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CHAPTER III – RESULTS 

Laboratory Study 

Diet did not have a significant effect on the fecal bacterial communities of 

southern leopard frog and green tree frog tadpoles (df = 1, pseudo-F = 1.36 and 

p = 0.2369), however species had a significant effect on the fecal bacterial 

communities of southern leopard frog and green tree frog tadpoles (df = 1, 

pseudo-F = 6.09 and p = 0.0068). The NMDS ordination plot of the HRM data 

(stress = 0.072) did not reveal distinct clusters containing fecal bacterial 

communities associated with either species or diet (Figure 1). The species 

showed general separation on the second axis. 

 

Figure 1. Effect of Diet on Southern Leopard Frog and Green Tree Frog Tadpole 
Fecal Bacterial Communities. 

Non-metric multidimensional scaling ordination plots of fecal bacterial communities based on high resolution melting 

analysis of the hypervariable V3 region of the bacterial 16S rRNA gene. Distance measure used was Bray-Curtis while 
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retaining two dimensions. SLF = southern leopard frog tadpoles and GTF = green tree frog tadpoles. FB = frog brittle and 

FB/TG = frog brittle and timothy grass (1:1). 

Diet had a significant effect on the fecal bacterial communities of small 

and large southern leopard frog tadpoles (df = 1, pseudo-F = 4.15 and p = 

0.0132). Additionally, size did not have a significant effect on the fecal bacterial 

communities of small and large southern leopard frog tadpoles (df = 1, pseudo-F 

= 1.95 and p = 0.1211). The NMDS ordination plot of the HRM data (stress = 

0.089) revealed clusters containing fecal bacterial communities associated with 

diet (Figure 2). 

 

Figure 2. Effect of Diet and Size on Southern Leopard Frog Tadpole Fecal 
Bacterial Communities. 

Non-metric multidimensional scaling ordination plots of fecal bacterial communities based on high resolution melting 

analysis of the hypervariable V3 region of the bacterial 16S rRNA gene. Distance measure used was Bray-Curtis while 

retaining two dimensions. SLF = southern leopard frog. FB = frog brittle and FB/TG = frog brittle and timothy grass (1:1). 
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Field Study: Bucket Enclosures 

The fecal bacterial communities of small and large southern leopard frog 

tadpoles enclosed at the two locations during summer 2015 were significantly 

different (df= 1, pseudo-F = 78.52 and p = <0.05) and were significantly affected 

by size (df = 1, pseudo-F = 9.60 and p = 0.0023). The interaction term was also 

significant (df = 1, pseudo-F = 4.12 and p = 0.0395), indicating the effect of size 

was not the same between the two locations. The NMDS ordination plot of the 

HRM data (stress = 0.042) revealed distinct clusters containing fecal bacterial 

communities associated with each location and the size of tadpoles (Figure 3). 

 

Figure 3. Effect of Size and Location on Small and Large Southern Leopard Frog 
Tadpole Fecal Bacterial Communities During Summer 2015. 

Non-metric multidimensional scaling ordination plots of fecal bacterial communities based on high resolution melting 

analysis of the hypervariable V3 region of the bacterial 16S rRNA gene. Distance measure used was Bray-Curtis while 

retaining two dimensions. SLF= southern leopard frog. 
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The fecal bacterial communities of small and large southern leopard frog 

tadpoles enclosed at the two locations during summer 2016 were significantly 

different (df = 1, pseudo-F = 7.29 and p = 0.0007) and were not significantly 

affected by size (df = 1, pseudo-F = 0.089 and p = 0.9821). The NMDS ordination 

plot of the HRM data (stress = 0.1003) revealed clusters containing fecal 

bacterial communities associated with each location (Figure 4). 

 

Figure 4. Effect of Size and Location on Small and Large Southern Leopard Frog 
Tadpole Fecal Bacterial Communities During Summer 2016. 

Non-metric multidimensional scaling ordination plots of fecal bacterial communities based on high resolution melting 

analysis of the hypervariable V3 region of the bacterial 16S rRNA gene. Distance measure used was Bray-Curtis while 

retaining two dimensions. SLF= southern leopard frog. 

The fecal bacterial communities of green tree frog tadpoles enclosed at 

two separate locations during summer 2015 were significantly different (df = 1, 

pseudo-F = 6.57 and p = 0.0147). The NMDS ordination plot of the HRM data 
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(stress = 0.040) revealed distinct clusters containing fecal bacterial communities 

associated with each location (Figure 5). 

 

Figure 5. Effect of Location on Green Tree Frog Tadpole Fecal Bacterial 
Communities During Summer 2015. 

Non-metric multidimensional scaling ordination plots of fecal bacterial communities based on high resolution melting 

analysis of the hypervariable V3 region of the bacterial 16S rRNA gene. Distance measure used was Bray-Curtis while 

retaining two dimensions. Blue= location 1 and red = location 2. GTF = green tree frog. 

The fecal bacterial communities of green tree frog tadpoles enclosed at 

two separate locations during summer 2016 were significantly different (df = 1, 

pseudo-F = 7.33 and p = 0.0057). The NMDS ordination plot of the HRM data 

(stress = 0.0003) revealed distinct clusters containing fecal bacterial communities 

associated with each location (Figure 6). 
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Figure 6. Effect of Location on Green Tree Frog Tadpole Fecal Bacterial 
Communities During Summer 2016. 

Non-metric multidimensional scaling ordination plots of fecal bacterial communities based on high resolution melting 

analysis of the hypervariable V3 region of the bacterial 16S rRNA gene. Distance measure used was Bray-Curtis while 

retaining two dimensions. An HRM control sample (black) was included in the ordination because the within location 

variation was too small to be observed in the original figure. GTF = green tree frog. 

Field Study: Fecal Bacterial Community Composition of Wild Tadpoles 

A total of 72,678 full length, overlapping sequences were obtained (12,113 

± 4,291 sequences per sample) from wild caught small and large southern 

leopard frog tadpoles, containing 701 OTUs (229 ± 29 OTUs per sample). The 

composition of fecal bacterial communities of wild caught small and large 

southern leopard frog tadpoles were similar at the phylum level (Figure 7). Both 

were mostly dominated by Fusobacteria (19.4 % and 32.9 % for small and large 

tadpoles, respectively), Bacteroidetes (25.9 % and 24.1 %) and Firmicutes (19.3 
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% and 14.7 %). Bacteria in the phylum Verrumicrobia were more abundant in 

small tadpoles (4.0 %) compared to the larger conspecifics (1.2 %).  

 

Figure 7. Fecal Bacterial Community Composition of Wild Caught Small and 
Large Southern Leopard Frog Tadpoles at the Phylum Level. 

Bar plot of the relative abundance of bacterial sequence reads identified at the phylum level in wild caught small and large 

southern leopard frog tadpole fecal bacterial communities. A number identifying individual tadpoles of each size was used. 

A total of 57,605 full length, overlapping sequences were obtained (9,600 

± 3,443 sequences per sample) from wild caught southern leopard frog and 

green tree frog tadpoles, containing 668 OTUs (179 ± 48 OTUs per sample).The 

relative percent abundance of sequencing reads obtained from fecal bacterial 

communities of wild caught southern leopard frog and green tree frog tadpoles 

were distinguishable at the phylum level (Figure 8). Both species were mostly 

dominated by members of the phyla Fusobacteria (54.2 and 13.3 % for southern 

leopard frog and green tree frog tadpoles, respectively) and Firmicutes (16.59 
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and 52.74 % for southern leopard frog and green tree frog tadpoles, 

respectively), Bacteria in the phylum Verrumicrobia were more abundant in 

southern leopard frog (2.57 %) than in green tree frog (0.78 %) tadpoles. 

Bacteria in the phylum Fusobacteria were highly dominant in southern leopard 

frog tadpole feces (54.21 %) while Firmicutes dominated the bacterial 

communities of green tree frog tadpoles (52.74 %). Additionally, Proteobacteria 

were more abundant in southern leopard frog tadpole feces (6.09 %) than in 

green tree frog tadpole feces (3.86 %). 

 

Figure 8. Fecal Bacterial Community Composition of Wild Caught Southern 
Leopard Frog and Green Tree Frog Tadpoles at the Phylum Level. 

Bar plot of the relative abundance of sequence reads identified at the phylum level in wild caught southern leopard frog 

and green tree frog tadpole fecal bacterial communities. SLF = southern leopard frog tadpole and GTF = green tree frog 

tadpole with a number identifying individual tadpoles of each species. 
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CHAPTER IV – DISCUSSION 

Competition for food resources among tadpoles has been studied in the 

lab and in the field. However in lab settings, tadpoles were usually limited to a 

single food source and a larger competitor reduced the smaller tadpole’s growth 

(Boone et al., 2004; Katzmann et al., 2003; Smith et al., 2004; Werner, 1992). 

Field studies aimed at competitive feeding interactions among tadpoles are 

lacking and most accounts are based on the visual examination of partially 

digested, indistinguishable material (Rossa-Feres et al., 2004; Santos et al., 

2016; Seale, 1980). Tadpoles of a larger size might have a competitive 

advantage over smaller tadpoles in a natural setting if they were eating the same 

thing. Tadpoles suffering from a negative interaction with other tadpoles may be 

smaller at metamorphosis, decreasing fitness (Gosner, 1960). The first research 

objective was to determine whether the bacterial communities associated with 

the feces of tadpoles eating the same food, became similar. By feeding tadpoles 

prepared laboratory diets, it was expected that the fecal bacterial communities of 

tadpoles eating the same food would be similar. The second objective was to 

determine if competition for food exists among tadpoles in a natural setting using 

the fecal bacterial communities of tadpoles as indicators of differences in diet. By 

allowing tadpoles to feed in their natural habitat it was expected that the fecal 

bacterial communities would be similar among tadpoles of different size, species 

and location. Differences observed among the fecal bacterial community of 

tadpoles from the field were presumed to be the result of changes in diet. 
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Ultimately, I expected to ascertain whether or not tadpoles in their natural habitat 

were competing for the same food resources. 

Laboratory Study 

After feeding on two prepared diets that differed in the percentage of 

complex carbohydrates, the fecal bacterial communities of southern leopard frog 

and green tree frog tadpoles eating the same diet were significantly different 

(Figure 1), rejecting my hypothesis. Additionally, the variation among the fecal 

bacterial communities explained by species was significant. Tadpoles used for 

this particular lab study were collected from four different locations. The two 

species never occupied the same body of water at the study site due to 

evaporation of the pond. The fecal bacterial communities of these tadpoles were 

expected to be different when the lab study began, given that they were collected 

at different locations. Given additional time to feed, the effect of diet on the fecal 

bacterial communities may have been more noticeable. Also, tadpoles of one 

species may have never been exposed to the bacteria residing in the gut of the 

other species. Prepared diets may enrich certain bacteria, but only those already 

present in the gut. Without prior exposure to the same bacteria, the effect of a 

specific diet on fecal bacterial community composition would differ.  

After feeding on two prepared diets that differed in the percentage of 

complex carbohydrates, the fecal bacterial communities of small and large 

southern leopard frog tadpoles eating the same diet were not significantly 

different (Figure 2). Additionally, the variation among the fecal bacterial 
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