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Abstract:

Amphibian life histories are exceedingly sensitive to temperature and there are good evidences that recent
climate change may influence their growth, development and survival. The effects of water temperature
on growth, age and size at metamorphosis and survival were studied in larvae of marsh frog Pelophylax
ridibundus. Exposure of larval P. ridibundus to two different water temperatures (18 and 21°C) during an
experiment of 22 weeks of showed that larvae grown at high temperature, exhibited an earlier metamorphosis and the greatest snout to vent length (SVL). Also, our data showed that in larvae grown at relatively low temperature, the metamorphosis time was longer and the body size (SVL) was larger compared
with individuals metamorphosed at relatively high temperature. Although the results of the present study
showed that the temperature had significant effects on SVL (p<0.0001), size (p<0.001) and time (p<0.001)
to metamorphosis, no effect of temperature was detected on survival rate (p<0.88).
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Introduction
Declining of global amphibian populations is well
documented (e.g. Wake 1991, Stuart et al. 2008).
Various factors are known to cause such declines.
These include habitat loss and modification, introductions of non-indigenous species, over-harvesting, UV-B radiation, chemical contaminants, emerging infectious diseases, local and international trade
and climate change (Hayes et al. 2010). In the 1970s,
environmental biologists and atmospheric scientists
predicted that two significant human-induced environmental changes, global warming and ozone
depletion, could potentially affect the biology of a
wide array of plants, animals and microorganisms
(Blaustein et al. 2010). Scientists projected that
species might respond to these global changes by
altering their behaviour and by shifting their ranges. However, if they are unable to adapt to these
environmental changes, they may experience in-

creased mortality and significant sublethal effects.
Additionally, a number of scientists suggested that
global warming and ozone depletion will affect entire ecological communities (Cockell & Blaustein
2001). It is now undoubtedly clear that the Earth’s
climate is changing in response to anthropogenic
greenhouse-gas emissions. The recent report of the
Intergovernmental Panel on Climate Change confirmed a global mean warming of 0.6 °C during the
20th century and predicted a mean global temperature increase between 1.4 and 4.8 °C between 1990
and 2100 (IPCC 2007).

Temperature affects development and
growth of all living organisms. Populations of
ectotherm animals have a stronger dependence
on temperature because they do not have an efficient mechanism for physiological thermoregulation (Brattstrom 1963). Many research541
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ers have shown a strong relationship between
growth rate and temperature (Castañeda et
al. 2006, Bancroft et al. 2008, Gonçalves et
al. 2012). Higher temperatures are well known
to accelerate larval growth and development
(Hayes et al. 1993, Álvarez & Nicieza 2002).
Laboratory studies have shown a pattern in
which tadpoles develop and grow more slowly
but undergo metamorphosis with a larger body
size at low temperatures (Smith–Gill & Berven
1979, Hayes et al. 1993; Álvarez & Nicieza
2002, Sanuy et al. 2008). Moreover, the effects
of temperature on growth and development
may interact with other factors, such as food
availability (Álvarez & Nicieza 2002, Vaissi &
Sharifi 2016) and hydroperiod (Loman 2002).
Survival of larvae is also influenced by temperature in a complex way. For example, with
increasing temperature survival rates of larvae of the Pacific tree frog (Pseudacris regilla
Baird & Girard, 1852) at low density is high,
but at high density, is low (Govindarajulu &
Anholt 2006).
Due to high aridity, relatively few species
of amphibians occur in Iran: there are reports of
the presence of at least 21 species (Kami and
Baluch 1994). Pelophylax ridibundus is reported from all over Iran except from the south-east
and central deserts (Mohammadi et al. 2015).
The main purposes of this study are to examine
the influence of temperature on the (1) growth,
(2) development and (3) survival of the larval
stages of P. ridibundus.

Materials and Methods
Eggs from a single cohort of P. ridibundus were collected in Parvan (35º 58′ N, 49º 17′ E; 2320 masl),
Ghazvin Province, Iran. In the laboratory they were
placed in a chamber with controlled temperature and
immediately after hatching larvae (Gosner Stage 22,
N= 200) were exposed to two different water temperatures (18 and 21ºC) under a constant 12-hour
light/12 hours dark photoperiod. Each treatment was
replicated four times for a total of eight containers
(26 cm height and 13 cm wide), each filled with 3L of
dechlorinated tap water. Each container had 25 larvae. Larvae were fed with raw spinach: 3 g twice per
week during the first month, 4 g three times per week
during the second month and after the third month 4
g raw spinach and 4 g chicken gizzard four times per
week until the end of the experiment. We monitored
experimental containers daily and removed the bodies of larvae that had died. Containers were cleaned
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once a week during which time all tadpoles were
removed. Photos were taken with a digital camera
(SONY, DSC-HX9V, 3.6V) on a tripod at a fixed
height (30 cm). The larvae were put in a petri dish
which was located over latticed paper. Immediately
after photos were taken the larvae were released into
their containers. All pictures were analysed using
AUTOCAD software 2014. We measured the snout
to vent length (SVL, in mm). SVLs were calculated
by drawing a line from the tip of the snout to the tip
of the vent. Measurements were performed at days
7, 11, 14, 18, 21, 25, 28, 32, 35, 39, 42, 46, 49, 53,
56, 60, 68, 74, 83, 92, 101, 110, 118, 136, 157. After
the experiment was completed (experimental time:
157 days), the surviving tadpoles were returned to
the pond where they were collected.

Growth data for the SVL of P. ridibundus
were fitted to the logistic equation as follows:
Logistic equation = a / (1 + b × exp[-k×t] (,
where a is the asymptotic value, b is the growth
rate, exp is the exponent for natural logarithms,
k is the growth coefficient (shape of the growth
curve) and t is the time (age) in weeks. In order to define changes in growth patterns and
trajectories, we adopted an early differential
equation (Krebs, 1972; Sharifi and Vaissi,
2012) used as a description of logistic growth
as follows: dX/dt = rX (K - X) / K, where X
is the variable size at birth, t is the time, r is
the early exponential growth rate for the variable larval period and K is the upper asymptote
or maximal value of the variable X (SVL). The
early exponential growth rate (r) was determined as the slope of a line fitted to the variable
data in a graph in which the y-coordinate was
ln ((K - X)/K) and the x-coordinate was time
(Krebs 1972). Data were tested for homogeneity of variance and normal distribution with
the Kolmogorov-Smirnov and the Levene tests,
respectively. One-way ANOVA was used to
examine the effects of temperature on growth,
metamorphosis and survival of the test animals.
Post-hoc comparisons (Tukey tests) were used
to check for differences between means for the
two treatments. The significance level was set
at μ = 0.05. All data are expressed as mean ±
SD. The statistical program package SPSS (v.
16) was used for all analyses.

Results
The SVL at day 7 were approximately 3.25 ± 0.23
mm and 3.45±0.16 and had reached 23.21 ± 1.80
mm and 28.03±0.10 by the end of the larval period
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Table 1. Summary statistics of analysis on the effects of temperature on snout-vent length, size at metamorphosis, time
to metamorphosis and survival obtained for larvae of Pelophylax ridibundus at low and high temperature. SD: Standard
Deviation.
Source of variation

Low temperature
(Mean±SD)

High temperature
(Mean±SD)

P-value

Snout to vent length (mm)

23.21±1.80

28.03±0.10

0.001

Size at metamorphosis (mm)

23.92±1.85

20.31±2.52

0.001

Time to metamorphosis (day)

162.32±11.82

113.54±18.54

0.001

Survival (%)

33±19.14

35±18

0.88

Fig. 1. Average and one standard deviation of the snout to vent length during growth from day 7 to day 157 (A) and the
pattern of growth rate (B) (dSVL/dt) fitted to the growth values in Pelophylax ridibundus for the same period

in low temperature and high temperature, respectively (Fig. 1A). The growth rate pattern (Fig. 1B)
for SVL was rapid during the first seven weeks but
decreased rapidly at the end of the larval period.
Larvae at high temperature exhibited greater mean
growth rate for SVL as compared with those at low
temperature. Different rearing temperatures caused a
significant difference in size of larvae between temperature treatments (p < 0.001; Table 1). At the end
of the experiment larvae reared at 21ºC were significantly larger than larvae reared at 18ºC, based on
SVL (28.03±0.10 and 23.21±1.80, respectively; Fig.
1, Table 1).
Rearing temperature affected size of larvae of
similar developmental age, with larvae reared at a
lower temperature attaining larger size for developmental age than similarly developed siblings at
higher temperatures (23.92±1.85 and 20.31±2.52,
respectively). A lower rearing temperature also significantly increased the larval duration of P. ridibundus, slowing down developmental rate such that larvae reared at 18ºC required 25% more time to reach

Table 2. Parameters (P) obtained from fitted logistic
growth curve to the snout to vent length (SVL) of larval
Pelophylax ridibundus in low and high temperature treatments. A: asymptotic SVL (mm); K: growth rate constant
(d); R2: correlation coefficient; SD: standard deviation.
Low temperature
(SVL±SD)
K 0.03±0.001
A 25.35±0.26
R2 0.99

Equation P
Logistic

High temperature
(SVL±SD)
0.03±0.002
26.31±0.64
0.98

metamorphosis. Larvae reared at 21ºC metamorphosed at day 113.54±18.54, and those at 18ºC at
day 162.33±11.82 (p < 0.001). Survival rate at both
low and high temperature was low (33%±19.14 and
35 %±18, respectively). The results of our ANOVA
also showed that temperature had not significant effect on survival rate (p<0.88; Table 1). A summary of
growth parameters derived from the logistic model
fitted to various growth parameters is given in Table
2. The coefficient of determination for logistic model
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fitted to SVL values in low and high treatments were
0.99 and 0.98 respectively (Table 2).

Discussion
As expected, results obtained from our experiment
suggest that growth and development rates of P. ridibundus are influenced by temperature. Tadpoles
metamorphosed at an older age and larger body size
when reared at low temperature. In anuran populations, larger metamorphs may exhibit higher terrestrial survival since they can cope with different
stressors in their terrestrial habitats, such as predators
and desiccation (Reques & Tejedo 1997, Altwegg
& Reyer 2003). This experiment also confirmed a
general rule for ectotherms (Atkinson 1996): differentiation rates are more responsive to temperature
than growth rates (Smith-Gill & Berven 1979).
This impact of water temperature on metamorphic
timing and body size at metamorphosis is similar to
the temperature effects seen in other amphibian larvae. For example, larval anurans grown at cold temperatures take longer to develop but the metamorphs
are also larger than conspecifics grown at warmer
temperatures (Smith-Gill & Berven 1979, Voss
1993, Walsh et al. 2008).
This pattern of accelerated development
has been observed in both anurans (Voss 1993,
Álvarez & Nicieza 2002) and urodels (Beachy

1995, Hickerson 2005). Shorter larval periods can
increase chances of survival in environments such
as ephemeral ponds and streams by increasing the
chance of successful emergence from a pond that
is drying. For many species, however, a reduction in larval period also results in metamorphosis
at a smaller size (Morand et al. 1977, Wilbur &
Collins 1973, Werner 1986). This pattern suggests
a likely trade-off between rate of development and
growth, which might be exacerbated by an increase
in temperature .
Although the present study shows that survival
of larvae is not affected by high water temperature,
significantly shortened metamorphosis period and
larger body size at high temperature coupled with
other threatening factors, such as habitat loss and
degradation (Blaustein 2010), changes in the length
and date of seasonal ice cover (Loman 2009), changes in water balance (Merilä et al. 2000, Maciel &
Juncá 2009), altered nutrient cycling and productivity (IPPC 2007) and changes in stratification and
eutrophication (IPPC 2007), are likely to result in
significant loss of biodiversity in amphibians.
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