

  diversity-15-00762




diversity-15-00762







Diversity 2023, 15(6), 762; doi:10.3390/d15060762




Communication



Suitability of Wheel Ruts: Characterization of Overlooked Breeding Habitats of Alpine Newts



Oldřich Kopecký





Department of Zoology and Fisheries, Faculty of Agrobiology, Food and Natural Resources, Czech University of Life Sciences Prague, 16521 Prague, Czech Republic







Academic Editor: Salvidio Sebastiano



Received: 20 May 2023 / Revised: 5 June 2023 / Accepted: 6 June 2023 / Published: 9 June 2023



Abstract

:

The Alpine newt (Ichthyosaura alpestris) is sensitive to habitat destruction and alteration, and as a result there has been a decline in their populations across Europe. Due to historical landscape changes, the populations of Alpine newts drawn from lowlands and hilly areas have recently been primarily found in artificial habitats, such as wheel ruts. In some areas inhabited by the Alpine newt range, wheel ruts are the only available habitat for newt breeding, and thus the only one allowing the maintenance of their populations. However, our knowledge about this type of habitat is limited. Therefore, 60 wheel ruts in a hilly forested area in the Czech Republic were checked for the presence of Alpine newt larvae. Their characteristics were measured (conductivity, pH, dissolved oxygen, depth, water coverage, plants, presence of prey, hydroperiod). The presence of larvae was positively associated with higher values of pH, coverage of water plants, and the presence of prey. The strongest predictor was the hydrological stability of wheel ruts, and newts were found to prefer non-drying ruts. From the conservation point of view, this means that the suitability of wheel ruts for Alpine newts can be estimated quite easily. This can essentially be performed on the basis of visual inspection if it is carried out through the breeding season of newts.
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1. Introduction


Amphibians are decreasing in abundance worldwide [1,2]. This is true for Caudata amphibians [3] and also for Alpine newts (Ichthyosaura alpestris). The Alpine newt species is rated as being at the level of least concern in most of its range. However, a continuously decreasing trend is observed for its populations across Europe [4].



The Alpine newt species is widely distributed across western and central Europe from lowlands to mountains (up to 2500 m a.s.l.) [4,5]. It is very adaptable and usually breeds in lentic habitats of natural or anthropogenic origin that vary greatly in their characteristics [4,5,6]. Nevertheless, most of our knowledge about the ecology and ethology of Alpine newts comes from laboratory studies [7,8,9] or from mountain lake localities [10,11,12]. Due to historical landscape changes, populations of Alpine newts from lowlands and hilly areas have recently been primarily found in artificial habitats such as agricultural ponds, abandoned quarries, garden pools, or even small ruts caused by automobile traffic on unpaved roads [5,13]. These wheel ruts are extreme habitats. This is primarily due to the water small volume and resulting instability with sudden fluctuations in water temperature or turbidity [14,15,16]. In some areas of the Alpine newt range, these are the only available habitats for their breeding and thus allow for the maintenance of their populations [13,17,18]. Our knowledge about this extreme habitat is limited despite the considerable importance of wheel ruts for Alpine newt populations.



Because potential conservation actions focused on amphibians must be based on an understanding of population functioning and their reactions and adaptations to their environment [19], the aim of this study was to determine the primary characteristics of wheel ruts that affect the presence, reproduction, and development of Alpine newts.




2. Materials and Methods


Data about wheel ruts and their occupancy by Alpine newts were collected in Kozlovecký hřbet (GPS: 49.954 N, 16.397 E) on an area of about 108 ha. This hilly area, with a dense network of forest roads, is situated in the west and the southwest direction of the Hylváty settlement and lies in the Czech Republic (Figure 1). It is wholly covered by a spruce forest of different ages, which is used as a source of timber. Water bodies, namely 60 wheel ruts over an altitude range of 393–548 m with possible use by amphibians for breeding, were surveyed (Figure 2). The only reservoirs suitable for amphibian breeding are wheel ruts in this area. The streams here are periodic, have high slopes, and thus dry up very quickly. In addition to the Alpine newt, also several individuals of common frog families (Rana temporaria) were found in the area. However, the reproduction of this species was not recorded during the study period.



From 12 March till 15 October 2011, the characteristics of each wheel rut were measured (some of these characteristics repeatedly) and the presence of Alpine newts was checked. This period corresponds with the breeding and subsequent larval development of Alpine newts in the study area [15,20]. Because the presence of adult newts can be transient, the suitability of wheel ruts for newts was based on the occurrence of larvae. The Alpine newt was the only amphibian species that reproduced in the studied area.



The depth of the ruts (in cm) and the temperature of the water inside them were measured once per month. In the following analysis, the highest depth value was used. The temperature was measured at positions 10 cm under the water surface using the thermometer DETR3 Voltcgraft. Due to low variation among wheel ruts in terms of the overall minimal and maximal temperature value of the difference between min. and max. temperature for each, the wheel rut was used as a factor temperature. Conductivity, pH, and dissolved oxygen were detected once per season on the 13 of August using Greisinger’s GmbH electronic device (GMH 3430, GMH 3530, GMH 3610). Data collection was always conducted between 10.00 and 15.00 h.



The presence of water plants was determined in percent (%) as an estimated portion of the covered bottom based on photographs taken each month. Values were taken from the photo, with the highest coverage being taken for analysis. In the warmest part of the year, some wheel ruts desiccate, therefore I evaluated the hydroperiod of wheel ruts as being stable or unstable. During the whole observation period, I looked for the presence of potential prey and especially searched for earthworms (Lumbricidae), mosquito larvae (Culicidae), and zooplankton (Cladocera, Cyclopoida), which were found in some wheel ruts by a previous study [20]. The presence of prey was confirmed if the prey was found in the wheel rut at least once during the study period.



Then, independent continuous variables were recorded: temperature (difference between min.–max. temperature, in °C), depth (highest value from all measurements of max. depth, in cm), coverage of water plants (highest value from all measurements, in %), conductivity (μS/cm), dissolved oxygen (mg/L) and pH. The independent binary variables were hydroperiod (stable/unstable) and the presence of prey (present/absent). As a dependent variable presence (yes/no) of Alpine newt, larvae from a particular rut were used.



Before the application of the primary model, I checked for partial correlations among all continuous independent variables. Conductivity was in a positive relationship with pH (Pearson correlation coefficient, r = 0.77, p < 0.001) and a negative relationship with dissolved oxygen (Pearson correlation coefficient, r = −0.39, p < 0.01). Therefore, factor conductivity was not used in subsequent analysis. Other correlations were insignificant. The independence of the binary variables, i.e., hydroperiod and presence of prey, was checked by 2 × 2 contingency tables and these were not connected (Yates-corrected χ2 = 0.97, p = 0.326).



I used a generalized linear model with binomial distribution to test the characteristics of wheel ruts that contained larval Alpine newts. The starting maximal model contained all factors and their two-way interactions. In search for the minimal adequate model, I followed the general recommendation for model simplification [21,22] and used function ANOVA with chi-test analysis for comparison of models. Statistical significance was established using α = 0.05. All tests were computed using R statistical software, version 4.1.2 [23].




3. Results


Larval newts were present in 20% of mapped wheel ruts. The minimal adequate model, which explains the presence of newt larvae in wheel ruts, contains pH, coverage of water plants, hydroperiod, and presence of prey as significant factors (Table 1). Alpine newts try to avoid reproducing in drying ruts (i.e., in those with unstable hydroperiod); however, these constitute the majority (68%) of monitored wheel ruts in the studied area. The presence of prey was confirmed at 73% of studied wheel ruts and this factor had a positive effect on the occurrence of larval newts. Both the higher coverage of water plants and higher pH had a positive effect on the presence of larval newts (Figure 3).




4. Discussion


From studied factors, the strongest predictor of Alpine newt larvae absence in wheel ruts was found to be unstable hydroperiod, i.e., if the wheel rut dries out at least once. Hydroperiod is one of the primary factors influencing amphibian species richness in a particular locality and this factor affects the reproduction success of a species [17,24]. Temporary ponds or pools are risky for larval development as the early drying of a rut during the season terminates the egg and larval stages of newts [25]. On the other hand, due to their short hydroperiod, these unstable water bodies host limited numbers of predator species, which is their primary advantage for newts. This is especially true for fishes, which are recognized as the largest threat to the successful reproduction of European newts, and the presence of fish is a strong predictor of the absence or future absence of newts in particular water habitats [26,27,28]. Drying out excludes fishes and some invertebrate predators from these habitats [28,29]. In our study, ruts with stable hydroperiods did not differ from those with unstable hydroperiods in terms of variety and presence of predators. Wheel ruts were too small to host fish and dragonfly larvae were found in both types of ruts. Except for the fish presence of high sludge depth (over 15 cm) on the bottom of the water, habitat was recently recognized as another factor that strongly predicted Alpine newt absence [28]. This factor was neglected at times in our study, but the bottom of the ruts was always clay muddy with a depth of layers up to 5 cm.



For Alpine newts, habitat type (lake, pond, pool, etc.) is one of the strongest predictors of their presence in a particular locality [6]. In this study, all-wheel ruts in the area had the same origin (water-filled vehicle tracks) and the means of their saturation was similar. The highest water levels were in wheel ruts during spring (from the end of March to early April), when wheel ruts were filled from melting snow. During the rest of the season water levels were dependent particularly on rainfall. Desiccation events were most numerous in July. In contrast with the study of Mole salamander (Ambystoma talpoideum) [25], a similar number of Alpine newts and same-sex ratios were found in the studied area during seasons with different amounts of rainfall [16]. This suggests that Alpine newts were able to cope with wheel rut drying. We found that adults were able to move among wheel ruts during breeding seasons [15] and that these movements were sex-specific [16]. Adult females were able to ensure reproduction success by spreading reproduction investments among several wheel ruts. However, this behavior was not just a simple distribution of risk—during data collection for this study, we recorded only a single unstable wheel rut where drying led to the death of the larvae present. Therefore, it seems that the perspective of early wheel rut drying could be estimated by female newts quite successfully, at least in years without extreme drought.



Positive effects on Alpine newt larvae presence also had higher values of pH and coverage of water vegetation. Alpine newts are considered to be the most acid-tolerant European newt species [30] and are able to long-term prosper at pH values from ranging 5.0 to 5.6 [5]. However, Alpine newts in this study preferred reproduction wheel ruts with higher pH values. Larval newts were only found in wheel ruts with pH values of 6.0 and more. Generally, lowering pH means decreasing the number of hatched larvae in European newt species and their earlier hatching [31,32]. Earlier hatched larvae then need a longer time to reach the size and obtain the energy necessary for successful passing through metamorphosis [30].



As proven in earlier studies, aquatic plants in breeding habitats positively affect the presence and abundance of European newt species [26,33]. Submerged vegetation is of primary importance [34]. Dense vegetation enables newts to survive in areas with predatory fish [5]. Submerged vegetation is also crucial for the development of newts. Wrapping eggs individually into the leaves of aquatic plants protects them from predators [7,35] and from UV radiation that has a teratogenic effect on embryos [36]. Up to 90% [7] or 96% [35] of eggs are deposited by females on submerged leaves, and the remainder are placed on the bottom substrate. However, a female’s willingness to lay eggs in tanks without vegetation is significantly lower [37].



The presence of water vegetation is more important for egg-laying females of Alpine newts than water temperature. The optimal temperature for egg laying is 17.5 °C (with a range of 12.5–22.5 °C) for Alpine newts. However, females tend to find a place with submerged vegetation even if they are in the water with optimal temperature [37]. In deeper water habitats larval Alpine newts try to avoid the top water layer below the surface (0–15 cm) and, from the studied species of newts, seem to be most benthic [11]. In the studied area, most of the wheel ruts were not deeper than 15 cm; therefore, larval newts had no option for dealing with water temperature in the water column. The presence of larvae is affected by the decision of adult newts to breed or not in a particular rut. Nevertheless, even significant differences (15.5 °C in seasonal maximum) among particular wheel rut temperatures had no effect on the occurrence of larvae.



Human-induced habitat loss and degradation are the most prominent present stressors for Caudata amphibians [38]. However, sometimes human activity can inadvertently create and maintain new breeding sites, such as wheel ruts. Despite the extremity of such an environment, wheel ruts form specifically suited breeding habitat in European forests [14,17] that are often the only sites available. For this reason, they should not be overlooked. From the point of view of practical nature conservation conclusions of our study means that the suitability of wheel ruts for Alpine newts can be estimated quite easily. Indeed, it may be essentially conducted on the basis of visual inspection if it is carried out through the breeding season of newts (except for pH, the other three factors that significantly influence the presence of larval Alpine news can be estimated by eye).
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Figure 1. Map of the study area (spruce forest in a hilly area near Hylváty settlement, Czech Republic) delineated by red dashed line. 
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Figure 2. Example of wheel ruts in the studied area of Kozlovecký hřbet (Czech Republic) that were inhabited by larval Alpine newts (Ichthyosaura alpestris). 
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Figure 3. Presence or absence of larval Alpine newts in wheel ruts with relation to factors pH and percentage of coverage of the bottom of ruts by vegetation (line in the box—median; box 25–75%; whiskers—range of outliers; asterix—extremes). 
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Table 1. A minimal adequate model of GLM with binomial distribution examining factors influencing the occurrence of Alpine newt larvae in wheel ruts.
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	df
	F
	p





	coverage of plants
	1
	4.03
	0.045



	pH
	1
	4.75
	0.029



	presence of prey
	1
	6.76
	0.009



	hydroperiod
	1
	9.13
	0.003
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