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Abstract. Twelve predominantly sylvan anuran species presently occur in Hungary (Table 1). 
Unfortunately their numbers are decreasing. To stop, or at least decelerate this process, there is a 
need to get acquainted with the dangers that prey upon them. Acid rain is one of these 
contingencies. Acid rain can harm anurans both directly and indirectly. Direct effects are very 
serious, but indirect effects are long lasting due to loss and damage of forests as very important 
habitats. In assessment of ecology, anurans among other biotic elements are also participants of 
the Earth’s ecosystem, while in assessment of biodiversity these species are also needed to 
conserve the natural façade of Earth for the further generations. Thus protection of these animals 
is one step in achieving aims of nature conservation. Forest management practices together with 
modern nature conservation methods can benefit anuran protection in Hungary. 

 
 

1. Introduction 
 
According to Hartel (2001) 

amphibian, and therefore anuran 
extinctions, are attributed to several 
causes including; climate change, habitat 
loss and fragmentation, introduced 
species (especially fish), biocides, UV-B 
radiation and disease. Green (1999) states 
that acid precipitation is also among the 
causes. As a result amphibian extinctions 
proceed very quickly, while our 
knowledge in this field enlarges rather 
more slowly, due to the fact that the 
zoological literature on amphibians is not 
very voluminous (Mazál 1997). We still 
lack articles that examine the effects of 
acid rain on anurans. In spite of meagre 
research on the relationship between 
anurans and acid rain, this article aims to 

examine a current situation in protection 
of anuran habitats in Hungary. We focus 
on the complex effect of acidification, 
through the loss of quality of forest 
habitats, because we argue that role of 
forest management in protection of 
anurans and their habitats have been 
neglected.  

 
 
2. Life history and ecology of pond 

breeding amphibians 
 
Some 360-370 million years ago, 

amphibians were the first vertebrates that 
ascended from the water. Then, on the 
brink of the Devonian and Carboniferous 
periods during the Palaeozoic era, only 
plants and invertebrates inhabited the 
land. Since this geologic time, amphibians 
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have inhabited the Earth (Clarke 1993). In 
the course of time they survived glacial 
periods and outlived the extinct dinosaurs. 
The evolutionary and scientific 
significance of amphibians lies in the very 
fact that they are the existing link between 
the Palaeozoic era and the present day. 
Whilst amphibians have formed an 

existing class for more than 350 million 
years, the number of species and 
populations is decreasing noticeably. The 
reasons for the decrease are partly 
imbedded in their unique anatomy and  
lifestyle, while the biggest problem is the 
loss and fragmentation of their habitats 
(Kosik 2004a). 

 
 

Table 1. The taxonomic classification of anuran species in Hungary (Kiss 2003) 
 

  Preferred habitat 
Order: Anura   
Family Species  

Bombina bombina lowlands and hilly country; near to water Discoglossidae 
Bombina variegata mainly rainy mountainous district; near to water 

Pelobatidae Pelobates fuscus lowlands and hilly country; areas with loose sandy soil 

Bufo bufo everywhere in Hungary ; except reproduction period 
distant from water; Bufonidae 

Bufo viridis mainly lowlands; except reproduction period distant from 
water  

Hylidae Hyla arborea rushes and forests; near to water 
Rana temporaria hilly country; moist forests and meadows 
Rana arvalis wolterstorffi lowlands; swampy areas 
Rana dalmatina lowland and mountain forests 
Rana ridibunda lowlands; near to water 
Rana lessonae lowlands; near to water 

Ranidae 

Rana esculenta lowlands, hilly country and mountainous district; near to 
water 

 
 
Because of their complex life cycle, 

pond breeding amphibians require both 
aquatic and terrestrial habitats to complete 
their life histories (Green 1999). Water is 
absolutely necessary for the reproduction 
of anurans as after mating the females lay 
their eggs into ponds or small puddles. 
This is the first step of metamorphosis, 
during which the eggs turn into juvenile 
anurans that can leave the water and live 
an amphibious lifestyle (Kiss 2003). 
However, most species do not move far 
from the water and all return in the 
breeding season. 

Therefore any disturbance, in either 
their aquatic or overland habitats, will 
affect the pond breeding amphibians’ year 
round life. Moreover, the loss of 
connectivity between these habitats has 
the same result, through increasing the 
mortality during mass migrations and/or 
juvenile dispersal. Besides their complex 
habitat requirements, the unique anatomy 
and physiology of anurans exposes them 
to many endangering environmental 
factors. The skin of amphibians lacks 
epidermal structures, such as scales or 
feathers that are typical with other 
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vertebrates (Hartel 2001). The cuticle is 
thin and rich in glandules, but there is no 
insulative horn layer on the outer surface 
of their skin. The glutinous excretion of 
the glandules can provide a defensive 
function against predators for certain 
species, but their main function is to keep 
the skin wet. This function is essential to 
prevent desiccation of the animals. As the 
lung of amphibians is considerably 
underdeveloped, 60 percent of their 
respiration is through their skin and the 
dissolved oxygen in the water can partly 
diffuse via the skin. Damage to the 
insulator horn layer is life threatening 
(Mazál 1997). As a result, the special skin 
anatomy of amphibians is susceptible to 
toxic substrates And damage by 
ultraviolet radiation (Blaustein & 
Kiesecker 2002). Both toxic substrates 
and ultraviolet radiation are very 
dangerous and potentially lethal to the 
ova. The ova of amphibians do not have a 
protective shell the membrane of the ova 
is permeable just like the skin of the full-
grown animals (Kosik 2004a).  

Amphibians are affected by habitat 
degradation in two ways; on one hand 
because of the complex life cycle and thus 
the complex habitat demand, and on the 
other hand, because of their specialised 
anatomy. 

Besides the mentioned ecological role 
there are several other reasons for the 
protection of anurans. One of these 
reasons is that being predators as adults, 
they play an important role in the 
regulation of invertebrate populations in 
the ecosystem. In the course of feeding 
anurans consume a large amount of 
invertebrates. Among these prey animals 
there are species considered as pests in 
agriculture, horticulture and forestry. By 

regulating these invertebrate populations 
anurans have a direct economical role. 
Some anuran species serve as food for 
humans whilst the excretions of some 
species skin glandules are used by 
medical science. Amphibians are still 
widely used as model organisms for 
research (Kiss 2003). 

 
 
3. Effects of acid rain on anurans 
 
There are numerous causes for the 

declines in anuran populations and the 
first step to stop these, or at least slow 
them down is to recognise these causes. 
Acid rain is one of these harmful 
environmental factors (Räsänen et al. 
2002, Glos et al. 2003. Beebee & Griffiths 
2005). 

Acidity is a natural characteristic of 
rain, but since the beginning of the 
industrial revolution the acid concentrate 
in precipitation has increased. As widely 
reported, acid rain has harmful effects on 
both the living and the non-living 
environment (ApSimon et al. 1997, Baum 
2001, Moore 1994, Ormódi 1999, The 
Swedish NGO Secretariat on Acid Rain 
2005). 

The harmful effects of acid rain on 
anurans are both direct and indirect (Fig. 
1). Indirect effects are mainly the 
destructive impacts of acid rain on forests 
that finally lead to damage or loss of some 
critical terrestrial habitats.  

 
3.1. Direct effects of acid rain on 

anurans 
As eggs and larvae, anurans live a 

fully aquatic lifestyle and during the 
larval stages they are most affected by 
water acidity. This development stage 
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often occurs during the period of the 
highest water acidity, following snowmelt 
in the spring (Baum 2001). According to 
Pahkala et al. (2001) the survival 
probability of anuran larvae and 
hatchlings are reduced by low pH (5.0), 
the embryonic mortality can increase in 
acidic water.  

The case is all the same with anuran 
ova. Just like the skin of the full-grown 
animals, the ova lack defensive husk and 
permeable for water (Kosik 2004a). Water 
with toxic substrates can penetrate the 

skin and the ova membrane, and can 
damage the animals physiology. Toxic 
substrates can cause reproductive 
abnormalities and in more serious cases, a 
combined effect of toxic substrates and 
parasites can lead to deformations in the 
number of limbs (Kiesecker 2002). These 
deformations can affect the genetic 
makeup of the species permanently and 
can become hereditary. 

 
 

 

 
 

Figure 1. Direct and indirect effects of acid rain on anurans. 
All indirect effects should be taken into consideration as the consequence 

of forest damage on anurans. 
 
 
3.2. Indirect effects of acid rain and 

anurans 
Whilst the effects of low pH in surface 

waters is significant during the larval 
stages (Pahkala et al. 2002), in case of 
adult anurans the indirect effect of 
acidification of terrestrial habitats is more 
important. The effects of acid deposition 
can apply either directly or indirectly on 
the trees. Direct damage mechanism 
typically involves a progressive loss of 

foliage with discoloration (yellowing or 
browning) of the remaining leaves. In 
some instances, there is evidence of death 
or distortion of roots. Deterioration may 
eventually result in death of the trees 
(Packham et al. 1992). Besides direct 
damage, forests suffer a large number of 
different stresses such as drought, frosts, 
insect attack, disease and soil 
deficiencies, all of which can affect tree 
health and appearance. Acid deposition 
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can make a tree more susceptible to these 
stresses or be a primary cause of the 
stress. Branches and stems can suffer 
fungal, insect and mammal attack as well 
as direct foliage damage such as that of 
wind and storms. Increased evaporation is 
also an acid deposition related stress to 
branches and stems. Root effects are on 
mycorrhizal fungi, water and nutrient 
uptake (ApSimon et al. 1997).  

Potentially the most serious effect is 
the destruction of forests. However, 
restoring the damage caused by acid rain 
is not an easy job (Moore 1994). As most 
anurans in Hungary use forested areas as 
terrestrial habitats, the destruction of trees 
can lead to deterioration and narrowing of 
popular habitats. 

 
3.3. Consequences of forest damage to 

anurans 
 
3.3.1. Increased warming - changes in 

the quality of microhabitats 
As a consequence of foliage loss due 

to acid rain, more radiation will reach the 
forest floor. Increased amounts of sunlight 
can lead to an increased surface 
temperature, and thus to a higher water 
vapour pressure deficit.  Consequently, 
the evaporation of the surface waters can 
increase (Varga 2005). This can lead to 
the drying out of small ponds and wet 
surfaces in the area. Small puddles as well 
as bigger water bodies are important 
reproduction sites for anurans as they use 
these surface waters to lay their ova 
(O’Shea & Halliday 2001). As an 
amplifying factor, wind speeds within 
forests can increase and thus maintain a 
higher evaporation demand. As the 
surface waters evaporate, nutrient 
availability increases that can result in 

eutrophication that can change vegetation 
composition (Loch 1999). The main 
impact of the appearance of sylvan 
stagnant water bodies is the loss of the 
reproduction sites and the essential 
aquatic habitats for anurans. 

It is also possible that because of 
warmer temperatures and the increased 
evaporation the sensitive outer layer of 
anurans can desiccate more easily. As 
forests lose their canopy and plants lose 
their foliage, shaded hiding places are 
reduced. The distances to the nearest 
water body grows  so anurans need to 
consume more resources for movement 
and moving exposes them further to many 
other threats. Movement during the 
reproductive periods reduces the fitness of 
anurans that can result in reproductive 
disturbance and decreased number of 
descendants (Bihari 2002). 

 
3.3.2. Balks in the food chain 
During the larval stages, anuran larvae 

consume algae and other aquatic vegetal 
substrates. They also consume mud, 
seaweeds and numerous small animals 
like worms and little crawfish. Therefore, 
shrinkage of sylvan waters endangers the 
food source of juveniles. The 
characteristic food composition for adults 
is mainly composed of insects and other 
arthropods, snails and worms. Fortunately 
in most anurans species full-grown 
animals can consume every kind of prey 
animal within a particular size range and 
can, therefore, tolerate an alteration in the 
potential food composition (Soós w.y.). 
However due to the altered circumstances 
the composition of the superior predator 
species can also suffer changes. Superior 
predators that are uncommon in a certain 
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area can arrive and potentially negatively 
affect anuran populations.  

As anurans are in the middle of the 
sylvan food chain as primary predators, 
changes in their number affects the other 
levels as well (Moser & Pálmai 1992). 
With the decrease of anurans, number of 
pests can increase, while changes in the 
number of the higher level predators can 
also occur.   

 
3.3.3. Increased ultraviolet radiation 

input  
The interaction between acidification 

and ultraviolet radiation may be highly 
population specific these stressors can act 
in a synergistic fashion (Räsänen, K 
2002).   

The ultraviolet radiation reaching the 
earth’s atmosphere has been classified in 
three categories of wavelengths; UV-A 
(320--400 nm), UV-B (280--320 nm) and 
UV-C (less than 280 nm). UV-A is 
beneficial to the earth’s environment and 
living organisms whilst UV-C is absorbed 
by the earth’s atmosphere. UV-B is 
proven to have harmful effects on both 
plants and animals (Breuer 1993). 

According to Pahkala et al. (2001) 
UV-B is likely to have negative effects on 
the development of anuran embryos, 
either in terms of survival or early growth 
performance. However, the reaction of the 
differs between anuran species. Unlike 
many other studies (Anzalone et al. 1998, 
Blaustein et al. 1998, Corn 1998, Lizana 
& Pedraza 1998). Pahkala et al. (2001) 
showed that neither UV-B treatment nor 
UV-B in combination of low pH had a 
significant effect on moor frog (Rana. 
arvalis) embryos. One possible 
explanation for this discrepancy could be 
the observation that activity of the 

photolyase enzyme (involved in the 
removal of UV-B radiation-induced 
DNA-damaging photoproducts from 
cells) is known to differ between the 
different species (Pahkala et al. 2001). 
Several studies (Blaustein et al. 1994, 
1996, 1999, Van de Mortel et al. 1998) 
have found that species with high 
photolyase activity are more resistant to 
UV-B radiation than species with low 
photolyase activity. The more resistant 
species include several ranids, and it is 
possible that R. arvalis also belongs to 
this resistant group of species. 

Notwithstanding the fact that some 
anuran species are more resistant to UV-B 
radiation than others, UV-B radiation has 
harmful effects on anurans. It has been 
proven that ultraviolet radiation possesses 
mutagenic features (Berend et al. 1999). 
Besides all mentioned effects, UV-B 
radiation can degrade the immune system. 
Organisms that are injured or are under 
stress, are more easily affected (Kosik 
2004a).  

 
3.3.4. Difficulties in winter survival 
Several methods of winter survival are 

known within vertebrates including; 
winter migration to areas with more 
favourable conditions, quiescence and 
suspended animation. Amphibians, as 
poikilothermic animals, apply the method 
of suspended animation. Suspended 
animation is common not only among 
amphibians but among other animals 
including some mammal species (Kosik 
2004b). How amphibians and thus 
anurans act during this process, is again a 
unique feature.  

Amphibians burrow into the ground 
for the winter. Whilst some species 
choose the mud layer of aquatic habitats, 
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most of them prefer terrestrial habitats for 
wintering.  With the temperature decline, 
the amphibian’s body temperature 
decreases to a point a few degrees above 
freezing. To prevent the body from 
freezing, amphibians need to hide into 
deeper layers of the soil, where the 
environmental temperature is above zero 
during the whole winter season. The 
average digging depth of anurans is only 
3 cm, but there are reports on 20--30, 
even 40 cm digging depths (Mazál 1997). 
After choosing a wintering place, the 
body temperature of the wintering animal 
oscillates; it cools down then rises to the 
normal level several times. Finally, the 
body temperature decreases to 2--4 °C, 
the heartbeat declines to 10 %, and 
oxygen utilisation declines to only 2 % of 
the normal. These alterations bring about 
hibernation, and the procedure of the 
suspended animation of the animal starts 
(Kosik 2004b).  

As prebventing the  body t from 
freezing throughout the winter is crucial 
for the anurans hibernating in terrestrial 
habitats, they prefer soil of the deciduous 
forests rather than of conifers. The reason 
of this preference is twofold. First, there 
is the significant thermal effect of dead 
fallen leaves that are larger than that of 
coniferous needles. Second, anurans 
require neutral or mildly alkaline soil 
conditions for the wintering as the skin 
glandules produce an alkaline mucus to 
keep the outer layer of the body moist. 
Under acid conditions, such as in the soil 
of coniferous forests, functioning of the 
skin glandules can be impaired result in 
decreased mucus excretion (Mazál 1997). 

Reduced leaf litter on forest floors, as 
a result of acid rain, has two 
consequences: reduced thermal cover and 

diminished temperatures on the forest 
floor. The increased acidity of the soils is 
a problem itself for anurans, since pH has 
been shown to play a significant role in 
influencing the spatial structuring of 
herpetofauna (Chambers et al. 2006).  Soil 
acidity has a negative impact on the 
distribution of terrestrial amphibians 
(Wyman & Hawksley-Lescault 1987). If 
the normal functioning of the skin 
glandules is impeded, the winter survival 
of anurans could become uncertain 
(Mazál 1997). However, the pH tolerance 
of anuran species may vary (Pahkala et al. 
2001). 

 
 
4. Changes in Hungarian forest 

structure  
 
4.1. Ecosystem sensitivity to 

acidification in Hungary 
The sensitivity to acid deposition 

varies largely between different areas 
(The Swedish NGO Secretariat on Acid 
Rain 2005). Problems arise, sooner or 
later, in situations where acid deposition 
exceeds the buffering capacity of the soil. 
Exceedance is a variable that describes 
the difference between the mean annual 
acid deposition and critical load (The 
Green Lane, the official World Wide Web 
site of Environment Canada 2002). 
Critical load is an estimate of how much 
pollution an ecosystem can tolerate. 
Critical loads are classified into 6 
categories according to the sensitivity of 
the different areas. Categories are given in 
acid equivalents per hectare per year. 
Sensitive ecosystems possess 200 or less 
acid equivalents per hectare per year, 
while least sensitive ecosystems can 
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tolerate more than 1500 (The Swedish 
NGO Secretariat on Acid Rain 2005). 

Fig. 2 shows the ecosystem sensitivity 
for acidification in Hungary. Hungary has 
a medium sensitivity for acidification. 
The most sensitive areas are located at the 

northern part of the country while the 
biggest part of the country is less 
sensitive. Importantly however, the 
largest part of the forested areas is in the 
more sensitive regions for acid deposition 
in Hungary. 

 
 

 
 
 
 
 
 
Figure 2. Ecosystem sensitivity to 

acidification in Hungary. Data are given in acid 
equivalents per hectare per year according to 
the critical loads. By the classification of 
critical loads Hungary has a medium sensitivity 
for acidification. The most sensitive areas are 
located at the northern part of the country and 
however the largest part of the country is less 
sensitive. Forested areas are mostly in the more 
sensitive regions for acid deposition in 
Hungary. 

 
 
 
 
 
 
 
 
 
4.2. The rate of forested area and the 

trend of the changing figures in Hungary 
About 20 %, 17 750 km2, of the total 

area Hungary of is forested (93 030 km2; 
Központi Statisztikai Hivatal 2003). The 
reasons for this low rate are not only 
inadequate forest management methods or 
nature conservation, but are rooted in 
complex causes such as accession of 
cultivated agricultural areas at the 
expense of forests and demand for timber 

and destructive effects of the wars in the 
course of history (Solymos et al. 2001.) 
Changes ofthe forested area in Hungary 
are shown on Fig. 3. 

Protection of sylvan fauna and flora 
would require improvement of forest 
health and also increase in forested area in 
Hungary to provide needed habitats. 
Fortunately the forested area has 
increased by 120 km2 since 1990 
(Központi Statisztikai Hivatal 1994), by 
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reforestation and afforestation, however 
re- and afforestation are primarily 
concerned with economic benefits and 
less with ecological aspects. Forest  

plantations are dominated by exotic tree 
species (Németh & Némethné-Katona 
1997). 

 
  
 

 
 

Figure 3. Changes in the forested area of Hungary from historic times to the present day 
(Solymos et al. 2001). In the course of history the rate of forested area decreased for different 
reasons. From the middle of the last century there is an increase. However re- and afforestation is 
primarily aimed at economic benefits, thus natural forests have been replaced by exotic tree 
species in forest plantations. 

 
 
 

5. Conclusions and 
recommendations  
 
According to Puky (2000), there are 

several endangering factors for anurans 
worldwide, the lack of knowledge seems 
to be the most important of all harmful 
affects. Information deficiency is greater 
in Hungary than the European average, 
thus the effective protection of the 
different anuran species is very difficult 
even in nature conservation areas. One 
solution for this problem would be to 
carry out base surveys to collect raw data 
and also to conduct nature conservation 

research, like monitoring surveys, 
according to current requirements.   

However, there are only a few 
available field studies on the effects of 
acid rain on anurans and moreover, the 
evaluation of the status of aquatic and 
terrestrial habitats is also lacking. In 
contrast there are published experimental 
data regarding the negative effects of acid 
rain on some anuran species. Acid rain 
can cause harms to amphibians both 
directly and indirectly. Forests serve as 
habitat for several anuran species where 
these animals feed, reproduce, hide and 
over-winter. A link between anuran 
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protection and the overall aims of nature 
conservation are evident. According to 
FAO State of the world’s forests (2003), 
sustainable use of forests is an essential 
part of conservation, and vice versa. 
Equitable distribution of the benefits is 
necessary to achieve both. It follows that 
the conservation of biological diversity is 
an integral component of sustainable 
forest management.  

In setting up a comprehensive forest 
management system, the establishment of 
adequate criteria and indicators to guide 
management practices is a basic 
requirement. It would be advisable to 
work out a broad monitoring system that 
should focus on the observation of the 
effects of management acts on the state of 
all sylvan ecosystems of Hungary. 

The natural and near-natural forests, 
that provide habitats for the anuran 
species in Hungary, are essential and 
therefore, an increased protection of these 
woods is needed.  

Restoration of habitats that already 
have started to degrade and consequently 
decline, and those that are threatened is 
required (Camargo et al. 2002, George & 
Zack 2001, Huxel. & Hastings 1999). 

Reforestation and afforestation are 
important for ensuring a more extensive 
protection of anuran species in Hungary. 
However reforestation and afforestation 
should be carried out using tree species 
that would develop the characteristics and 
structures of natural woody associations. 
Exotic species should be avoided and 
used only after thorough deliberation to 
achieve benefits without causing harms to 
the environment.  

Because of negative effects of habitat 
losses and fragmentation on the landscape 
level forest ecosystems, conservation and 

restoration of large, continuous forest 
habitats is needed. Rebuilding of the 
connectivity between already fragmented 
habitats by reforestation is an important 
start. The protection of forest edges 
against structural damage, damage by fire 
and colonisation of exotic species are 
further methods for decreasing 
fragmentation. The protection of forest 
edges is possible by diversifying and 
promoting less intensive types of land 
use, managing the use of fire, minimising 
the application of toxic chemicals and 
controlling the introduction of plant 
species from outside the forest area (FAO 
State of the world’s forests 2003).  

Whilst realising that in a long-term, 
sustainable forest management is able to 
produce timber and marketable non-
timber forest products with an economical 
value, launching natural forest 
management, that considers the 
maintenance of biodiversity as important 
as the earliest possible financial benefit, 
would serve as the basis for anuran 
protection in Hungary. 
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