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2 or 3 samples were also fixed for scanning electron mi-
croscopy (SEM). Specimens for light microscopic exami-
nation were fixed in buffered neutral formalin or Bouin’s 
fluid, and in 2.5% glutaraldehyde in phosphate buffer for 
SEM. The stage at which hatching occurred at each tem-
perature treatment was also noted. Egg diameters and total 
body lengths (BL) of embryos and larvae at different stages 
were measured by an ocular graticule and correlations be-
tween size and temperature were studied. 

Size and developmental stage relative to age

Body measurements (head–body length, total length and 
tail length) were taken of a series of embryos and larvae 
fixed in Bouin’s solution and stored in 70% alcohol. Growth 
parameters including head–body length, total length, and 
developmental stage according to Gosner (1960) were 
measured at different times and stages. Sizes of embryos 
and larvae at a certain age were calculated from the average 
change in the length of larvae at different points of time. 
The developmental stages of embryos and larvae at certain 
ages were also calculated from the changes in developmen-
tal stages at different points of time.

Q10-calculation for developmental rate

The Q10-factor by which the growth and developmental 
rate increases when the temperature is raised by about ten 
degrees was measured at three temperature ranges (8–15, 
15–25, and 18–30°C). Based on the equation below, R1 is the 

measured developmental rate at temperature T1, and R2 is 
the measured developmental rate at temperature T2.
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Survival rate

After each part of the experiment, the percentage of larval 
abnormality was estimated, and the best range of tempera-
ture tolerance of larvae and embryos was determined from 
those that showed the highest survival rate (near 100%). 

The survival percentage in each temperature chamber 
was estimated by the number of normal samples divided 
by the total number of samples multiplied by 100, using the 
following formula:

Survival (%) = Number of normal embryos and larvae × 100
Total number of embryos and larvae  

(normal + abnormal)

Scanning electron microscopy (SEM) preparation  
and examination

Glutaraldehyde-fixed specimens for scanning electron mi-
croscopy were post-fixed in 1% osmium tetroxide, stained 
in 0.5% aqueous uranyl acetate, dehydrated in an acetone 
series, then critical-point dried, and coated with gold with 
a Polaron SC 515. They were then examined with a JSEM 
6400 scanning electron microscope. Morphological char-

Figure 1. Design of a thermostat-controlled aquarium providing a heat gradient. Circles with red dots mark eggs.
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acters of embryos and larvae including tail, cement gland 
and external gills were examined from different perspec-
tives over a magnification range of 24–400× and recorded 
with Image-slave for Windows (Meeco Holdings, Austra-
lia). 

Data analysis

The data obtained from the numbers and percentages of 
eggs, embryos and larvae were analysed with a One-Way 
ANOVA test, using SPSS version 11. Growth parameters 
such as embryonic and larval length, as well as develop-
mental stage at a given point of time at a certain tempera-
ture were analysed through multiple comparisons and ap-
plying Tukey’s procedure. All tests were conducted at a 5% 
level significance, and all data expressed as mean ± SD.

Results
Temperature, developmental stage and growth

Embryos developing at different temperatures (8, 15, 18, 25, 
and 30°C) showed a significant difference (p < 0.001) in the 
time required to reach stage 25. Developmental time de-
creased with increasing temperature (Fig. 2). At 8°C, eggs 
had developed to stage 25 after 280 hours, but after only 
52 hours at 30°C. Table 1 shows the details of the Q10-cal-
culation for the rate of development between temperature 
ranges of 8–15, 15–25, and 18–30°C. The Q10 for these ranges 
are 0.29, 0.31, and 0.24, respectively. The size of the sam-
ples increased with increasing time in colder water and at 
each developmental stage. Based on Gosner’s (1960) stag-
ing table, maximum development of the external gills was 
used as a landmark for stage 22, and the ratio of tail length 
to total length was used as a landmark for staging up to 
stage 22. We also used operculum appearance and exter-
nal gill disappearance as landmarks for staging from stage 
23 through 25, at which point of development the exter-

nal gill will be completely covered by the operculum. We 
found significant differences in the total size at stage 22 
between larvae that were reared at 8, 15, 18, and 25°C and 
those that were reared at 30°C (Tab. 2). Larvae kept at 30°C 
had the smallest length compared to the other experimen-
tal groups. Furthermore, at stage 25, significant differences 
in total size were only found between larvae reared at 8 and 
those raised at 30°C (Tab. 2). 

 

Temperature tolerance limits and survival rate

The majority of abnormalities (including a distorted tail, 
lack of cement gland development, abnormal mouth for-
mation, and abdominal swelling) were distinguished at 
each larval stage. Developmental arrest was also observed 
during the early stages of development (Fig. 3). According 
to the percentages of normal larvae per temperature cham-
ber at the end of the experiment, the optimal temperature 
range facilitating proper development of this species’ eggs 
and larvae was found to lie between 12 and 25°C (Fig. 4). At 
optimum temperatures, no abnormalities were observed, 
and the survival rate was approximately 100%, whereas op-
timum range survival rates decreased outside of this range. 
Eggs reared at about 0 and 40°C exhibited no development 
and no embryos survived. 

Discussion

Amphibians are amongst the most vulnerable animals as 
has recently been confirmed by the observation that their 
population decline is proportionally greater than in all 
other vertebrates (Beebee & Griffiths 2005, Blaustein 
et al. 2010). Although many factors such as chemical pol-
lution, pathogens, and habitat destruction impact on the 
diversity of amphibians (Wells 2007, Lopez-Alcaide & 
Macip-Rios 2011, Li et al. 2013), temperature could have 
substantial direct and indirect effects on these organism 

Figure 2. Graph comparing developmental stages relative to the age of eggs incubating at five different temperatures.
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as well. Even more at risk may be anuran species that live 
in arid and semi-arid regions and depend on temporary 
ponds for spawning (Sanuy et al. 2008, Blaustein et 
al. 2010). A problem is that research interests in climate 
change, and particularly the effects of temperature, have 
focused more on certain groups of marine organisms. 
Even where studies of high temperature have concentrat-
ed on freshwater organisms such as amphibians, the focus 
has usually been on adults or late-stage amphibian larvae, 
and information on the effects of temperature on the egg, 
embryo, and early larva is limited. Evaluations of the influ-
ence of temperature on animals should take into account 
all life stages, however. This is important because aquatic 
animals in general and water-dependent anurans at their 

developmental stages in particular are generally more sus-
ceptible to environmental changes than adults (Zweifel 
1968, Licht 1974). It is obvious that survival during the 
early developmental stages contributes greatly to the pop-
ulation size of a species, as well as to community structure 
and biodiversity. 

In our experiment, B. viridis eggs from early cleavage 
stage to stage 25 were exposed to a range of temperature 
levels (0–40°C). We chose these temperature levels because 
this species lives in ephemeral ponds and is exposed to 
highly variable temperatures in this specific environment 
(semi-arid regions with temperatures between 5 and 31°C 
during their active phase). Our results show that the op-
timum temperature range in which the eggs grew and de-

Table 1. Calculated Q10-results for developmental rates of B. viridis eggs (R1–R2 at T1–T2 in hours/stage) in different ranges of tem-
perature (T1–T2) from stage 10 through 25. R1 is the measured developmental rate/growth rate at temperature T1;  R2 is the measured 
developmental rate/growth rate at temperature T2. The duration of development is given from fertilized egg to stage 25 (h), the rate 
of development in hours/stage.

Temperature Duration Rate of development T1–T2 (°C) R1–R2 Q10

8 280 35.0 8–15 35–14.6 0.29
15 219 14.6 15–25 14.6–4.5 0.31
18 172 9.6 18–30 9.6–1.7 0.24
25 112 4.5
30 52 1.7

Table 2. Temperature effect on total size of B. viridis at stages 22 and 25. * – significant differences between larval size at T1 and T2.

p Mean size at T2 
(mm±SD)

Mean size at T1 
(mm±SD)

Temperature  
T2

Temperature  
  T1

Stage

0.999 5.46±0.65 5.47±0.73 15 8 22
0.250 5.39±0.47 18
0.742 5.42±0.75 25
0.001* 5.13±0.42 30

0.366 5.39±0.47 5.46±0.65 18 15 22
0.860 5.42±0.75 25
0.001* 5.13±0.42 30

0.919 5.42±0.75 5.39±0.47 25 18 22
0.001* 5.13±0.42 30

0.001* 5.13±0.42 5.42±0.75 30 25 22

1.000 7.42±0.89 7.42±0.92 15 8 25
0.357 7.35±0.81 18
0.999 7.38±0.93 25
0.006* 7.23±0.86 30

0.913 7.35±0.81 7.42 18 15 25
1.000 7.38±0.93 25
0.720 7.23±0.86 30

0.984 7.38±0.93 7.35±0.81 25 18 25
0.150 7.23±0.86 30

0.068 7.23±0.86 7.38±0.93 30 25 25
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Figure 3. SEM photograph of B. viridis larvae at stage 22. A) Lateral and ventral view of normal larvae; B, C, and D) Larvae with 
abnormalities afflicting tail, cement gland, external gills, and abdomen. Cg – Cement gland; Eg – external gill; N – nostril; Op – 
operculum; T – tail.

Figure 4. Survival in percent at different temperatures (range: 0–40°C) showing that the optimal temperature limits for development 
of B. viridis eggs and larvae lie between 12 and 25°C, within which the survival rate is nearly 100% and outside of which survival 
rate decreases.


