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Abstract. Vibrations generated by road traffic are considered to be a form 
of physical environmental pollution. Nonetheless, the effect of this 
disturbance in natural habitats, and in particular on the aquatic stage of 
amphibians, received very little attention from the scientific community.  

This study aims to assess the direct effect of mechanical waves and the 
consequent water turbidity on the aquatic larval stage of Rana temporaria 
by exposing an experimental group to laboratory-induced vibrations and 
comparison with a non-exposed control group. 

Our results show that this kind of pollution had no significant effect on 
the development rate, the length of the larval period, and the mortality of 
the larvae. However, we identified a significant effect on the size of animals, 
both during the larval period, and at metamorphosis. This result raises 
concern about the long-term risks to the amphibian population exposed 
to this type of low-profile pollution. 
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Introduction 
 
Commercial and recreational vehicle traffic in the peri-urban and rural 

areas is on a constant rise, increasing the pressure on the already deteriorated 
amphibian populations by supplementing the existing chemical contamination 
and rising road crossing injuries and mortality (Adlassnig et al., 2013; Hamer  
et al., 2015). However, studies on vehicle traffic-related consequences are 
scarce and focus mostly on nuptial migration-related road-crossing mortality 
(Elzanowski et al., 2009). Referring strictly to Europe (van Gelder, 1973; Hels 
and Buchwald, 2001; Cooke and Sparks, 2004), this type of disturbance seems 
to affect the Common toad (Bufo bufo) in suburban areas and the Common frog 
(Rana temporaria) in the countryside (Elzanowski et al., 2009; Puki, 2006). 
Furthermore, all mentioned research refers to adult frogs of reproductive age. 
Studies regarding the impact of car traffic on amphibians in the larval stage are 
few and refer to indirect effects (noise - Castaneda et al., 2022, de-icing chemical 
contamination - Sanzo and Hecnar, 2006). 

When a vehicle strikes an irregularity in a road surface, an impact load is 
generated, which in turn, gives rise to long-wavelength mechanical waves in the 
form of seismic vibrations that travel through the soil (Toplak et al., 2016). In 
addition, these waves are exacerbated by obstacles such as potholes and bumps 
and are considered a form of environmental pollution (Chilton et al., 1975; 
Hunaidi, 2000; Ducarne et al., 2018; Niazmand-Aghdam et al., 2021). 

As far as we know, the effect of car tire impact on the soil and water 
surface on the larval-stage of amphibians hasn’t been researched yet, even 
though the presence of the lateral line indicates their high sensitivity to this 
type of stimuli (Quinzio and Fabresi, 2014). 

Amphibian life history theory predicts that in suboptimal habitats, larvae 
will accelerate their development and growth-rate coupled with a shorter larval 
period, to minimize mortality (Newman, 1992; Stearns and Coella, 1986; Wilbur 
and Collins, 1973). The faster development rate may have repercussions, such 
as smaller size at metamorphosis and reduced survival rate during adulthood 
(Arendt, 1997). Therefore, the value of this adaptive strategy depends on the 
cost-benefit ratio after the metamorphic transition. 

This study aimed to evaluate the effects of seismic disturbances and 
water turbidity produced by car traffic on a Rana temporaria population from 
the Făgetul Clujului - Valea Morii protected area. The area is a Site of Community 
Importance (SCI,46°42′53″N 23°34′18″E), covering 1.7 ha that includes forest 
habitats of community-interest and 33 protected plant and animal species 
(M.M.D.D., 2008). 
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Although access by motor vehicles in natural protected areas is strictly 
prohibited and constitutes contravention according to Romanian Law (O.U.G., 
2007), the above-mentioned protected area is constantly, and intensively 
subjected to this type of traffic. During the week, the vehicle traffic is utilitarian 
in nature (heavy vehicles and tractors), and on weekends, the traffic is recreational 
(4x4 cars, ATVs, and dirt bikes - personal observations). For the studied species, 
the Common frog, this traffic can represent a permanent disturbance of the 
breeding ponds through the indiscriminate and sometimes intentional use of 
the more rugged off-road tracks, which also happen to create puddles that 
function as amphibian breeding areas in the spring. In our experimental design, 
we formulated two hypotheses:  

1. Seismic disturbances and increased water turbidity will affect larval 
development exposed to this type of treatment. 

2. The larvae exposed to disturbances will metamorphose faster and have 
a smaller average size than the control group. 

 
 
Materials and methods 
 
1 Experimental design 
 
The study was carried out in the laboratory of the University Babeș-

Bolyai Vivarium, Cluj-Napoca, Romania, between April and June 2022. 
To test our hypotheses, we designed an experiment based on two groups 

(control and experimental), each consisting of 24 individuals of Rana temporaria 
larvae. 

Simulating the traffic-related vibrations in the laboratory is a rather 
complicated endeavour, considering the wide range of frequencies in the 
resulting ground-borne mechanical waves. From the low frequencies produced 
by the so-called wheel hop (8-16 Hz; Watts, 1992) to the higher frequencies 
produced by the tire impact forces (800-1500 Hz; Hajek et al., 2006), all these 
vibrations travel through the soil and water and may influence the natural habitats. 
A perfect reproduction of the whole range of the mentioned frequencies is, 
therefore, impossible at the moment. However, we simulated vibrations similar 
to those produced by the impact of wheels on the soil and water surface of  
the breeding ponds by placing the experimental rearing containers on a high-
frequency vibrating reptile feeder (Exoterra Vivicator) for 15 minutes twice a 
day (30 min total time/day), three days a week (90 minutes/week). We also 
simulated the turbidity resulting from these disturbances by agitating the water 
twice a day, each day, for 1 min, by vigorously moving a paddle along the length 
of the growth containers. 
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The animals were collected as eggs (three clutches) on April 3, 2022, from 
a temporary pond located in Făget forest, Cluj-Napoca, Cluj county, Romania 
(46°41’48.57’’ N 23 °32’46.80’’E, altitude 682m, Someș river basin). The three 
clutches were kept separately, in 20L plastic containers filled with dechlorinated 
water, until the end of the hatching period (April 14, 2022). With the beginning 
of the larval feeding stage (Smith-Gill and Berven, 1979) of circa Gosner 25 
(Gosner, 1960), we selected larvae from each litter (88 in total, 24/treatment) 
and distributed them randomly to form the two study groups - control and 
experimental. Larvae excluded from the experiment were released at the site of 
capture. The study animals were kept in 4L containers (9x17x26cm), with eight 
larvae/container, in three liters of dechlorinated water (Craioveanu et al., 2019). 
This density corresponds to low densities in natural populations (Glennemeier 
and Denver, 2002; Rot-Nikcevic et al., 2005). A substrate of approximately 1 cm 
thickness was added to each container, consisting of sterilized forest soil from 
the collection area of the initial clutches. The water temperature was kept 
constant at 20 °C (+/- 1) at a natural circadian rhythm. Each container had an 
oxygen supply provided by electric pumps. Every three days, we changed about 
90% of the water with fresh, dechlorinated tap water. We cleaned the organic 
residues daily by siphoning. 

With the emergence of the forelimbs (approx. Gosner 42), we reduced the 
amount of water to 2 L, and the containers were tilted so that a dry area formed 
at the raised end (Craioveanu et al., 2021). From this point, exposure to the 
experimental stimuli and feeding ceased. When reaching about Gosner 45 
developmental stage, the animals got out of the water towards the dry end of the 
container and were relocated one by one in containers specific to the terrestrial 
environment (starting with May 18, 2022), and later released in the collection 
area. 

We considered Gosner stage 45-46 as the moment of metamorphosis, as 
it corresponds to the total absorption of the larval tail. 

The larval diet consisted of Spirulina (Organic Spirulina 500 mg, protein 
63.5%, carbohydrates 16.1%, and lipids 8.2%. Origin: China) and pelleted rabbit 
food (Versele Laga Cuni fit pure, protein 15%, carbohydrates 15% lipids 3%. 
Origin: Hungary), so that the animals could selectively consume their preferred 
food type. We used Spirulina to simulate the presence of many protein-rich 
species of micro-algae (e. g. Chlorella, Anabaena, Aphanizomenon, Scenedesmus, 
Pediastrum) (Cărăuș, 2012) in the original ecosystem. 
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2 Measurements and analysis 
 
Length measurements were performed on digital images using the free 

image analysis software ImageJ (http://imagej.nih.gov/ij). Images were recorded 
with a Nikon D3200 camera mounted on a stand 30 cm above the specimens. 

For the larval phase of the experiment, we measured the following 
morphological variables: 1) total body length (the distance from snout to tail 
tip, in mm), and 2) larval development stages according to the Gosner (1960) 
model. To establish the correct Gosner-stage we used images taken from several 
angles. In addition to these variables, we recorded the length of the larval period 
for each group (days) and mortality at metamorphosis (Craioveanu et al., 2019). 

As handling is concerned, the larvae were carefully captured using a 
shallow net and transferred to a petri dish containing water levels approximately 
equal to the thickness of the animal (Davis et al., 2008). When photographing, 
we used a Petri dish with a grid scale. The image was taken only when the subject 
was not moving, and the entire dorsal part was visible, followed by the prompt 
return to the original container. Due to the small size and fragility of the larvae 
at the moment of hatching, batch separation and the first measurements were 
done only on day 4 (April 14, 2022). We performed five measurements at 
intervals of approximately one week (April 14, 20, 25, May 4, 11). 

In the metamorphosis phase of the experiment, we measured the body 
length (snout to vent in mm) (Altig, 2007) daily during the entire metamorphosis 
period (May 20 - June 10). We also recorded the mortality (% of dead animals) 
during metamorphosis. 

The normal distribution of the data was tested with Shapiro-Wilk test. To 
verify if the larvae grow and develop differently between the two groups 
(control and experimental), we performed two-sample tests for body length 
and Gosner-stage, for each larval-stage measurement occasion (between April 
14 and May 11). Additionally, we compared the length at metamorphosis and 
duration of development (defined as days to metamorphosis) between groups. 
For normally distributed data, we used the two-sample t-test, and for non-
normally distributed data, we used the Wilcoxon test. The program RStudio 
(RStudio Team 2022) was used to perform all analyses. 

 
 
Results 
 
The first measurement performed at the beginning of the experiment 

showed no differences between groups regarding their body length (t = 1.2198, 
df = 43.956, p-value = 0.229). Gosner stages were identical in both groups as 
they were selected on this criterion from the beginning. 
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Three succeeding length measurements (2nd -4th) showed significant 
differences between groups (Table 1, Figs. 1-3).  

In the fifth measurement, we saw no significant differences between the 
body lengths of the larvae in the control and experiment groups (Table 1).  

At metamorphosis, we also found a significant difference between the 
body lengths of the larvae in the control and experiment groups (Table 1, Fig. 4).  
 

Table 1. Length measurements and statistical tests performed  
on the two groups of R. temporaria larvae. 

Measurements Normality test result 
(Shapiro-Wilk) 

Comparison test result  
(t-test/ Wilcoxon test) 

1st measurement (14th of April) W = 0.99, p-value = 0.972 t = 1.22, df = 43.96, p-value = 0.229 
2nd measurement (20th of April) W = 0.85, p-value < 0.001 W = 395, p-value = 0.027 
3rd measurement (25th of April) W = 0.83, p-value < 0.001 W = 412, p-value = 0.010 
4th measurement (4th of May) W = 0.80, p-value < 0.001 W = 417, p-value = 0.008 
5th measurement (11th of May) W = 0.89, p-value < 0.001 W = 344, p-value = 0.255 
Metamorphosis measurement 
(20th of May -  10th  of June) 

W = 0.96, p-value = 0.358 t = 2.10, df = 28.02, p-value = 0.045 

 
In all cases where we recorded significant differences, the control group 

had higher values than the experiment group.  
Gosner’s development stages and duration of metamorphosis did not differ 

significantly between groups on all measurement occasions (in all comparisons  
p-value > 0.05).  

At metamorphosis, the control group had a mortality of 33%, and the 
experiment group had 37.5%. Before metamorphosis, we recorded no deaths. 

 
Figure 1. Comparison of body lengths of R. temporaria larvae in the second 

measurement occasion. Boxplots represent median (thick line inside the box), 
interquartile interval (whiskers) and outlier values (empty dots). 
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Figure 2. Comparison of body lengths of R. temporaria larvae in the third 

measurement occasion. Boxplots represent median (thick line inside the box), 
interquartile interval (whiskers) and outlier values (empty dots). 

 

 
Figure 3. Comparison of body lengths of R. temporaria larvae in the fourth 

measurement occasion. Boxplots represent median (thick line inside the box), 
interquartile interval (whiskers) and outlier values (empty dots). 
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Figure 4. Comparison of body lengths of R. temporaria larvae at metamorphosis. 

Boxplots represent median (thick line inside the box), interquartile interval 
(whiskers) and outlier values (empty dots). 

 
 

Discussion 
 
Environmental conditions to which amphibian larvae are exposed can 

produce delayed effects on the individual performance of postmetamorphic 
adults. Thus, adult performance is affected by environmental factors long 
before metamorphosis. The quality of postmetamorphic animals, along with the 
survival rate at metamorphosis, and postmetamorphic environmental conditions 
are essential elements that will determine the future dynamics of the entire 
population (Craioveanu et al., 2019; Beckerman et al., 2002). The metamorphosis 
is a critical process in the development of amphibians, as they invest the  
energy acquired and stored as tadpoles in terrestrial maturity, with a complete 
reconfiguration of their appearance and physiology (Wilbur and Collins, 1973; 
Semlitsch et al., 1988; Denver et al., 1998). 

In this study, we investigated the effect of vibration, mechanical waves, 
and high turbidity on the larval development of Rana temporaria. According to 
our results, the stimuli we used on the experimental group had no significant 
effects on the development rate (Gosner stages), the length of the larval period, 
and the mortality at metamorphosis. The significant difference between  
the control and experimental groups was the size of the animals. Thus, the 
experimental group had consistently and significantly a smaller size (total 
length) both during the larval period (measurement sessions 2, 3, and 4) and at 
metamorphosis (body length). 
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After reaching the minimum body size required to initiate metamorphosis, 
anuran larvae are capable of timing the moment of metamorphosis, depending 
on the growth opportunities, or the risk of mortality in the larval habitat (Wilbur 
and Collins, 1973). This timing is modulated by the production of thyroid 
hormone - the main inducer of metamorphosis - along with the production of 
corticosteroid stress hormones - causing the actual transformation of tissues 
during metamorphosis. In response to environmental stressors, these two 
hormones are released earlier and in increased amounts, accelerating 
metamorphosis (Denver, 2021). Although this mechanism promotes immediate 
survival in degraded larval habitats, the short and medium-term cost is a 
reduced tadpole size during the larval period and reduced size at metamorphosis.  

The comparisons between our control and experimental groups indicate 
that this stress-response mechanism was activated as an effect of the experimental 
treatment. 

Although individual size at metamorphosis varies greatly even within the 
same population (Storer, 1925; Jones et al., 2005; Denver et al., 1998), the 
smaller size of metamorphs negatively affects performance and survival in the 
terrestrial stage (Szekely et al., 2020). Thus, smaller specimens are much more 
affected by predation (Lawlor et al., 1999), cannibalism by conspecific animals 
of larger size (Alvarez, 2013), and have lower lipid reserves (Scott, 1994) which 
lead to a decreased ability to cope with variations in the environment. 

Our findings largely confirm the initial hypotheses of this study. Seismic-
type disturbances and increased water turbidity affected the experimental 
animals. Also, the experimental group had consistently smaller body sizes than 
the control group, but the larval period was not significantly different between 
the two groups. 

 
 
Conclusion 
 
The stimuli represented by mechanical waves and high water turbidity 

affected Rana temporaria individuals in the experimental group, resulting in the 
decreased postmetamorphic performance of the animals.  

Even though our laboratory experiment could not precisely reproduce 
the effects of general traffic, the results indicate that motor-vehicle traffic 
through the Făgetul Clujului - Valea Morii protected area most likely harms the 
resident Rana temporaria population and can be of major concern regarding its 
survival in the future.  

Our results also intend to raise awareness regarding the effect of traffic-
related ground vibrations on amphibian populations. 
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Limitations of our study 
 
A major limitation of our study is that we only visually quantified the 

disturbances caused by vehicles in the natural ponds and due to the lack of the 
proper technology, we were unable to measure them and experimentally 
reproduce their consequences. Our results, even if experimental, suggest that 
understanding the ‘wavescape’ generated and maintained by illegal traffic in 
the natural systems can be a genuine scientific goal since tadpoles of a common 
amphibian species responded to such stimuli in laboratory conditions. 
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