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Abstract: Habitat selection of common skipper frog [Euphlyctis cyanophlyctis 
(Schneider, 1799)] was studied by a sampling (covering all the three seasons) of 
data collection on six abiotic (size and depth of water body, air and water 
temperature, dissolved oxygen and free carbon dioxide) and three biotic (plant 
species richness, zooplankton species richness and zooplankton density) factors of 
three ponds in Chittagong, Bangladesh. The discriminant analysis, cluster 
analysis and paired t-test of total data revealed that the three water bodies 
functioned as separate systems. Of the nine factors, only four (AT, WT, FCO2 and 
Zp_den) had individual significant influence on the frog at least at one of the 
ponds. However, the maximum R2 value (0.712, p < 0.001) indicates that at least 
some important factors were not included in the investigation. 
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INTRODUCTION 

Amphibians are the only vertebrate with a biphasic life cycle (Stuart et al. 
2004), having to shift obligatorily during the metamorphosis from an aquatic 
larval stage to a terrestrial adult life (Pough 2004). Unfortunately, globally 
anuran populations are declining due to wide varieties of reasons, e.g., habitat 
loss and fragmentation, global environmental changes, proximate causes as 
emerging infectious diseases (Blaustein et al. 1994, Gibbons et al. 2000, Stuart 
et al. 2004), exotic species, ultraviolet radiation and environmental conta-
minants (Blaustein and Kiesecker 2002), etc. Although these causes are 
probably interacting synergistically, habitat degradation is considered by most 
amphibian ecologists to be the primary cause of this decline (Alford and 
Richards 1999).  

Recent publications reported 34 to 49 anuran species of seven families from 
Bangladesh (Asmat and Hannan 2007, Kabir et al. 2009, Hasan et al. 2014). 
Very few of those work dealt with in depth analysis of their ecological 
relationships. Understanding habitat requirements and habitat use of 
amphibians are major challenges in their conservation (Marsh et al. 1999, Harlet 
et al. 2006). Habitat selection of anurans is known to be influenced by 
environmental factors, like the abiotic temperature and pH (Banks and Beebee, 
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1987, Pope et al. 2000), and the biotic like the competitors, predators, and the 
degree to which resources are distributed spatially (Crump 1991, Daniels 1992, 
Nie et al. 1999, Lin et al. 2008, Indermur et al. 2009). Very recently, Akram et al. 
(2015) worked on the influence of some abiotic and biotic factors on the habitat 
selection of some anurans in Pakistan and Lemckert (2006) worked on the 
correlation between frogs and pond attributes in Australia. In Bangladesh, 
similar works are limited to only one publication by Chowdhury and Das (2014), 
and two unpublished research project (Das 2013, Shil 2014).  

The common skipper frog (Euphlyctis cyanophlyctis) is a common species in 
littoral part of both lentic and lotic waters (Gaston et al. 1997, Pyron 1999, Inger 
1999, Das 2008). This species also occurs in estuarine waters of various 
countries (Daniel 2002, Lalremsanga 2012). In Bangladesh, it is a common 
species of both lentic (even of forest water bodies of modest altitude) and lotic 
waters (creeks and streams of fresh and saline water) (Chakma 2009, personal 
observation at Moheshkhali and Nijhum Dwip - two islands of Bangladesh). The 
state of present knowledge on this frog is that the estuarine specimens will 
possibly be a separate species (Khan 1997, Alam et al. 2008, Joshy et al. 2009). 
In view of its euryecious nature, the present work on the habitat ecology of only 
the fresh water specimens was undertaken. 

 
MATERIAL AND METHODS 

The Chittagong University Campus (CUC) (between 22°27'25.69" and 
22°27'26.34" North latitudes, and 91°48'10.12" and 91°48'10.96" East 
longitudes) is situated in over 1754 acres hilly area (Chowdhury and Das 2014). 
The campus area, due to high elevation, was never affected by flooding. 
However, the campus has a good number of small perennial lakes and ponds, 
and several narrow hilly streams. The neighbouring lands of those water bodies 
frequently turned into temporary wetland because of comparatively greater 
amounts of rain characteristics of CUC. The summer extends from March to 
May, and is characterized by dry hot condition interrupted by occasional rains 
with north western storms and prevailing winds from the south west (Islam et al. 
1979). The monsoon, last from June to October, is humid and warm, with 
infrequent thunder storms, with high temperature and wind from the south-
east; about 90% of the annual rainfall occurs during this season (Islam et al. 
1979). The winter season, exist between November and February, is cold and dry 
with prevailing winds from the north-west, rainfall and humidity are lowest 
during this part of the year.  

Three study sites, with different extents of variations in habitat, were chosen 
considering, also, size, location and availability of frogs.  
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Site 1 (S1), the Science Faculty Lake, is a moderately large (2 acres) 
perennial water body with an average depth of 0.97 m. Floating and submerged 
aquatic weeds have luxuriant growth in this lake. 

Site 2 (S2), the Round Pond, is also a perennial water body with an area of 
0.59 acre and a mean depth of 1.9 m. It is frequently used for swimming 
practice. Due to high banks, runoff water does not enter this pond (Khan et al. 
2007). The shallow parts support lots of hydrophytes facilitating frog community 
to inhabit and seek shelter and food.  

Site 3 (S3), the Forestry Lake, is characterized by an almost flat basin, banks 
with the gentle slope, and hills on two sides. Total area of the water body is 
about 1.5 acres, and its mean depth is 1.1 m. The hill slopes have many planted 
teak trees. The physico-chemical conditions of S1 and S3 are significantly 
influenced by drainage from the hilly watersheds. Site 1, however, has additional 
problem from drainage from the laboratories of science departments.  

Habitat selection of Euphlyctis cyanophlyctis (henceforth abbreviated as Ec) 
was investigated in relation to six abiotic factors, viz., size and depth of water 
body, air and water temperature (AT and WT), dissolved oxygen (DO), free 
carbon dioxide (FCO2) and three biotic factors, viz., plant species richness (PSR), 
zooplankton species richness (ZSR) and zooplankton density (Zp_den) of three 
aforementioned water bodies of the CUC. From earlier knowledge and 
preliminary investigations it is known that Ec is active throughout the year. The 
study period, extends three practical seasons (summer, rainy and winter) 
(Ahmed 1968) of Bangladesh, was decided in view of the knowledge that this 
time includes the pre-breeding and post-breeding periods of the frog species. 
The study plan was based on collecting data on frogs (young to adult) and the 
ecological factors. The sampling months were January (mid winter), February 
(late winter), March (early summer), April (mid summer), August (mid rainy 
season) and September (late rainy season). Data were collected almost 
systematic random fashion with minimum six days interval. On each sampling 
day, recording of ecological factors of the three water bodies was completed 
between 0800 and 1200 hrs; whereas data on the frogs were taken on the same 
day between 1900 and 2300 hrs. The night sampling time for the frog data was 
decided in view of the concealing habitat of the frogs under vegetation cover. 
Light and sound disturbance was kept at minimum possible level for the same 
reason (Declining Amphibian Population Task Force 2001, ASIH 2004). The 
numerical data on the frogs were recorded studying 8-10 stratified sampled 
quadrates (1 m × 1 m) from each of the three water bodies. Field notes were 
taken in a standardized form adopted from Lips et al. (2001). The frog specimens 
were identified using morphological characters provided by Günther (1864), 
Boulenger (1890) and with the help of some recent research, viz., Balletto et al. 
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1985, Ford and Cannatella 1993, Dubois and Ohler 1995, Das and Dutta 1998, 
Chowdhury 2009). Breeding activities (copulation, foaming, tadpoles, etc.) were 
observed during breeding seasons but not included in this study, only adults 
available at a site have been considered for present research. 

Temperature was measured instantly by using the mercury thermometer 
calibrated from 0 to 1100C. Water depth and size were, also instantly, measured 
by using rope and measuring tape in meter scale. Dissolved oxygen and free 
carbon dioxide were measured, in the laboratory, by Winkler Modification of the 
Azide Method and Titrimetric Method, respectively (APHA 2005). The 
zooplankton analysis was carried out using Sedgwick Rafter counting Cell (APHA 
2005). All statistical analyses were done using the SPSS version 17.0. Canonical 
Discriminant Analysis of the data matrix (10 × 51 [n = 17 × 3 sites]) necessitated 
further correlations and regressions analyses done separately for each of the 
water bodies. 

 
RESULTS AND DISCUSSION 

An investigation was carried out to study the influence of nine environmental 
factors, mainly physico-chemical, on the habitat ecology of common skipper frog 
(Euphlyctis cyanophlyctis) of three water bodies of the Chittagong University 
Campus. Of the nine factors, seven fluctuated temporarily, hence designated as 
dynamic; the values of the rest two factors, Size and PSR, did not vary over time 
– thus were static. The data of the four dynamic factors and of the frog varied 
significantly among the sites (F values, Table 1). Canonical discriminant analysis 
(Fig. 1), cluster analysis, and paired t-test of total data of the three sites also 
made evident that each of them functioned as separate system, for which data 
analyses were carried out separately for the sites (ponds). The close proximity of 
the sites, situated within 2 km, might have caused some of their physico-
chemical parameters almost not fluctuating spatially, but differences in size and 
depth, topography and landscape, and light related effects, etc., which were not 
recorded in present study, possibly made each site operating as a unique system 
(Khan et al. 2007, Islam et al. 1979).  

Size wise the ponds were of the following sequence - S1 (8093.7 m2) > S3 
(6070.28 m2) > S2 (2375.8 m2). Depth wise the sequence was, however, different 
– S2 (range 1.49-2.37, mean 1.85 ± Sd 0.41 m) > S3 (0.81-1.49, 1.10 ± 0.30 m) > 
S1 (0.42-1.75, 0.97 ± 0.60 m) (Table 1). In all, 23 plant species were recorded in 
the margin of the ponds and part of the banks affected by water level 
fluctuations - the plant species number was roughly similar among the ponds  – 
13, 15 and 16, respectively for S1, S2, and S3 (Table 1). The densities of the 
plants of the ponds were apparently, from eye estimation, similar (Das, 2013, 
Shil 2014).  
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 The differences between AT (23 - 33°C) and WT (12 - 34°C) data was as 
expected, did not differ significantly, among the ponds (Table 1). However, the 
unusual wider range of WT, than that of AT, reasonably resulted from the 
limitation of the study period (January - April and August - September, 2014). 
The dissolved oxygen concentration (DO), considered the most important 
limnological parameter (UNESCO/WHO 1978), differed significantly among the 
three sites (F = 41.74***). The concentrations (mg/l) of this parameter ranged 
3.83 - 8.75, mean 6.83 ± Sd 1.65 at S2; 2.70 - 5.90, 4.62 ± 0.86 at S3, and 0.97 
- 5.50, 2.62 ± 1.40 at S1. The highest value at S2 is consistent with the water 
quality, depth (deepest among the three), poor organic matter (Khan et  al. 2007) 

 
 

 
                    Fig. 1. The discriminant analysis of factors of the three sites. 

 

in water, and, above all, the much higher abundance of Ec at the site. The 
lowest DO concentration was obtained at S1 which is virtually a hyper polluted 
(water colour is, generally, dark brown, indicating abundance of humic matter) 
and almost dead water body (Das, 2013; Shil, 2014). It is almost dry except for 

Canonical discriminant functions 

Function 1
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the rainy season; rooted macrophytes (both submerged and emerging) have 
engulfed the water body. S3 has a medium area and depth, and also a moderate 
DO concentration. This long, narrow and roughly rectangular water body is 
closed to domestic use. Apparently, it has got a medium water quality, indicated 
by water colour. It should be mentioned here that water colour indicates many 
things regarding limnological condition including trophic state (Wetzel 1975).  

On the other hand, the FCO2 values (mg/l) were almost similarly low, at all 
the three ponds (mean 1.38 ± Sd 0.68 at S1, 1.53 ± 1.30 at S2, and 2.13 ± 1.36 
at S3). This similarity of the parameter in the three ponds is, however, 
inconsistent with the differences of the water bodies as evident from the other 
limnological parameters - an interesting matter justifying further investigations 
on this aspect.  

Both species richness and density of zooplankton (no./l) were the highest in 
S1 (21, 103.53 ± 40.19); S3 had the medium values (13, 73.21 ± 19.06), while at 
S2 both values were the least (Table 1). The SR values of zooplankton were not 
consistent with the apparent water qualities of the water bodies, which indicate 
interesting possibilities that should be investigated. However, the SR and 
density were absolutely correlated in each of the three ponds (rZSR Zp_den = 1.00*** 
in S1, S2 and S3). 

 

 
 
Fig. 2. Percentage change of seasonal fluctuations of Ec population with respect to the population 

size of the preceding season at the three sites. 
 

The population of E. cyanophlyctis: The density of E. cyanophlyctis differed 
significantly at the three sites (F = 21.85 ***, Table 1). The density was higher at 
S2 (14 ± 7.83 per acre); values for S3 and S1 were lower, 10.00 ± 4.49 and 3.00 
± 1.90, respectively. Shil (2014) in another study on these ponds found similar 
pattern of fluctuations of Ec. The high value of standard deviation of Ec, as also 
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observed by Shil (2014), indicated the wide fluctuation pattern of this species in 
all sites. 

The occurrence of Ec decreased in all three sites in the monsoon (Rainy 
season) from that of the summer (hot and wet); it increased in the winter (cold 
and dry) only at S1 and S2, and then reached the peak at all sites during the 
summer (Fig. 2). This notable increase was due to the flocking, possibly a nature 
of the frog, after the first showers of the year in end part of the winter.  

Habitat ecology: As mentioned earlier, analysis of data was carried out 
separately for the ponds, because of the inference derivable from discriminant 
analysis and cluster analysis. The significance of the differences in the mean 
values of eight dynamic variables of the three sites was tested by Paired t-test, 
which also agrees fully with the conclusion derived from discriminant and 
cluster analyses. Size and PSR were automatically dropped, by default, in the 
subsequent analytic methods, as they were not varying (therefore static), having, 
hence, no influence on the dependent variable (Ec).  

Analysis of influence of the independent variables on the frog populations of 
the three sites revealed that five variables, viz., AT, WT, DO, FCO2, and Zp_den 
were the influential factors. Individually, AT was significantly influential, in both 
multiple regression and partial correlation, in all the three sites, whereas 
Zp_den, WT and FCO2 were each influential in only one of the three sites - S1, 
S2 and S3, respectively. Although, the DO was present in every significant 
combination of factors affecting Ec in all the sites, it was never individually 
influential. The combined influences of those five factors were, however, different 
among the sites - 70.3% (p < 0.01) at S1, 47.7% (p < 0.05) at S2 and 60.4% (p < 
0.01) at S3.  

The following equations from regression analysis indicate higher combined 
influences of some of the variables, supporting the earlier conclusion that the 
sites functioned independently, and also showing the phenomenon of factor 
interactions accountable, at least partly, for the varied influences on the frog 
species (Table 1). 
 R2 = 0.712*** (AT*, WT, DO, Zp_den**) in S1 (1) 
 R2 = 0.551** (AT***, WT*, Zp_den) in S2   (2) 
 R2 = 0.654*** (AT***, WT, FCO2*) in S3  (3) 

In view of the direct dependence of WT on AT (Sharma and Kumar, 2002)     
(r AT WT = 0.835*** at S1; r AT WT = 0.794*** at S2 and r AT WT = 0.799*** at S3), and 
in view of the positive correlation between AT and Ec at all the sites, the 
relationship between WT and Ec was deviatory. The influence of WT on Ec was 
significant only at S2, that too negatively (eqs. 4, 5 and 6). 
 r Ec WT● AT DO FCO2 Zp_den = –0.469 in S1 (4) 
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 r Ec WT● AT DO FCO2 Zp_den = –0.622* in S2 (5) 
 r Ec WT● AT DO FCO2 Zp_den = –0.327 in S3 (6)  

This contradictory finding on the influence of AT and WT on Ec possibly 
resulted from the fact that the frog species passes, being a lung breather, most 
of the day on littoral vegetation of water bodies (Lalremsanga 2012), hence is 
reasonably more influenced by AT than WT. The insignificance of WT on Ec 
could also, possibly, have resulted due to the basic fact that diurnal water 
temperature varies comparatively much lesser than that of AT. However, the 
equations (r Ec WT● AT DO FCO2 Zp_den = -0.469; r Ec WT● AT FCO2 Zp_den = -0.602*; r Ec WT● AT 

DO FCO2 = -0.669**) for S1, where the influence of WT on Ec was significant 
(negative), indicate the result of factor interactions in the ecosystem. 

The influence of dissolved oxygen on Ec was not significant at any of the 
sites (Table 1). This is consistent with the fact that Ec is a lung breather and the 
present work was based on only adult frogs. It, however, should be mentioned 
here that the density of Ec was highest, among all the sites, at S2 which had the 
highest concentration of DO (Table 1). Khan et al. (2012), Chowdhury and Das 
(2014) and Akram et al. (2015) pointed out the influence of DO on the 
population change of Ec. Presently, with total data, the influence of DO was not 
significant at any of the sites. However, analysis with only the summer data, 
when peak abundance was obtained, shows significance (p < 0.001) of DO at two 
of the sites. The increase of Ec in March to April, could have been the result of 
breeding in late winter (February 2014) after the first showers (200 mm of 
rainfall in February; Bangladesh Meteorological Department), and the time 
period required for the larval metamorphosis to young frogs. Similarly, FCO2 was 
also not a very influential factor as it was found to have significant influence on 
Ec at S3 only.  

Like FCO2, zoo plankton density had also little influence on Ec. The 
correlation was significant only at S1, where frog density was the least (Table 1). 
This observation is consistent with the fact that the present work dealt with only 
the adult frogs, at which stage of life the species is a predacious one (Mohanty-
Hejmadi and Acharya 1979, Das and Coe 1994). Earlier workers (Das 1994; 
Khan 2000) reported that the tadpoles of Ec are mainly organic matter and 
benthic feeders (Khan and Mufti 1995). Hence, the only significant relationship 
obtained at S1 appears to be not generally indicative, and could have been a 
stray incidence of the effect of factor interactions.  

Summarizing, each of pond functioned as a separate system. Of the nine 
abiotic and biotic factors included in the analyses, only four (three abiotic and 
one biotic), viz., AT, WT, FCO2 and Zp_den, were found to have some, at least in 
one of the three ponds, influence on Ec. AT had significant influence in all the 
three ponds (maximum 54% at S2,  r = 0.737**, Table 1). The influence of AT on 
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Ec has also been recognized by other workers (Boulenger, 1920; Dutta and 
Mohanty-Hejmadi 1976, Jangir 2005). The other three, viz., WT, FCO2 and 
Zp_den, were significant only each at one of the three ponds - 39, 31 and 44% in 
S2, S3 and S1, respectively (Table 1). The following pairs of equations show the 
variable nature of the influences of these factors on Ec, and the phenomenon of 
factor interactions in ecosystem. 
 r Ec Zp_den● AT WT DO FCO2 ZpSR Depth = –0.057  
 r Ec Zp_den● AT WT DO FCO2 = 0.665, p < 0.05  
 r Ec WT● AT DO FCO2 ZpSR Zp_den Depth = –0.468  
 r Ec WT● AT DO FCO2 Zp_den = –0.622, p < 0.05  
 r Ec FCO2● AT WT DO ZpSR Zp_den Depth = –0.462  
 r Ec FCO2● AT WT DO Zp_den = –0.555, p < 0.05  

 

The following workers recorded the influences of the above mentioned 
factors; for instance, Khan and Malik (1987), Jangir (2005), Lalremsanga (2012) 
and Narzary and Bordoloi (2012) mentioned the influence of WT, and that of 
FCO2 by Shaikh et al. (2014) and Narzary and Bordoloi (2012). The influence (r2 
= 44%), though only at S1, of Zp_den on Ec is an interesting finding of the 
present work. No earlier works recorded the inclusion of zooplankton in the food 
menu of adult Ec. The matter deserves special attention in future works. 
Chowdhury and Das (2014) reported the influence of DO, WpH and Depth on Ec. 
Their work was on five sites (one rice field, three ditches, and one pond), and on 
only for the winter season. The difference in the two findings might have cropped 
up from the facts that the former work was based on analyses with total data of 
all the sites (not separately), that the present work included data of the other 
two seasons (summer and rainy season), and that presently the data analyses 
were done separately for the ponds. This suggestion finds support in the 
observation of Rittenhouse (2007) and Lemckert et al. (2006) - the habitat 
selections can be changed with environmental conditions. Though DO was found 
to be influential in the ecology of Ec by Khan et al. (2012) and Akram et al. 
(2015), it was not at all an influential factor, as explained earlier, in any of the 
three present sites. The highest total influence of the abiotic and biotic factors, 
included in the present work, on Ec was 69% (Table 1), which indicates that 
further study on the of Ec should be widened incorporating other related 
ecological factors.  

 
CONCLUSION 

Of the presently investigated abiotic and biotic factors, viz., AT, WT, DO, 
FCO2, ZSR, Zp_den, size, depth, and PSR, AT appeared to have relatively more 
influence on the density, abundance, biological activity, and overall ecology of 

in S1 

in S2, and 

in S3 
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Ec. This observation needs to be further investigated undertaking a work on 
more and much diversified water bodies inhabited by Ec. 
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