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Abstract 

During the ongoing global amphibian extinction crisis even widely distributed species like the fire 

salamander may rapidly decline due to various threats. While this deterioration of the conservation 

status is expected to proceed in the future and even increase due to the intensifying impacts of climate 

change, monitoring and understanding natural developments in healthy fire salamander populations 

becomes urgent. During this study, a population of fire salamanders at Wilhelminenberg, located in 

Vienna, was monitored to assess the body condition and spatial distribution of adult individuals 

throughout one year. Between November 2023 and October 2024, out of 378 total captures 284 

different individuals were identified. The fluctuation of the body condition throughout the year 

showed a distinct pattern for the sexes. The body condition of adult males was highest during summer, 

most likely caused by the favorable food availability during the previous months. Increased mating 

efforts in fall might explain the decrease in body condition during fall reaching its lowest point in 

winter. For females, the body condition increased throughout the pregnancy in winter and decreased 

in spring after the larvae were deposited. The distance of individuals to the breeding stream 

throughout the year showed the trend of a sex-independent fluctuation. The tendency of higher fire 

salamander activity closer to the stream during the breeding season might be due to females 

depositing larvae and males increasing their chance of mating. 

 

Introduction  
 

Compared to the average over the past ten million years, the global rate of species extinction has 

accelerated by at least tens to hundreds of times (IPBES, 2019). Overall estimates across a wide range 

of species groups conclude that a proportion of around 25% of species is threatened by extinction 

according to IUCN Red List criteria (IPBES, 2019). In vertebrates, at least 680 species have been driven 

to extinction since 1500 (IPBES, 2019). Among vertebrates worldwide, amphibians have been identified 

as the most threatened class, with over 40% of species at risk of becoming extinct (Luedtke et al., 2023; 

IUCN SSC, 2024). This development can be caused by the sensitivity of amphibians to disturbances 

within ecosystems, as they function as excellent indicators of the quality of their environment (Vié et 

al., 2009). Amphibians are affected by changes in their terrestrial and aquatic environment, such as 

habitat loss or degradation and pollution (Luedtke et al., 2023; Womack et al., 2022; Egea-Serrano et 

al., 2012), as they often depend on both habitats during their life cycle (IUCN SSC, 2024). According to 

the Red List Index, amphibians are among the three most rapidly declining taxonomic groups 

(Secretariat of the Convention on Biological Diversity, 2020) with habitat loss and degradation, climate 

change effects, and diseases being the main threats (Luedtke et al., 2023). The primary threat for 

amphibians is increasingly shifting from diseases toward the impact of climate change (Luedtke et al., 

2023). As strong responses to climate change are likely among amphibians (Buckley et al., 2012), their 

capability to adapt their behavior and phenotype to changing phenological conditions needs further 

assessment (Radchuk et al., 2019). Adaptations, such as shifts in body size (for example: Caruso et al., 

2014; Bucciarelli et al., 2020; Hernández-Pacheco et al., 2021) have already been observed in different 

amphibian species. Smaller body size and lower body condition can affect fitness due to decreased 

population growth rates, viability, and fecundity, especially in females (Hernández-Pacheco et al., 

2021; Reading, 2007). Among amphibians, Caudata (salamanders and newts) are most threatened as 

their extinction risk was constantly higher than those of Anura (frogs and toads) (Luedtke et al., 2023).

  

The deterioration in status can also be observed in widespread species such as the fire salamander 

(Salamandra salamandra). Between the previous IUCN Red List assessment from 2022 (IUCN SSC, 
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2022) and the latest assessment published in 2023 (IUCN SSC, 2023), the classification of this 

salamander species changed from ‘Least Concern’ to ‘Vulnerable’. This evaluation reflects the 
continuous decrease in numbers of this widely distributed species and integrates the intensity of future 

threats. In the latest assessment, the updated classification is reasoned by the projected population 

decline which was estimated to be higher than 30% within the next 21 to 45 years. Threats such as 

habitat loss (IUCN SSC, 2023), habitat fragmentation (IUCN SSC, 2023), pollution of breeding sites by 

agrochemicals (IUCN SSC, 2023), and infectious diseases, such as chytridiomycosis (Bosch and 

Martínez-Solano, 2006; Spitzen-van der Sluijs et al., 2016; Lötters et al., 2020) were identified to cause 

this decline in abundance. Especially the spread of the chytridiomycosis pathogen Batrachochytrium 

salamandrivorans led to the collapse of fire salamander populations in Europe (Spitzen-van der Sluijs 

et al., 2016; Lötters et al., 2020).  

Based on these concerning developments and increasing threats, an effective long-term monitoring of 

the health status in fire salamanders is necessary. Body condition, commonly defined as the 

accumulation of energy reserves in the body (for example: Labocha et al., 2014; Peig and Green, 2009), 

is assumed to indicate the health of individuals (Peig and Green, 2009). Gaining a deeper 

understanding of the dynamics of body condition and its monitoring are essential tools for establishing 

baseline knowledge and detecting changes within populations at an early stage. Indices like the Scaled 

Mass Index (SMI) by Peig and Green (2009), using a combination of body weight and body length for 

its calculation, are important indicators of physical condition (Stevenson and Woods, 2006; Peig and 

Green, 2009). Therefore, the SMI can be used to assess the body condition within a population, as well 

as the seasonal change in body condition (Najbar et al., 2019).   

General concerns about the informative value of body condition indices were discussed (Wilder et al., 

2016). In the case of amphibians, including salamanders, the reliability of the SMI as a measure of 

energy storage as well as a predictor of fat, protein, or lean mass content, was assessed in a controlled 

feeding experiment by MacCracken and Stebbings (2012). Further, the SMI was already used in 

different studies as an indicator of body condition in salamanders (for example: Rosa et al., 2021; 

Bodinof Jachowski et al., 2024), including fire salamanders (Mayerhofer, 2013; Najbar et al., 2019). In 

contrast to indices calculated with the residuals of ordinary least square (OLS) regression of the body 

weight on body length, the SMI allows the comparison populations if the same reference values (L0 

and B) are used (Peig and Green, 2009).    

Body fat is important during the hibernation process, within which energy is used to survive 

unfavorable conditions (Roots, 2006; Reading, 2007).  As a result of climate change, milder winters are 

expected in Europe (Ranasinghe, 2021), causing an increased metabolic rate in amphibians during 

winter and resulting in poor body condition (Reading, 2007). Fire salamanders are internally fertilizing 

salamanders with embryos developing in the female's uterus until a varying number of developed 

larvae are deposited in the breeding waters (Greven and Guex, 1994). An increased SMI in females can 

therefore indicate higher fitness if the increase in body weight is caused by the larvae they carry.  

A study on the body condition of adult female fire salamanders contrasted three populations in the 

Vienna Woods and found differences in the average body length as well as varying body condition 

indices (SMI) (Mayerhofer, 2013). In Poland, a study focused on the seasonal change in body condition 

of adult male fire salamanders found a fluctuating pattern of the SMI (Najbar et al., 2019). The highest 

SMI was reached in early summer, whereas it was lowest during winter.    

The quality of the habitat influences the development of fire salamanders (Sinsch, 2024). Therefore, a 

deeper understanding of the habitat use and requirements of fire salamanders is necessary to 

designing effective conservation measures. Monitoring the movement behavior of individuals across 

different life stages and throughout the year provides important insights about essential habitat 

requirements and their association to specific phases of life. This knowledge is particularly crucial in 
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the context of intensifying climate change and ongoing habitat degradation, as it establishes baseline 

knowledge necessary for tracking future changes. Fire salamanders are biphasic, depending on both 

aquatic and terrestrial habitat during their life cycle (Oswald et al., 2022). Aquatic breeding sites are 

essential for reproduction as females deposit their larvae in streams or ponds (Steinfartz et al., 2007).  

A study from Italy discovered male fire salamanders also chose microhabitats closer to the breeding 

site during breeding, suggesting that this behavior was caused by males actively looking for females to 

mate with (Manenti et al., 2017). In the Vienna Woods, research on the demography and spatial 

movement patterns of fire salamanders was conducted using a capture-recapture approach 

(Burgstaller et al., 2021). Burgstaller et al. (2021) found that recapture rates within years were lower 

than recapture rates between years, which may indicate seasonal movements.  

Our study examined, whether seasonal variation in body condition and distance to the breeding stream 

differ between the sexes in adult fire salamanders. In addition, we investigated whether there are 

differences in the distance to the breeding stream depending on sex, season, or body condition. 

We expected the development of the SMI through the season for mature male individuals to be similar 

to the findings of Najbar et al. (2019). For females, we predicted a differing pattern due to the gain in 

body mass during the winter. In line with the results of Manenti et al. (2017), we expected an increased 

sex-independent activity closer to the stream during breeding. 

Standardized sampled long-term data are essential for evidence-based assessments on the extent of 

declining trends (Seyring et al., 2024) and comparisons of study results between areas (IUCN SSC, 

2024). A standardized methodology allows a better evaluation of the impact of conservation actions. 

Therefore, this study is an approach to standardize the monitoring of adult fire salamanders and 

establish a procedure that enables long-term monitoring and comparison between different 

populations.  

 

Methods 

Study species 

The fire salamander (Salamandra salamandra) is the largest Salamandridae in Europe, where it is 

widely distributed. This species inhabits moist mixed deciduous forests, most of which are dominated 

by Eurasian beech (Fagus sylvatica) (Alcobendas et al., 1996; Meikl et al., 2010). Mosses, as well as leaf 

litter, are used for foraging small invertebrates and are therefore essential habitat structures (Bogaerts 

et al., 2021). Frost-proof shelters, such as micromammal caves, hiding places in rotting deadwood and 

under stones, are necessary for surviving dry periods and overwintering if temperatures fall below 

activity levels. Anthropogenic structures such as basements and bunkers can also be used throughout 

the year to withstand unpreferred weather conditions or for breeding purposes (Bogaerts et al., 2021). 

Fire salamanders are larviparous, the fertilized eggs develop in the uterus of the female. In early spring, 

usually between March and May, pregnant females deposit their larvae mainly in clean, fish-free 

streams but also in shallow ponds (Steinfartz et al., 2007). Commonly, fire salamanders are described 

as nocturnal, but diurnal activity can be observed as well. The activity is influenced by different 

weather conditions like air temperature, precipitation and air humidity (Bogaerts et al., 2021).  
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Study site 

 
The project area of this study was the “Wilhelminenberg”, a region in the north-western part of Vienna 

(WGS84, 48.221°N, 16.280°E, 361 m a.s.l). It is located central-east within the geographic range of the 

fire salamander (Salamandra salamandra) in Europe but close to the distribution gap of the Viennese 

basin. The study site itself is located close to an urban settlement.   

The forest is dominated by beech trees (Fagus sylvatica) in different age classes but an undergrowth 

of young beech trees is missing. The northwestern part of the area also includes ashes (Fraxinus 
excelsior) close to the stream while the eastern part consists of more oaks (Quercus robur), European 

red pines (Pinus sylvestris), and birch trees (Betula pendula) closer to the stream. The whole area 

provides a high amount of deadwood in different states of decomposition. Due to the absence of forest 

management practices, such as the removal of dead trees, a constant accumulation of dead wood is 

ensured. A breeding stream (Anderbach) crosses the area in the northern part of the study site (Figure 

1). Due to the restricted access to the property of the Research Institute of Wildlife Ecology (FIWI) only 

little anthropogenic disturbance influences the fire salamander population within the project area. 
 

Data collection along transects 

The data sampling was conducted from November 2023 to October 2024. During this period the whole 

seasonal cycle was covered. Evenly distributed throughout the study site, four representative plots 

were established at a distance of about 180 m to each other (Figure 1). For orientation, the transects 

were marked with barrier tape around trees. The data collection was conducted by monitoring along 

the adjacent pair of line transects within each plot. Two line transects, belonging to an adjacent pair, 

were 10 meters apart from each other and 5 meters away from the border of the plot. While 

monitoring only individuals within the plots were documented as found on the transect. The length of 

the plots ranged from 160 m to 180 m, while the width was always 20 m, resulting in an area of 

approximately 3.600 m2 which was covered in total. The sampling order of the plots and transects, as 

well as the direction of sampling (uphill vs. downhill), was chosen randomly for each sampling occasion.

 

Figure 1: Location of the plots within the study area.  

Background image: Geoland Basemap Orthofoto (URL: https://www.basemap.at/wmts/1.0.0/WMTSCapabilities.xml) 
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Data collection took place at varying times of the day and night during suitable weather conditions. 

Those include air temperatures above 3 °C and air humidity above 70 % at least part of the sampling 

occasion (Bogaerts et al., 2021). Weather data were obtained hourly from the ZAMG (Geosphere 

Austria) from the weather station “Jubiläumswarte”, which is located about 1 kilometer west of the 

study area. For each fire salamander found, the local surface temperature of the microhabitat was 

measured using a Bosch UniversalTemp infrared thermometer.  

During the fieldwork checking potential shelters, such as micromammal caves, underneath leaf litter, 

under logs, and stones, was avoided to minimize the disturbance on the individuals because stress 

could influence the body condition. Only presence data were collected by documenting the GPS 

location of the fire salamanders found, using an Etrex 30 GPS tracker (accuracy 2 - 4 m).   

When a fire salamander was found a strict hygiene protocol was followed. Each individual was only 

touched wearing nitrile gloves and the handling was kept to a minimum.   

The body mass was determined by weighing the fire salamanders in a plastic container on a digital 

pocket scale (precision 0.01g). It was essential to place the scale on a flat and solid underground to 

guarantee the correct functioning of the scale in the field. The empty container was weighed by 

themselves first to set the scale to zero if the weight of 107 g was displayed correctly. In case the scale 

did not work properly, it was placed on a flatter and more solid underground.   

The unique dorsal pattern was photographed using a waterproof Nikon COOLPIX camera and used for 

further individual identification. For later measurement of the body length, the bottom of the plastic 

container was covered with laminated scaled paper as a reference beforehand.  

The sex of all individuals was determined by the shape of the cloaca (Feldmann and Klewen, 1981). As 

described, reliable sexing is only possible for individuals with a total body length of at least 14 cm 

(Bogaerts et al., 2021), therefore individuals with a shorter total body length were classified as 

“juveniles”. If uncertain, the sex of the individual was classified as “N.A.”.          

Right after the procedure was finished, individuals were then released at the location where they were 

captured. The handling of the fire salamanders took a maximum of two minutes per individual. All 

materials touched by the fire salamander were disinfected and the nitrile gloves were changed. 

Identification and body length determination 
 

Using the unique dorsal color pattern of adult fire salamanders (Bogaerts et al., 2021), individuals were 

identified and visually compared to all the photos previously taken. Visual comparison was conducted 

manually.   

The linear body measurement was digitally determined from the dorsal photos taken on scaled paper. 

Two versions of linear measures of size were measured. The body length (bl) was defined as the length 

from the tip of the snout to the tapering of the tail (Figure 2). The total body length (tbl) was measured 

from the tip of the snout to the end of the tail. In some cases, it was not possible to measure the total 

body length because part of the tail was not visible or bent upwards. For the measurement, the 

program ImageJ and the “Segmented Line” tool (Figure 2) were used (Margenau et al., 2018). In 

preparation, five 1 cm reference lines on the scaled paper were measured in pixels. It was ensured that 

those reference lines were clearly visible, isometric and close to the individual. From those samples, 

the average amount of pixels was estimated and set as scale. The final measurement was taken along 

the spine. The whole procedure was repeated for each photo analyzed.  
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Body condition (SMI) 

 
The Scaled Mass Index (SMI) by Peig and Green (2009) is calculated by using the body mass (Mi) and 

the linear body measurement (Li) for a certain individual (i). The body length Li is standardized to a 

reference value (L0), such as the mean body length. The scaling exponent (B) equals the slope of the 

linear regression of the log-transformed Mi on the log-transformed Li.  

 SMIi = Mi(L0/Li)B 

For the calculation only the first capture of each individual was used to avoid a biased impact of 

repeatedly captured individuals. Further, only individuals found on the transects were considered in 

the analysis.  

In this study, L0, the arithmetic mean of the body length (bl) equaled 105.84 mm while the scaling 

exponent B equaled 2.81. To avoid sex-related bias in comparisons, L0 and B were calculated using a 

sub-dataset consisting of all females found (n = 131) and 131 randomly chosen males as well as all 29 

juveniles.  
 

Data preparation for spatial analysis 

For the distance analysis, the location of the Anderbach was obtained from the MKZ_34_1 map from 

the official website of the city of Vienna  

(Stadtvermessung der Stadt Wien: https://www.wien.gv.at/ma41datenviewer/public/start.aspx). 

QGIS (Desktop LTR 3.34.4) was used to combine the capture locations of individuals and the location 

of the breeding stream in one project. The shortest distance to the stream was determined by the 

“Shortest line between features” tool with the point layer of the fire salamander locations being the 

input layer and the line layer of the stream being the destination layer. As a method, the “Distance to 
the Nearest Point on feature” was used. Only individuals found on transects were considered for this 

analysis to avoid a bias.  

Figure 2: Example of the measurement of the body length using ImageJ and the “segmented line” tool. 

https://www.wien.gv.at/ma41datenviewer/public/start.aspx


8 

 

Statistical analysis 

All calculations were performed using R (version 4.4.0, R Core Team 2024). The seasonal change in 

body condition, expressed as SMI, was analyzed using general linear mixed models (GLMMs), with the 

package “glmmTMB” and then visualized with “ggeffects”. Based on the results of the study by Najbar 

et al. (2019), a fluctuating pattern was assumed for the change of the SMI throughout the seasons. 

Therefore, the date of the sampling occasions was sine- and cosine-transformed, because the 

development of body condition was expected to follow patterns similar to those functions. The SMI 

calculated with the body length was set as response variable, while the sine-transformed capture day, 

cosine-transformed capture day, the sex, the interaction between sex and the sine-transformed 

capture day as well as the interaction between sex and the cosine-transformed capture day were fixed 

effects. In this model, the random effect was the transect on which the individual was found. The 

model was built using a Gaussian error distribution. The residual plots were produced with the 

“DHARMa” package and visually checked for fulfilling the normality assumption. For fixed effects with 

significant influence on the SMI effect sizes were quantified using the “effsize” package. Graphical 

visualizations were created by using the package “ggplot2”.   

 

For the analysis of seasonal changes within the spatial distribution pattern, GLMMs were run with the 

“glmmTMB” package. In preparation, the date of the sampling occasions was sine- and cosine-

transformed because the distance to the stream throughout the seasons was expected to follow 

patterns similar to those functions. Within the GLMMs, the distance to the stream was the response 

variable.  The sine- and cosine-transformed days of capture, body mass, sex (adult females vs. adult 

males), and the SMI were used as fixed explanatory variables. The transect on which the individuals 

were captured was used as random effect. As a result of the distance to the stream not being normally 

distributed, a log link function of the gamma family was used in the modeling. The residual plots were 

produced with the “DHARMa” package and visually checked for fulfilling the normality assumption. 
Using the “effsize” package, effect sizes were calculated for fixed effects with significant influence on 

the distance. Graphical visualizations were generated by using the “ggplot2” package.  

 

Results 

 
In total 284 different fire salamanders (females n = 94, males n = 147, juveniles n = 30, N.A. = 13) were 

identified within 378 captures during 32 capture occasions.  
The first adult females depositing their larvae were observed on the 11th of February. 

Figure 3: The left panel displays how many individuals were captured a certain number of times during this study.  

The right panel shows the precipitation sum (blue bars) and the mean temperature (red line) for each month during the time of 

this study. The weather data was obtained from the official GeoSphere Austria website for the weather station “Jubiläumswarte”. 
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Body length 

According to the Shapiro-Wilk test, the body length 

was not normally distributed for adult females 

(Shapiro-Wilk test, bl: W = 0.9693, p = 0.02732,  

n = 93). In contrast, the same test showed a normal 

distribution for the total body length of adult females 

(tbl: W = 0.985, p-value = 0.3905, n = 90) as well as the 

bl and tbl of adult males (Shapiro-Wilk test,  

bl: W = 0.99018, p = 0.3815, n = 150, tbl: W = 0.99124, 

p-value = 0.5034, n = 146). For both sexes, the 

histograms, and QQ-Plots showed a normal 

distribution regarding the body length and total body 

length.  

 

Body mass (weight)  

The Shapiro-Wilk test indicated no normal distribution 

of body mass for adult females  

(Shapiro-Wilk test, W = 0.96738, p-value = 0.0199,  

n = 93). In contrast, the test was normally distributed 

for males (Shapiro-Wilk test, W = 0.98341,  

p-value = 0.06805, n = 150).  

Still, the histograms and QQ-Plots for adult females 

and males appear to be normally distributed. 

Length and body mass were significantly correlated (Spearman correlation, bl: S = 709549,  

ρ = 0.7884403, p < 0.001, tbl: S = 779856, ρ = 0.745692, p < 0.001) for all individual (Figure 4).  

 

 

Table 1: Characteristics of the linear measures of size for 

both sexes. Values in the same row with identical 

superscripts are not significantly different. 

Table 2: Characteristics of the body mass for the 

different subgroups. Values in the same row with 

different superscripts are significantly different. 

Figure 4: Body mass as a function of the body length. The regression line (blue) was plotted using  

stat_smooth(method = "lm", formula= (y ~ x + I(x^2)) and the confidence interval is displayed as shaded area. 
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Body condition - Scaled Mass Index (SMI) 

According to the Shapiro-Wilk test, the SMI of all 

individuals was not normally distributed  

(Shapiro-Wilk test, bl: W = 0.98871,  

p-value = 0.05397, tbl: W = 0.95175, p-value < 0.001).

   

Therefore, the Kruskal-Wallis test was used to test for 

differences between the sexes. The result was 

significant for both linear measures of size  

(Kruskal-Wallis test, bl: chi-squared = 75.526, df = 1, 

p-value < 0.001, tbl: chi-squared = 67.714, df = 1,  

p-value < 0.001). Consequently, the Dunn's test was 

performed using the Bonferroni method and showed 

a highly significant difference between the SMI of 

adult females and adult males (bl: p = 3.61e-18,  

tbl: p < 0.001). The Cohen’s d revealed a large effect 

size (d estimate = -1.38, 95 % confidence interval:  

-1.67 to - 1.09) for the sex. Therefore, the sex 

explained a high amount of variation in the SMI.  

 

Seasonal aspect    

The seasonal change in body condition showed a different pattern for adult female than for male fire 

salamanders (Figure 5). This finding is consistent with the GLMMs which returned significant results 

for a sex difference of the SMI (p < 0.001, z-value = 10.12) and for the SMI following a sex-dependent 

seasonal fluctuation pattern related to the cosine function (p = 0.00102, z-value = 3.29).  

The predicted body condition (SMI) of adult female fire salamanders was highest during winter, 

whereas the SMI of adult males was highest during summer (Figure 5).   

Table 3: Characteristics of the SMI calculated with the linear 

size measures (bl and tbl) for both sexes. Values in the same 

row with different superscripts are significantly different. 

Figure 5: Seasonal change of SMI by day of the year for adult female and adult male individuals compared.  

The confidence interval is displayed as shaded area. 
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Spatial aspect 

By visual inspection, the distance to the stream throughout the year fluctuated similarly for both sexes. 

The GLMMs performed showed a sex-independent significance for the cosine-transformed days  

(p = 0.0376, z-value = 2.044) and the sine-transformed days (p = 0.0278, z-value = 1.942). Adult fire 

salamanders were found further away from the stream during late summer than in early spring. No 

significance was found for the SMI, sex, bl, and body mass. The effect size for the cosine-transformed 

days of the year (eta-squared = 0.098) and the sine-transformed days of the year  

(eta-squared = 0.0124) on the distance, both indicate a small impact of this variable. 

 

 

Discussion 

In line with our predictions, the development of the SMI in adult female fire salamanders throughout 

the year followed a different pattern compared to that of adult males. For adult males, the SMI was 

highest during summer and lowest in winter. For females, we observed the lowest SMI in summer 

which then increased over the winter months until early spring.  

The seasonal change observed for the distance to the stream seemed sex-independent and might 

indicate a movement pattern, that needs to be further studied.   

Our findings did not provide any evidence for a sexual dimorphism in body length in the fire salamander 

population studied. Instead, significant sex differences in weight and SMI were found. 

 

  

Figure 6: Seasonal change in distance to the stream by day of the year for adult female and adult male individuals.  

The confidence interval is displayed as shaded area. 
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Seasonal aspect 

Compared to other studies (Najbar et al., 2019; Juszczyk (1987) and Zakrzewski (2007) quoted by 

Najbar et al., 2019), the seasonal change in body condition, expressed as SMI, showed a similar pattern 

for adult male fire salamanders.    

Even though the development of the SMI for adult female fire salamanders throughout the year could 

not be compared to other studies, it is consistent with our expectations.  

Kiss et al., 2021 assessed the body condition of fire salamanders during spring/summer (March to June) 

and fall (July to November) calculating the residuals of the linear regression between the logarithms 

of individual body weight and body length. Consistent with our results the study found a higher body 

condition for male individuals in spring/summer than in fall. For females, the body condition between 

spring/summer and fall was not substantially different, which supports our findings.    

For mature males, the increased mating effort (Thiesmeier, 2004) after the dry summer period could 

explain the decrease in body condition (Najbar et al., 2019). The mating season for fire salamanders is 

prolonged, lasting from spring to fall (Thiesmeier and Günther, 1996) while pausing during hot and dry 

weather conditions in summer (Vörös et al., 2010 quoted by Kiss et al., 2021). During our study, 

potential matings and increased mating efforts for males, such as ̀ rival combats` (Bogaerts et al., 2021; 

Penner et al., 2022), have only been observed in fall. While monitoring the accesses of a hibernation 

shelter used by fire salamanders in Vienna, Leeb (2013) also found sex differences in activity. During 

winter male individuals left the burrow more often and were involved in interactions more often than 

females. This higher activity level of males could be a reason for their further decrease in body 

condition in fall and could be linked to the mating system (Leeb, 2013). It seems reasonable that 

mature males invest more energy into mating efforts and the search for potential food sources even if 

the weather conditions are not favorable. During spring, warmer temperatures lead to better food 

availability in the forest as insect abundance increases (Crowley et al., 2023) and terrestrial mollusks 

and earthworms emerge during more frequent rainy conditions. These better food availabilities 

support an increase in body condition until the dry period in summer (Najbar et al., 2019; Reading, 

2007).  

 

In contrast, the pattern in body condition observed in adult female fire salamanders seems to be 

characterized by the pregnancy of an uncertain number of individuals. The increase of the SMI in 

females during fall can be explained by the additional resources accumulated to provide for their 

unborn offspring. In lecithotroph viviparous species, such as S. salamandra, females provide yolk for 

their embryos, which nourishes them throughout the pregnancy (Greven and Guex, 1994). The average 

SMI of the females then further increases during the winter due to the developing larvae carried by 

pregnant females. Under these circumstances, a more active behavior, as it was observed in males 

(Schulte et al., 2007), might be too energy inefficient. Consequently, pregnant females may leave their 

hibernation shelters only if weather conditions are more favorable to increase the chance of finding 

food.   
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Spatial aspect 

Our results show a significant sex-independent correlation between the distance to the breeding 

stream and the cosine-transformed as well as the sine-transformed days of the year. The shorter 

distance to the Anderbach in early spring could indicate that not only pregnant female fire salamanders 

that have to deposit their larvae move towards the breeding stream in early spring. Instead, adult 

individuals might move closer to the stream in general, as Manenti et al. (2017) already reported. For 

adult males, this possible migration pattern could be explained by them trying to mate with females 

that return from the larviposition (Manenti et al., 2017). In our study, a further distance to the stream 

during summer was also observed to be sex-independent. Perhaps there is no incentive for fire 

salamanders to cluster at the stream. Instead, reducing the density of individuals by dispersing further 

away could make it easier to find food and shelter.  

Since the effect size for cosine- and sine-transformed days only have a small impact on the variance, 

other parameters might be more relevant. Possible alternative explanations for the observed spatial 

pattern could be linked to the specific relief of our study site (Figure A1 and Figure A2 of Appendix). 

Better hibernation shelters may be located closer to the stream (Thiesmeier and Günther, 1996), the 

food availability closer to the stream could be higher during breeding season (Manenti et al., 2017) or 

the microclimate differs on a local scale resulting in different regional activity periods throughout the 

year.   

To assess whether supporting evidence for the observation of this study can also be found during other 

years and within different populations further research is needed. A capture-recapture approach or 

long-term tracking could give a deeper insight into the movement behavior of fire salamanders. 
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Body length 

Regarding the total body length, adult females at Wilhelminenberg were on average longer than 

female individuals studied by Najbar et al. (2019) in Poland and around the same length as the 

individuals from the Vienna Woods studied by Martina Mayerhofer in 2012 and 2013  

The mean total body length of male adults was higher than the mean total body length found in Poland. 

At the same time, the range was smaller but covered higher total body lengths.  

According to Sinsch (2024), over 90% of the final body size in adult fire salamanders is gained before 

reaching sexual maturity. Therefore, the habitat quality affecting larvae and juveniles can potentially 

influence the growth rates and impact adult body sizes (Sinsch, 2024). For example, exposure to non-

lethal heavy metal pollution in breeding streams was identified as the main environmental driver in 

the variation in adult size during a German study (Sinsch, 2024). Negative correlations between body 

size and population size have also been observed. This relationship may be a regulatory mechanism in 

population dynamics (Unglaub et al., 2018). 

From the data of this study, a significant sex difference in the average measure of size (bl and tbl) in 

adult fire salamanders was not observed. The absence of sexual dimorphism in body size was already 

described in fire salamanders during previous studies (Sinsch, 2024; Reinhard et al., 2015). In contrast, 

other studies reported sexual size dimorphism (SSD) (Najbar et al., 2019; Labus et al., 2013). A 

significant sex difference in body length can be potentially explained by females displaying a positive 

relationship between body size and fecundity (Shine, 1979; Salthe, 1969). Within 79 salamander 

species reviewed, Shine (1979) estimated female-biased SSD in 61 %, while male-biased SSD was only 

found in 19 % and 20 % did not express any SSD. In a study review on sexual dimorphism within 

Salamandra, Lyciasalamandra, Mertiensiella and Chioglossa with large sample sizes, Reinhard et al. 

(2015) reported a lack of SSD among the family of Salamandridae, referring to it as a “lineage-specific 

pattern”. For anurans, variation in SSD between populations could also be explained by differences in 

age structures between the sexes (Monnet and Cherry, 2002). Varying results between different fire 

salamander populations were seen as indicators for possible influences of environmental parameters, 

such as altitude and habitat quality (Kiss et al., 2021). Reinhard et al. (2015) state the sexual 

dimorphism, among the salamander species reviewed in their research, is influenced by the combined 

effects of diverse selection pressures. So far, the drivers causing the high intraspecific variation in 

phenotypes of Salamandra salamandra are not fully understood (Alarcón-Ríos et al., 2020).   

 

 

Table 4: Comparison of the total body length (tbl) between different studies regions. 



15 

 

Body mass (weight)  

For adult female fire salamanders from this study, the range of the body mass as well as its mean were 

higher than the body mass of females from the Vienna Woods studied by Martina Mayerhofer in 2012 

and 2013 and from Poland studied by Najbar et al. from 2004 to 2016. The average body mass of male 

adults from the Wilhelminenberg was higher than in Poland while the range was smaller but covered 

higher body masses.  

Dobson (1992) described two explanations for differences in structural size. Either, differences in body 

size are caused by plasticity in structural growth or due to increased body condition, as more energy 

reserves are stored (Dobson, 1992). Regarding mean total body lengths from our study being mostly 

longer compared to Najbar et al. (2019) and Mayerhofer (2013), higher mean body masses might be 

related to plasticity in growth rates. In some cases, like in comparison to female fire salamanders from 

Maurer Wald with longer mean total body lengths but lower mean body mass, a higher body condition 

could also be an explanation.   

In this study, the average body mass in adult females was significantly higher than in adult males. Most 

likely, this difference is caused by the gain in weight in pregnant female fire salamanders. 

 

Body condition - Scaled Mass Index (SMI) 

Sex was identified as the main explanatory variable for the significant difference observed in SMI. 

Pregnant females with higher reproductive effort could considerably influence this result. During their 

pregnancy, more nutrition is needed to allow the development of the offspring wherefore weight is 

gained. For male fire salamanders, there is no need to store this additional energy.   

Kiss et al. (2021) found no significant differences in the mean body condition index between adult male 

and female fire salamanders using the residuals of a linear regression between the log-transformed 

body mass and body length.   

 

  

Table 5: Comparison of the total body weight between different studies and regions. 
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Conclusions and further perspectives 

Our study revealed sex-dependent fluctuations in body condition (SMI) for the fire salamander 

population at Wilhelminenberg throughout the year. Our findings for male individuals are consistent 

with the results of Najbar et al. (2019). No comparable literature was found for the seasonal change of 

the SMI observed in females, but the pattern appears plausible. The variation in distance to the stream 

was sex-independent and may follow a seasonal pattern influenced by periodic movement habits. 

Further investigation is needed to assess whether a seasonal movement pattern can be concluded. 

Manenti et al. (2017) already observed a higher activity in adult fire salamanders of both sexes closer 

to the breeding site during early spring, suggesting this could be due to males trying to increase their 

chances of mating.   

Compared to similar studies, the lack of sexual size dimorphism and the existence of sex-dependent 

body conditions within the population we investigated highlight the variation that can occur between 

fire salamander populations. Gaining knowledge about the range of intraspecific variability in 

amphibian species is important as it can facilitate the understanding of demographic resilience and 

evolutionary potentials of populations, improving management and conservation actions (Schlippe 

Justicia et al., 2023).    

As underlying causes for variations between populations and seasonal patterns remain unclear, 

standardized long-term studies comparing different populations should be conducted. This allows the 

assessment of the consistency in seasonal changes in body condition, especially in adult females.  For 

the investigation of the existence of seasonal movement patterns in fire salamanders and identification 

of underlying causes, additional variables such as the location of hibernation shelters may be 

beneficial. Tracking the movement of individuals by using specific tracking devices would enable a 

deeper insight into the behavior of fire salamanders.  

 

Ethics statement 
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Appendix 

 

 

Figure A1: Reclassified elevation lines within the study site. The original contour lines were Open Government Data contour 

lines provided by the GeoServer Web Map Service: https://data.wien.gv.at/daten/geo?version=1.3.0&  

https://data.wien.gv.at/daten/geo?version=1.3.0&
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Figure A2: The terrain at the study site. The “Geoland Basemap Gelände” from the WMTS server 

https://maps.wien.gv.at/basemap/1.0.0/WMTSCapabilities.xml was used as background. 

https://maps.wien.gv.at/basemap/1.0.0/WMTSCapabilities.xml
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Zusammenfassung 

 

Im Zuge des derzeitigen weltweiten Amphibiensterbens können selbst weit verbreitete Arten wie der 

Feuersalamander aufgrund verschiedener Bedrohungen stark abnehmen. Während sich der 

Erhaltungszustand voraussichtlich weiter verschlechtern und durch die zunehmenden Auswirkungen 

des Klimawandels noch verschärfen wird, ist ein umfassendes Monitoring sowie ein tiefergehendes 

Verständnis der natürlichen Entwicklungen innerhalb gesunder Feuersalamanderpopulationen 

dringend erforderlich. Im Rahmen dieser Studie wurde eine Population von Feuersalamandern am 

Wilhelminenberg in Wien beobachtet, um die Körperkondition und die räumliche Verteilung der 

adulten Individuen über ein Jahr hinweg zu verfolgen. Zwischen November 2023 und Oktober 2024 

wurden von den insgesamt 378 gefangenen Tieren 284 unterschiedliche Individuen identifiziert. Die 

Fluktuation der Körperkondition über das Jahr hinweg zeigte bei den Geschlechtern ein 

unterschiedliches Muster. Die Körperkondition der adulten Männchen war im Sommer am höchsten, 

was wahrscheinlich auf das günstige Nahrungsangebot in den vorangegangenen Monaten 

zurückzuführen ist. Die verstärkten Paarungsbemühungen im Herbst könnten die Abnahme der 

Körperkondition im Herbst erklären, die im Winter ihren Tiefpunkt erreichte. Bei den Weibchen stieg 

während der Schwangerschaft im Winter die Körperkondition an und nahm im Frühjahr nach dem 

Absetzen der Larven ab. Die Entfernung der Individuen zum Laichgewässer zeigte im Jahresverlauf den 

Trend einer geschlechtsunabhängigen Fluktuation. Die tendenziell höhere Aktivität der 

Feuersalamander in der Nähe des Baches während der Brutzeit könnte darin begründet sein, dass die 

Weibchen ihre Larven absetzen und die Männchen ihre Chancen auf eine potentielle Paarung erhöhen. 
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