth and decline in Salamandra salamandra. Conservation Biology 19(4):
1149-1156.

Schulte U. (2008). Phénotypische Unterschiede bei Feuersalamanderlarven (Salamandra
salamandra terrestris) in Still- und FlieRgewassern im Kottenfrost bei Bonn. Zeitschrift fur
Feldherpetologie 15: 15-22.

Schulte U., Kusters D. & Steinfartz S. (2007). A PIT tag based analysis of annual movement
patterns of adult fire salamanders (Salamandra salamandra) in a Middle European habitat.

Amphibia-Reptilia 28: 531-536.

Segev O. & Blaustein L. (2007). Priority effects of the early breeding fire salamander on the
late breeding banded newt. Hydrobiologia 583: 275-283.

Semlitsch R. D., Scott D. E. & Pechmann J. H. K. (1988). Time and size at metamorphosis
related to adult fitness in Ambystoma talpoideum. Ecology 69: 184-192.

Sparreboom M. (2014). Salamanders of the Old World. KNNV Publishing, Zeist.

61



Steinfartz S., Stemshorn K., Kuesters D. & Tautz D. (2006). Patterns of multiple paternity
within and between annual reproduction cycles of the fire salamander (Salamandra
salamandra) under natural conditions. Journal of Zoology 268: 1-8.

Steinfartz S., Weitere M., & Tautz D. (2007). Tracing the first step to speciation: Ecological
and genetic differentiation of a salamander population in a small forest. Molecular Ecology
16: 4550-4561.

Tanadini M., Schmidt B. R., Meier P., Pellet J. & Perrin N. (2012). Maintenance of
biodiversity in vineyard-dominated landscapes: a case study on larval salamanders. Animal

Conservation 15 (2).

Thiesmeier B. (1992). Okologie des Feuersalamanders, 1st ed. Westarp. Wissenschaften,

Essen.

Thiesmeier B. (2004). Der Feuersalamander. Laurenti-Verlag, Bielefeld.

Thiesmeier B. & Dalbeck L. (2011): Feuersalamander - Salamandra salamandra. In:
Handbuch der Amphibien und Reptilien Nordrhein-Westfalens, Band 1., pp. 297-336. In:
Hachtel, A., Schlipmann, M., Weddeling, K., Thiesmeirer, B., Geiger, A., Willigalla, C.,
Eds., Laurenti Verlag, Bielefeld.

Thiesmeier B. & Grossenbacher K. (2004). Salamandra salamandra Feuersalamander. In:
Thiesmeier B., & Grossenbacher K. (Eds.), Handbuch der Reptilien und Amphibien Europas
Schwanzlurche 11B (pp. 1059-1132). Wiebelsheim: Aula Verlag.

Thiesmeier B. & Schuhmacher H. (1990). Causes of larval drift of the fire
salamander, Salamandra salamandra terrestris, and its effects on population dynamics.

Oecologia 82: 259-263.

Van der Have T. M. & De Jong G. (1996). Adult size in ectotherms: Temperature effects on
growth and differentiation. Journal of Theoretical Biology 183: 329-340.

62


https://link.springer.com/journal/442

Vences M., Puente M., Nieto S. & Vieites D. R. (2002). Phenotypic plasticity of anuran
larvae: environmental variables influence body shape and oral morphology in Rana
temporaria tadpoles. Journal of Zoology 257: 155-162. London.four spati

Warburg M. R., Degani G. & Warburg 1. (1979). Growth and population structure of
Salamandra salamandra (L.) larvae in different limnological conditions. Hydrobiologia 64:
147-155.

Warburg M. R. (2010). Studies on 74 half-sib larval cohorts born to individually identifiable
Salamandra infraimmaculata females belonging to a single population, a long-term study.
Journal of Zoology 280: 332-342.

Weitere M., Tautz D., Neumann D. & Steinfartz S. (2004). Adaptive divergence vs.
Environmental plasticity: tracing local genetic adaptation of metamorphosis traits in
salamanders. Molecular Ecology 13: 1665-1677.

Westheide W. & Rieger R. (2010). Spezielle Zoologie. Teil 2: Wirbel- oder Schédeltiere.
Spektrum Akademischer Verlag Heidelberg 2010, 2. Auflage. 349.

Wilbur H. M. (1980). Complex life cycles. Annual Review of Ecology and Systematics 11:
67-93.

Winandy L. & Denoél M. (2013). Cues from introduced fish alter shelter use and feeding
behaviour in adult Alpine newts. Ethology 119: 121-129.

Zahn A. (2007). Zum Einfluss von Wassertemperatur und Nahrungsangebot auf die
Larvalentwicklung des Feuersalamanders (Salamandra salamandra) in unterschiedlichen

Gewassern Sudostbayerns. Zeitschrift fur Feldherpetologie 14: 39-49.
Zutz C. (2012). Genetic diversity under the strain of habitat fragmentation: a population

genetic analysis of two Salamandra salamandra populations from the Vienna Woods.
University of Vienna.

63



Attachments

"Stechmiickentiimpel” 4.3 (n = 25)

0
28
26 o
x
=20
18
6
4
2
0
8
6
a4
2
[

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

.GroRRer Barlauchtimpel*
4.3
- no data collection

"Stechmiickentiimpel" 17.3 (n = 30)

6.1°

Frequenc
o

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

,Grofer Barlauchtimpel*
17.3
- no data collection

- No data collection possible between 17.3 and 22.6

"GrofRer Birlauchtimpel” 22.6 (n = 18)

il

"Stechmiickentiimpel" 22.6 (n = 21)

16 16

* *

12 12
T 10 T 10
] ]
3 8 3 8
o o
26 g
& =

4 a

2 2

0 0=

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

Figure 19: Individual histograms of the total lengths (mm) of the fire salamander larvae which were

caught at “Schwarzenbergpark” (n = number of samples, number of captured fire salamander larvae).

"Kleiner Timpel beim Wilden Berg"

10.3 (n = 30)
16 °
~Jupiter® " 76
10.3 T
> no data collection g,
4

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

Frequency
5

N OB &

"Schlammtiimpel" 10.3 (n = 20)

7.9°

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

64




"Jupiter" 24.3 (n = 30) "Schlammtiimpel" 24.3 (n = 30)
16 16
1 1
12 12
a 10 3 10
g ]
3 8 =
o o
L6 L s
I I
4 4
2 2
0+ 0+
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm) Total Length (mm)
"Jupiter" 6.4 (n = 14) "Schlammtiimpel" 6.4 (n = 19)
16 16
1 14
12 12
Z 10 g 10
2 2
g s S8
o o
¢ o6 2 6
& &
a 4
2 2
o o+ + T T T T
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm) Total Length (mm)
"Jupiter" 20.4 (n = 30) "Schlammtiimpel" 20.4 (n = 30)
16 16
14 14
12 12
g 10 g 10
g ]
e 3 e
o o
L6 26
T I
a a4
2 2
LE. 04 ———
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm) Total Length (mm)
- No data collection possible between 20.4 and 16.6
"Jupiter" 16.6 (n = 26) "Schlammtiimpel" 16.6 (n = 30)
16 16
14 14
12 12
T 10
2 2
g s g s
o o
< te
s &
a a
2 2
o o —
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm) Total Length (mm)
"Jupiter" 29.6 (n = 30) "Schlammtiimpel" 29.6 (n = 30)
16 16
14 14
12 1
T 10 g 10
] 5]
g s 3 s
o o
L6 26
I i
a 4
2 2
0 04 —
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm) Total Length (mm)

65



"Jupiter" 13.7 (n = 30)

18 20 22 24 26 28 30 32 34 36 38

Total Length (mm)

Frequency
[
e N B o ® O N B

14.1°

40 42 44 46 48 50 52 54 56 58 60

"Jupiter" 27.7 (n = 29)

:I

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

Frequency
N B oo ow B

©

"Jupiter" 10.8 (n = 12)

Frequency
N OB o &

©

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

"
=]

Frequency
o w

S

"Schlammtiimpel" 13.7 (n = 30)

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

Frequency
a o » B

o~

"Schlammtiimpel" 27.7 (n = 30)

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

-
15

Frequency
N & oo o=

o

"Schlammtiimpel" 10.8 (n=3)

18.1

M =

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

Figure 20: Individual histograms of the total lengths (mm) of the fire salamander larvae which were

caught at “Maurer Wald” (n = number of samples, number of captured fire salamander larvae).
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Figure 21: Individual histograms of the total lengths (mm) of the fire salamander larvae which were

caught at “Lainzer Tiergarten” (n = number of samples, number of captured fire salamander larvae).

~Jupiter”
29.3
- no data collection

~Schlammtimpel®
29.3
- no data collection

"Jupiter" 12.4 (n = 22)

"Schlammtimpel" 12.4 (n = 30)

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)

16 16
14 14
12 12
10 g 10
§ ]
> 8 > 8
= =3
f<a'3 26
fre e
a a
2 2
0 o ——B .
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm) Total Length (mm)
"Jupiter" 27.4 (n = 16) "Schlammtimpel" 27.4 (n = 30)
16 16
14 14
12 12
> >
§ 10 é 10
3> 8 3> 8
o o
L6 26
i &
4 4
2 2
0 o +———tt

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm)




"Jupiter" 9.5 (n = 22) "Schlammtiimpel" 22.5 (n = 30)
16 16
14 14
12 12
> >
g 10 § 10
Ss Ss
o o
Y6 £ oo
fre g
a 4
2 2
0 04 o ——
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm) Total Length (mm)
"Jupiter" 22.5 (n = 30) "Schlammtiimpel" 22.5 (n = 30)
16 16
14 14
12 12
> >
§ 10 § 10
S 8 S 8
o o
26 2 6
fre find
4 4
2 2
0 04 o ——t
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm) Total Length (mm)
"Jupiter" 6.6 (n = 30) "Schlammtimpel"” 6.6 (n = 12)
16 16
14 14
12 12
> >
§ 10 é 10
E S 8
o o
L6 26
fre [
a 4
; ; -
0 . — 0+t
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Total Length (mm) Total Length (mm)

Figure 22: Individual histograms of the total lengths (mm) of the fire salamander larvae which were

caught at “Jupiter” and “Schlammtiimpel” (“Maurer Wald”) in 2018 (n = number of samples, number

of captured fire salamander larvae).
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Figure 23: Individual histograms of the total lengths (mm) of the fire salamander larvae which were

caught at “Grofler Timpel beim Wilden Berg” (“Gr. T. b. WB”), “Saturn” and ‘“Pappeltiimpel”

(“Maurer Wald”) in 2018 (n = number of samples, number of captured fire salamander larvae).
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Figure 24: Individual histograms of the total lengths (mm) of the fire salamander larvae which were

caught at “Stechmiickentiimpel”, “Kleiner Barlauchtiimpel” (“KI. Bérlauchtiimpel” and “Grofer

Bérlauchtiimpel” (,,Gr. Barlauchtiimpel”) at “Schwarzenbergpark™ in 2018 (n = number of samples,

number of captured fire salamander larvae).
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Figure 23: Individual histograms of the total lengths (mm) of the fire salamander larvae which were
caught at “Matschtiimpel” and “Bombentrichter” at “Schwarzenbergpark” in 2018 (n = number of

samples, number of captured fire salamander larvae).
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Zusammenfassung

Die Feuersalamanderlarven werden von weiblichen Salamandra salamandra in verschiedene
aquatische Gewasser abgesetzt, wobei bei diesen hauptséchlich zwischen Still- und
Flielgewassern unterschieden wird. Die vier raumlich getrennten Gebiete des Wiener Waldes
waren der ,,Maurer Wald“, das ,,Neuwaldegg™ (,,Schwarzenbergpark* und ,,Eckbach®), der
,Lainzer Tiergarten® (,,Auerochsengehege® und ,,Lainzer Bach*) sowie der ,,Moosgraben.
Das Ziel dieser Studie war es die Grolie der Larven aus diesen verschiedenen Gewassern zu
untersuchen sowie die Daten von 2020 mit denen von 2018 zu vergleichen und mogliche

GroRenunterschiede zu erklaren.

Die Feuersalamanderlarven wurden aus den verschiedenen Timpeln sowie Bachen gefangen
und fotografiert, um danach ihre GréRe zu vergleichen. Die untersuchte Variable war die
Totallange, bestehend aus Korper- und Schwanzlédnge. Aufgrund der stark wechselnden
Wetterbedingungen vor allem dieses Jahr aber auch 2018 stellte sich heraus, dass die Larven
mindestens bis Mitte Juni abgesetzt wurden. Im heurigen Jahr hatten die neu abgesetzten
Individuen der wieder gefillten Timpel ungeféhr die gleiche Gesamtlange und wuchsen
schneller — insbesondere im Tumpel ,,T2“ — als die erstabgesetzten Larven bei den
Stillgewéssern aber auch als bei den B&chen. Im Jahr 2018 gab es keine groRen Unterschiede
zwischen Feuersalamanderlarven aus Still- und FlieRgewéassern, mit Ausnahme der beiden
Tiimpel ,,Jupiter” und ,,Schlammtiimpel” im ,Maurer Wald“. Die Individuen aus diesen
beiden Stillgewassern waren signifikant groRRer als die Larven aus den anderen aquatischen
Lebensrdumen. Im spéateren Frihling wurden auch mehr kleinere Tiere in den Bachen als in

den TUmpeln gefangen.

Allgemein waren die Feuersalamanderlarven aus einigen Tudmpeln mit besseren
Wachstumsbedingungen signifikant groRer als aus anderen Gewéssern. Es wurden keine
grofRen Unterschiede zwischen den Individuen aus Still- und FlieRgewasser festgestellt, mit
Ausnahme des GroRenwachstums der Larven von den wiedergefillten Tumpeln. Ich gehe
davon aus, dass die Unterschiede in der Gesamtldnge zwischen den Standorten und den
verschiedenen Gewéssern auf die Umweltbedingungen zuriickzufiihren sind vor allem in

Hinsicht auf Temperatur sowie Futterverfuigbarkeit.

73



