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Abstract

:

Seasonal fluctuations in adult Euphlyctis cyanophlyctis density were recorded in two permanent ponds in Southeastern Bangladesh. From a two-year dataset of seven habitat parameters, the seasonal suitability of two different pond habitats was examined to understand these fluctuations of frog density. The combined influence of the parameters on the density was significant in all three seasons. One combination was found to be optimal: water temperature of 24 °C, a pH of approximately 6, and a water depth of 2.29 m. These conditions supported more than 24 frogs per acre in the round pond. In the forestry pond, the optimal parameters were a water temperature of 27 °C and a water depth of less than 1 m, which accommodated 27 frogs per acre. The result indicates that a slight increase in any of these parameters was found to sharply lower the accommodation capacity of the studied ponds to less than half of the aforesaid densities, especially in the rainy season. During this season, the adults were found to breed in the small waterholes adjacent to the ponds. This may be the response of anuran to temporal unsuitability, for example, the depth of water and the pH of the permanent ponds.
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1. Introduction


Studies on amphibian populations and habitats have become a major research interest of ecologists in order to uncover the reasons for the rapid extinction of amphibians globally [1,2]. How amphibian populations behave over a short period, viz., seasons, in a variety of habitats has also been studied [3,4]. The seasonal conditions of habitats can explain anuran population fluctuations [5]. Moreover, unfavorable habitat conditions may affect the metamorphosis of tadpoles [6], which may cause the low abundance of a population [7]. This can lead to the sudden extinction of amphibians in a habitat [8]. Synergistic interaction of parameters, pathogens, and warm–dry environments was associated with the sudden decline of Atelopus ignescens in inter-Andean valleys [9]. For amphibians, basic conservation activities should focus on preventing changes in suitable habitat conditions that result in poor accommodation capacity of a habitat.



Being amphibious, aquatic parameters play an important role in every part of the anuran life cycle. Water temperature has a profound influence on development and growth in the embryonic and larval stages of anurans [10,11]. Embryos at constant temperature (15 °C) hatched earlier than those in fluctuating temperatures (4 °C to 15 °C) [10]. For breeding, the adult anurans usually select habitats with suitable parameters. For example, Bufo calamita choose breeding sites with a pH above 3.8 (3.8–6.9) [12]. Dissolved oxygen also influences the choice of breeding pools [13]. Pearman [14] studied the multilevel influence of the size of the water body—calculated from the pond surface area and depth—on tadpole populations of Rana clamitans. Increased area and depth of the water bodies led to lower survival in tadpoles of this species [14].



In Bangladesh, about 20% of amphibian species are categorized as threatened, and the biggest threat is habitat alteration [15]. However, studies on amphibian habitats and populations in Bangladesh are limited [16]. The largest portion of the recently published research has focused on genetic analyses [17], description of new species [18], or work on amphibian communities in a specific locality [19]. Those studies have enriched the list of amphibians of Bangladesh by adding more than 23 new records in the last 15 years [15]. Of the anurans, the common skipper frog, Euphlyctis cyanophlyctis (Schneider, 1799), is a species complex [17,20]. Seven new species have already been described; they were previously included under the single taxon E. cyanophlyctis [18,21,22]. In our study, we considered the lentic-occurring E. cyanophlyctis. This aquatic frog is active both day and night all around the year, and they usually inhabit any water body. Adults are voracious feeders of surface insects, and tadpoles are organic component feeders from the bottom of the water body. Adult breeds mostly in the rainy season (July through September) [15]. The population dynamics of this freshwater skipper frog is unknown [15]. A wide fluctuation in the population of the common skipper frog with a lack of sightings was recorded in seven different water habitats in southeastern Bangladesh in 2013 [23] and three in 2014 [24]. Another study in 2015 recorded similar absences and wide population fluctuations of this species (0–51 individuals/acre) in three ponds in the same area [25]. To understand this phenomenon, we studied seven habitat variables of those ponds in 2013 and in 2015.



In the present study, we analyzed the influence of habitat variables on the accommodation capacity of two permanent pond- habitats. We will test the hypothesis that variations of the variables shape the seasonal suitability of the habitat and the seasonal density of adult frogs as the response variable. Moreover, we compared the habitat suitability based on the cumulative influence of the variables between breeding seasons and non-breeding seasons.




2. Materials and Methods


The study area, Chittagong University Campus, includes over seven square kilometers of land between 22°27′25.69″ and 22°27′26.34″ N and between 91°48′10.12″ and 91°48′10.96″ E. This area—situated in Hathazari Thana of Chattogram division in Bangladesh—includes the hilly terrain of the Sitakunda hill range and plains [26] (Figure 1). Two permanent water bodies were selected to represent the perennial lentic water bodies of this area. Structurally, both ponds have a steep bank, though some eroded parts of the bank formed slopes. The depressions surrounding these water bodies and the poorly maintained drainage frequently turn into temporary waterholes [26] in which E. cyanophlyctis can be observed during the monsoon season. The littoral sediments of the ponds are predominantly sandy with clay [27]. The land adjacent to the ponds is mainly used for plantation.



2.1. Site-1 (Round Pond)


This study site is a round perennial pond (22°27′58.1″ N 91°47′31.4″ E) with a surface area of 0.59 acres and 55 m diameter. The mean depth is 2.55 m, and the edges are vertical. An exit pipe expels excessive water. The bank is heavily vegetated by native shrubs along with planted coconut (Cocos nucifera) and mahogany trees (Swietenia mahogany). Rainfall and seepage are the main sources of the refill.




2.2. Site-2 (Forestry Pond)


This is a triangular pond (22°27′44.3″ N 91°47′46.6″ E) of 1.5 acres in size with a mean depth of 0.79 m. The bank of this pond is characterized by a hill slope with planted teak (Tectona grandis) and dense undergrowth of climbers and shrubs on one side. The ornamental plant false ashoka (Polyalthia longifolia) dominates another side. This pond also has a pipe to expel excessive water.



The area is subject to a tropical maritime climate with three main seasons: a humid summer from March to May, a tropical Monsoon from June to October, and dry winter from November to February [28]. The semi-evergreen forest of the campus consists of 665 plant species from 126 families and 404 genera [29].




2.3. Data Collection


We spent two to four days of every month collecting field data in 2013 and 2015. We maintained a minimum seven-day gap between two observation days, except September 2013, in which only one observation was made. Both ponds were sampled on each observation day. A total of 62 observations were considered, which covered the three basic seasons in Bangladesh (Supplementary Table S1). Of these, 16 observations were from summer, 30 from the rainy season and 16 were from winter. Seven habitat parameters were measured between 10:00–15:00 h of each observation day.



Temperatures were measured in the field by using a mercury thermometer calibrated from 0 °C to 110 °C, and pH was measured using an EZODO 6011 pH-meter. Dissolved oxygen was measured in the laboratory in milligrams per liter (mg/L) within 20 min of collection following the Winkler Azide method [30]. Plant species richness was determined by recording bank vegetation, and the macrophytes were identified to the species level using published keys [29]. The surface area and depth of the ponds were measured once a month using rope and measuring tape. During each observation, disturbance of the frogs was minimized by using a weak light beam, avoiding loud sounds, etc. A few specimens were collected and identified by following the taxonomic references of [31,32,33,34]. After identification, specimens were released to the source ponds. Individuals of Euphlyctis cyanophlyctis were counted by direct observation from after dusk until midnight (18:00–24:00) every observation day. Adult E. cyanophlyctis density (Ec_Den, number of adult individuals per unit area) was calculated from the total count of the frogs in the pond during each observation divided by the area of the pond. Due to low population size, the calculated frog population density per square meter was less than one, and hence we had to consider an “acre” as a unit area to express population density. Any observation regarding breeding activity, advertisement calls, and the presence of tadpoles were recorded for both ponds.




2.4. Analysis and Modeling


The dataset of each pond was split into seven subsets. Three seasonal sub-datasets were analyzed in pairs, e.g., summer–rain, rain–winter, and winter–summer. Breeding season and non-breeding season datasets were analyzed to identify the differences between these two habitat states. Similarly, habitat states that supported population densities above the yearly mean values were denoted as the favorable habitat state, and the rest were denoted as unfavorable habitat states. A discriminant model was used to differentiate the habitat states at each site. The discriminant value of a parameter above 0.3 was considered as effective discrimination. The false-negative prediction of each discriminant model was recorded as sensitivity, while specificity was recorded to obtain the false positive prediction. Cross-validation value will indicate the prediction success of each model. These properties were analyzed to describe the contrast of the habitat states. Linear regression analysis was used to determine the combined influence of the studied factors on the fluctuation of the population density. To assess differences among sites and seasons, we used a two-sample t-test with an unequal variance of the frog density data. IBM® SPSS® statistics 23.0 was used for statistical analyses.





3. Results


Seven habitat parameters (n = 62), i.e., air and water temperature (AT and WT), pH, dissolved oxygen (DO), depth and size of the water body (Depth and Size), plant species richness (PSR), were used as predictors and the density of the adult Euphlyctis cyanophlyctis (Ec_Den) was used as the response variable. These were analyzed to understand the relationship between the predictors and the frog density.



3.1. Studied Ponds


The fluctuations of air temperature (AT) were indistinguishable (p > 0.05) between ponds, while the temporal fluctuations of the remaining five predictors differed significantly between sites (Table 1). The discriminating analysis of the total data matrix (7 parameters × 62 observations × 2 sites) gave a clear indication of site-wise clustering of data (Figure 2). Ponds were distinct with no overlapping of observations with respect to discriminant function 1, which consisted of a significant contribution of pH and depth of the water body. The seasonal values of parameters in both sites were arranged similarly (Figure 2). Observations were partially overlapped as per discriminant function 2—significant contribution of temperature parameters. The sensitivity of the models documented the extent of this overlapping (Table 2). For instance, discrimination analysis found that 30% of the observations from the summer were statistically similar to the observations from the following rainy season in the round pond. The amount of similar false-positive seasonal observations from the forestry pond was 0%–20% (Table 2).




3.2. Fluctuations of Frog Population


The yearly mean population density of the common skipper frog (Ec_den) was 15 frogs per acre at both sites. The studied frog population was below the yearly mean value in 44% of observations in the round pond and 32% observation in the forestry pond, and there were notable wide fluctuations with zero values (Table 1). The frog densities at a site differed significantly between any two seasons. Summer at both sites had a higher density of frogs than the other two seasons, and the lowest population was recorded in the rainy season at both sites (Figure 3). The monthly population curve rose twice in a year, i.e., in early summer (March onwards) and again in early winter (October onwards). Due to the higher accommodation capacity, the second and last quarters of the year were denoted as favorable habitat states for analysis (marked in Figure 3). The Ec_den was low, and frequently zero occurrences of frogs were recorded during the third quarter of the year, which was selected as an unfavorable habitat state.



The population differed significantly between seasonal habitat states as well as between the aforesaid habitat conditions (favorable and unfavorable). The monsoon season, July to September, is the breeding season of the common skipper frog [35,36,37]. Population sizes in the breeding season and the non-breeding season differed significantly in the round pond, while in the forestry pond, the difference was insignificant, although the population size was lower in the breeding season at both sites.




3.3. Discriminant Parameters between Habitat States


The cumulative influence of the parameters of seasonal habitat states of each site on the frog density in the respective season was significant (p < 0.05), except during winter–summer in the round pond, and rain–winter in the forestry pond (Table 2). In the rainy season, pH and depth values were higher than the values in summer at each site. The water depth of both ponds increased in the monsoon and decreased during the dry season. In addition, higher water temperature and more plant species in the summer and rainy seasons were the discriminating factors between these seasons and winter at both sites (Table 2).



Analysis of favorable and unfavorable habitat states revealed that WT, pH, depth, and PSR were the most discriminating parameters between these two density-depended habitat states in the round pond. In forestry pond, WT and depth contributed significantly to the disparity between these two habitat states. High frog density was associated with the lower numerical values of WT, pH, depth, and PSR in the round pond and water depth in the forestry pond (Table 3). Similarly, lower values of the abovementioned parameters in the non-breeding season could accommodate a comparatively higher density of frogs than in the breeding season. Specifically, a habitat of 24 °C means water temperature with around pH 6 and 2.29 m mean water depth in the round pond was associated with a high frog density (24 frogs per acre). In forestry pond, 27 frogs per acre were recorded in a habitat with less than 1 m mean water depth and an average 27 °C water temperature. These two combinations were the optimum combination in studied ponds. On the other hand, 26–35 °C WT, pH less than 6, and a pond with a depth greater than 3.5 m with dense growth in the littoral zone were found to have a negative impact on the population during the breeding season in the round pond.





4. Discussion


The analysis of seven parameters showed that both ponds in the current study were distinctly different, and hence they function as different systems (Figure 2). In spite of the difference in size and shape of the ponds, the density of plants in the littoral zone appeared to be similar in both ponds [23,25]. Within a site, the discriminating factors between seasonal habitat conditions demonstrated that the same factor did not characterize the habitat in every season, and each factor has differing effects on the frog population throughout the year (discriminating factors in Table 2). Similar to the present observations, low densities of this species have been described in the eastern and western corners of its range (5–10/acre in Islamabad, Pakistan, [13,38]; 10–14/acre from Chittagong, Bangladesh [39]), but the frog is widely distributed [15,40,41,42].



In the current study, the population increase in early summer was due to the tendency of this frog to flock to the permanent water bodies after the less active winter season and the first showers of the year, cf. [24]. Our data support the conclusion that the depth of the water in early summer is comparatively low, and the adults of this species prefer the littoral zone over deep water [37]. The littoral macrophytes are a favorable location in which the adults can hide and lay eggs [43]. In the present study, slightly higher values of temperature, pH, and depth in the rainy season compared to that of summer were found to have a negative impact on the adult frogs. Though the ambient temperature was above 30 °C during summer and the monsoon season, the depth of the water rose close to four meters in the round pond and two meters in the forestry pond during the rainy season. During this season, heavy rainfalls increase the depth of water rapidly, and due to the straight banks, the shallow littoral zone is further submerged. The soil minerals are washed away and mixed into the pond water, which may increase turbidity and pH [27]. Khan et al. [27] recorded almost neutral pH (6.86–7.80) in the round pond, which matched with the pH values recorded in the rainy season in the current study. In forestry pond, this parameter also increased during the monsoon season but remained below six. Amphibian abundance has a clear negative correlation with low and high pH values, which may affect the population size [44]. Increasing the pH in the studied ponds might change the habitat suitability, making it uncomfortable for adults [2], especially during the rainy season [5]. In round pond, the littoral plants may provide shelter to the adult in increasing depth in the rainy season, and hence PSR is an influential variable for the suitability of the habitat of E. cyanophlyctis in this pond. In contrast, the floral richness is not necessarily influential in the forestry pond as this pond has shallow water depth (0.34–2.10 m). Data on predation was limited to a couple of sightings. Of the 62 sampling days, we found only two predation events of water scorpions (Nepa sp.) on young skipper frogs from the studied ponds [20]. Previously, water bugs (Lethocerus spp.) were known to be predators of larval and adult anurans, including E. cyanophlyctis [45,46], but were not found in the present study sites. There was no fish at either site. More habitat parameters need to be examined to precisely understand the seasonal habitat in the ponds.



During the breeding season, the advertisement call and tadpoles were absent from the permanent ponds, though the breeding activities and advertisement call of E. cyanophlyctis in other permanent ponds were well documented [47,48]. Contrastingly, breeding activities and successful development of tadpoles were also witnessed in small waterholes, ditches and paddies, and roadside drains in the current study area [49,50]. The advertisement calls of this anuran were mostly recorded from the shallow and temporary water bodies in the Chattogram division [50]. Previous studies recorded a higher density of the common skipper frog (10–1002 individuals per acre) in four shallow water bodies than that in three permanent ponds (3–558 individuals per acre) within the current study area [23]. Those shallow waterholes are used as the breeding site for six anurans, including E. cyanophlyctis [39]. Contrasting to the present study, the pH of those water holes fluctuates between 6 and 7, and the depth is always less than 1 m [39]. These features of the temporary water holes are preferred by breeders, which are absent in our study ponds. Those temporary forms of shallow water bodies (lasting until early winter) appeared due to accumulating rainwater, and they were observed to be a refuge for the adults and had successful tadpole growth. Tadpoles of this frog prefer shallow water to facilitate their feeding habit [37]. Before the disappearance of those temporary waterholes, the completion of metamorphosis can be explained by the plasticity of the amphibians [51]. In winter, those temporary shallow habitats dry out, and the adults migrate to the permanent water bodies such as our study ponds. This reflects the increase in the population density in the study ponds and causes the second population increase in both ponds (Figure 3). Our findings suggest that in the rainy season, both ponds should be considered temporarily not suitable habitat. The failure of permanent ponds to provide a suitable breeding environment has not been described before in Bangladesh.



The use of temporary water bodies for a short period in the life cycle of the skipper frog helped it to overcome problems with the unsuitable condition of the permanent habitats [52]. Both ponds and temporary waterholes received a similar amount of human stimuli, e.g., situated within ten meters of a road with a limited vehicle and human movement. In addition, minimal amounts of swimming take place in the round pond. Unlike permanent ponds, the temporary water holes are subject to frequent human-induced landscape changes, which may impact frog abundance [53]. The number of temporary waterholes is decreasing in number due to plantation activities, construction, and land alteration in the study area as well as in the rest of Bangladesh [54,55]. Our study has pointed out that protecting the temporary habitats might create a refuge for the frogs during the temporary unfavorable conditions of the permanent water habitat [52].



Out of the 49 amphibian species occurring in Bangladesh, 33% are under threatened and data-deficient statuses [15]. In the latest red list assessment, four aspects of the population category were assessed: generation length, total population, number of subpopulations, and population trends. These categories were noted as “not known” in the case of every amphibian in Bangladesh [15]. This assessment indicated the absence of research on amphibian population dynamics and the detailed description of the associated habitats in Bangladesh. A similar scenario is present in many countries, which causes misleading conservation statuses of the species [9]. Amphibian taxa have a high risk of extinction largely due to habitat-related reasons [56]. Our findings highlight that adult Euphlyctis cyanophlyctis select shallow water bodies to breed. Moreover, in order to assess the conservation status of a species accurately, we suggest (i) details of the fluctuation of a population, and (ii) responsible states of microhabitat must be considered [57]. Studies on habitat–population relationships that consider more parameters may better explain the influence of habitat conditions on anuran population fluctuation.




5. Conclusions


The present study concluded that permanent water bodies provide suitable habitats for Euphlyctis cyanophlyctis, but these become unfavorable in their breeding season. The variation in the parameters of the permanent habitat during the rainy season may have an effect on its accommodation capacity. The impact might be a synergistic influence of temperature, pH, and depth of the water or individual effects of any of these factors. In the rainy season, adults take refuge in ephemeral water bodies, which are, in turn, vulnerable to anthropogenic disturbance. We suggest maintaining some temporal waterholes adjacent to the permanent habitat to compensate for the impact of the seasonal deformation in those habitats on adult frogs. We also suggest that the seasonal population density of a frog species should be identified besides its annual population status. Similar studies are needed for the understudied amphibians of Bangladesh, and such works in combination may help to improve conservation efforts.
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Figure 1. Map of Bangladesh and the location of the study area (asterisk) in the Southeastern Division of Bangladesh with a close view of the ponds. Inset: the common skipper frog (Euphlyctis cyanophlyctis). 
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Figure 2. Scatter plot of 62 observations with two canonical discriminant functions (log scale display). Function 1 = 0.177 AT − 0.063 WT + 0.479 pH* + 0.336 DO + 0.867 depth* − 0.035 PSR. Function 2 = 0.426 AT* + 0.772 WT* − 0.522 pH + 0.244 DO − 0.074 depth − 0.257 PSR. * = p ≤ 0.05. 
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Figure 3. Monthly mean abundance of Euphlyctis cyanophlyctis in the round pond (A) and in the forestry pond (B). Width of the boxplot is proportional to the number of observations. The horizontal line presents the mean annual population density. 
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Table 1. Habitat predictors and the density of Euphlyctis cyanophlyctis in two ponds.
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Parameters

	
Round Pond

	
Forestry Pond

	
Differences between Ponds




	
Range

	
Mean ± SD

	
Range

	
Mean ± SD

	
t-Value

	
p Value






	
Size (m2)

	
2375.83

	

	
8093.7

	

	

	




	
AT (°C)

	
24.00–35.00

	
30.50 ± 3.05

	
24.00–35.00

	
30.27 ± 3.00

	
0.42

	
p > 0.05




	
WT (°C)

	
13.00–34.50

	
27.04 ± 5.74

	
13.00–34.50

	
24.29 ± 6.41

	
2.52

	
p < 0.05




	
pH

	
4.89–7.90

	
6.39 ± 0.74

	
4.15–7.10

	
5.13 ± 0.57

	
10.67

	
p < 0.001




	
DO (mg/L)

	
3.29–8.90

	
6.96 ± 1.55

	
2.50–6.97

	
5.05 ± 1.01

	
8.15

	
p < 0.001




	
Depth (m)

	
1.77–3.79

	
2.54 ± 0.47

	
0.34–2.10

	
0.95 ± 0.47

	
18.92

	
p < 0.001




	
PSR

	
13.00–28.00

	
19.79 ± 5.97

	
15.00–37.00

	
26.27 ± 7.73

	
−5.22

	
p < 0.001




	
Ec_den (no./acre)

	
0.00–39.00

	
14.79 ± 10.44

	
0.00–51.00

	
14.70 ± 13.13

	
0.05

	
p > 0.05








AT = air temperature, WT = water temperature, DO = dissolved oxygen. PSR = plant species richness. Ec_den = Euphlyctis cyanophlyctis density.
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Table 2. Properties of the statistical models applied to discriminate the seasonal and selected habitat states of two studied ponds and the differences (two-sample t-test with unequal variance) in the abundance of Euphlyctis cyanophlyctis.
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Sites

	
Discriminate Habitat State

	
Population Change

(p ≤ 0.05)

	
Influence of Habitat Variables on Ec_den

(p ≤ 0.05)

	
Discriminating Factor (Standardized Coefficient > 0.3)

	
Effect Size of the Model

(p ≤ 0.001)

	
Sensitivity (%)

	
Specificity (%)

	
Cross-validation (%)

	
Observations (n)






	
Round Pond

	
Summer

and rainy

	
Decreased

	
Yes

	
Depth, pH, WT

	
64.64

	
68.8

	
93.3

	
84.8

	
46




	
Rainy and winter

	
Increased

	
Yes

	
WT, pH, DO, AT

	
84.64

	
100

	
93.8

	
97.8

	
46




	
Winter and summer

	
Decreased

p > 0.05

	
No

	
PSR, DO, WT, AT

	
78.32

	
100

	
81.3

	
90.6

	
32




	
F 1 and

UF 2

	
Decreased

	
Yes

	
pH, Depth, WT, PSR

	
40.96

	
74.4

	
84.2

	
77.4

	
62




	
NBS 3 and BS 4

	
Decreased

	
Yes

	
pH, WT, Depth

	
64.32

	
82.9

	
92.6

	
87.1

	
62




	
Forestry Pond

	
Summer

and rainy

	
Decreased

	
Yes

	
Depth, pH

	
63.20

	
81.3

	
80.0

	
80.4

	
46




	
Rainy and winter

	
Decreased

p > 0.05

	
No

	
Depth, AT, WT

	
79.21

	
96.7

	
87.5

	
93.5

	
46




	
Winter and summer

	
Increased

	
Yes

	
PSR

	
83.17

	
100

	
93.8

	
96.9

	
32




	
F 1 and

UF 2

	
Decreased

	
Yes

	
Depth, WT

	
55.95

	
95.0

	
72.7

	
87.1

	
62




	
NBS 3

and BS 4

	
Decreased

p > 0.05

	
No

	
Depth, WT

	
60.68

	
85.7

	
81.5

	
83.9

	
62








Ec_den = density of Euphlyctis cyanophlyctis, 1 and 2 = favorable and unfavorable habitat states, 3 and 4 = non-breeding and breeding season habitat states.
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Table 3. The mean and standard deviation of the influential parameters and their cumulative influence on the frog density in the selected habitat states of each pond.
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Round Pond (Mean ± SD)




	
Habitat States

	
WT

	
pH

	
Depth

	
PSR

	
Ec_den

	
Adj. R2




	
Favorable habitat

	
24.05 ± 4.33

	
5.92 ± 0.57

	
2.29 ± 0.22

	
17.37 ± 3.27

	
24.14 ± 9.85

	
0.542 *




	
Unfavorable habitat

	
28.37 ± 5.83

	
6.60 ± 0.71

	
2.65 ± 0.51

	
20.86 ± 6.59

	
10.66 ± 6.73

	
0.370 ***




	
Breeding season

	
30.96 ± 2.10

	
6.97 ± 0.53

	
2.86 ± 0.49

	

	
9.17 ± 6.94

	
0.568 ***




	
Non-breeding season

	
24.02 ± 5.85

	
5.94 ± 0.54

	
2.29 ± 0.25

	

	
19.13 ± 10.69

	
0.063 (p > 0.05)




	
Forestry Pond (Mean ± SD)




	
Habitat States

	
WT

	
Depth

	
Ec_den

	
Adj. R2

	

	




	
Favorable habitat

	
27.56 ± 4.28

	
0.70 ± 0.47

	
27.14 ± 14.35

	
0.811 ***

	

	




	
Unfavorable habitat

	
22.49 ± 6.71

	
1.08 ± 0.42

	
7.85 ± 4.84

	
0.675 ***

	

	




	
Breeding season

	
27.46 ± 5.66

	
1.30 ± 0.41

	
13.48 ± 13.93

	
0.755 ***

	

	




	
Non-breeding season

	
21.84 ± 5.91

	
0.67 ± 0.30

	
15.63 ± 12.60

	
0.604 ***

	

	








* = p ≤ 0.05; *** = p ≤ 0.001.
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