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The different developmental stages of Phasmahyla jan
daia tadpoles showed subtle variations in their diets, which 
were not enough to classify tadpoles correctly to develop-
mental stage based on what they ate (chances of correct 
classification were only 33% for any stage; Table 2, Fig. 4). 
Indeed, niche overlaps between developmental stages were 
higher than expected by chance (p = 0.008; Table 3). How-
ever, tadpoles still varied in their preferences for different 
food items (Fig. 5), with stage 30 showing higher prefer-
ence for Euglenophyceae and testate amoeba compared to 
the other stages, as well as a less pronounced preference for 
pollen. Pteridophyte spores were rejected by tadpoles in all 
stages (mainly stage 40). Pollen was always the preferred 
item, although for stage 30 its preference was comparable 
to Euglenophyceae and testate amoeba.

Table 2. Discriminant analyses results for the composition of 
the diet of Phasmahyla jandaia tadpoles in stages 25, 30, and 
40 (sensu Gosner, 1960). Pt = Proportion of trace; Pp = Prior 
probabilities.

Consumed food items Pollen Spores Testate 
amoeba

Euglena

Group means 
Stage 25 (Pp = 33.3%) 48 4 15 7
Stage 30 (Pp = 33.3%) 32 4 26 12
Stage 40 (Pp = 33.3%) 123 4 47 20

Coefficients of linear discriminants
LD1 (Pt = 0.9524) -0.0157 -0.0213 -0.0038 -0.0200
LD2 (Pt = 0.0476) 0.0075 -0.0125 -0.0084 -0.0467

Figure 3. Food item availability and consumption by Phasmahyla 
jandaia tadpoles in developmental stages 25, 30 and 40 (sensu 
Gosner, 1960), in a stream at the Serra do Cipó, Southeastern 
Brazil.

Figure 4. Representation of (A) the two first axes of the discrimi-
nant analyses to compare diet composition of three developmen-
tal stages of Phasmahyla jandaia tadpoles (25, 30 and 40; sensu 
Gosner, 1960) and (B) the linear distribution of groups in the 
first axis, that explained 95.24% of the variation. 

Discussion 

The majority of the diet of Phasmahyla jandaia tadpoles 
was composed of pollen. Although the anatomy of the oral 
disc of these tadpoles favors pollen consumption at the wa-
ter surface and its availability in the sampled stream was 
great, tadpoles in all developmental stages still showed a 
positive, high electivity for this food item, meaning a re-
markable preference for it. Several groups of vertebrates 
have pollen as an important component of their diets as 
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it provides lipids, proteins, vitamins, and mineral salts, 
among other essential elements for their development 
(Roulston & Cane 2000, Frias et al. 2016).

The highest absolute food intake in Gosner stage 40 may 
be related to a higher energy demand for tadpoles in that 
stage. It is probably important to maximize nutrient intake 
in stage 40, as this is the last stage in which tadpoles can 
be considered as maintaining a normal tadpole diet, fol-
lowed by atrophy of mouthparts from stage 41 on (Altig 
& Johnston 1989). Besides, an increased oral disc (see Ta-
ble 1) and gained experience may turn stage 40 tadpoles 
more efficient in pollen acquisition than smaller stage 30 
and 25 tadpoles. Tadpoles in stage 25 can probably supply 
their nutritional needs with smaller pollen quantities due 
to their smaller size. On the other hand, stage 30 tadpoles 
may need a greater amount of pollen than stage 25 tad-
poles, but they may not be efficient enough to acquire it 
before pollen availability decreases. As pollen becomes less 
profitable to harvest, stage 30 tadpoles may switch to other 
food items and complement their diets with proportionally 

larger amounts of Euglenophyta and testate amoeba, which 
could be easier to acquire as the amount of pollen available 
for consumption is gradually reduced at the vicinities of 
the tadpole group. 

It is interesting to notice that the gut of P. jandaia tad-
poles (107–163 cm total length through stages 25–40) is 
shorter than those of benthic hylid tadpoles of similar 
size [Bokermannohyla saxicola (Bokermann, 1964): 230–
290 cm in stages 25–30, Scinax machadoi: 180–250 cm in 
stages 25–30; J. S. Kloh, pers. obs.]. This could be related 
to a great consumption of pollen, whose high nutritional 
value (roulston & Cane 2000) may supply tadpole needs 
with lower consumed amounts. Although pollen is consid-
ered to be difficult to digest (roulston & Cane 2000), a 
shorter gut could reduce tadpole weight and minimize the 
energy needed to keep their bodies close to the surface, 
where they can easily eat pollen, in accordance with the 
optimal foraging theory (MacArthur & Pianka, 1966). 

Euglenophyceae also constituted an important compo-
nent of the diet of P. jandaia tadpoles. As flagellates, they 
remain for more time close to the water surface (Chindia 
& Figueredo 2018), where they can be easily captured by 
the tadpoles of P. jandaia. These tadpoles move the water 
with their tail tips (Leite et al. 2008) and the water flow 
promoted by groups of tadpoles may facilitate acquisi-
tion of suspended food items. Testate amoeba are amoe-
boid protists with a test that partially encloses the cell. They 
usually occupy the water surface and are indicators of low 
habitat quality (Sousa 2008). Their presence in the studied 
stream may be related to the occasional presence of cat-
tle in its vicinities, as well as the increasing traffic at the 
road, sewage irregular disposal, and other human activities 
that lead to water pollution and eutrophication at the Serra 
do Cipó, although still with low intensity. The presence of 
testate amoeba as a preferential item in the diet of P. jan
daia tadpoles in all developmental stages may relate to the 
high iron and manganese contents in their tests (Sousa 
2008), as these elements play important roles as nutrients 
for vertebrate immunity and metabolism (Pinto-Coelho, 
2009). Pteridophyte spores, on the other hand, were not 
preferential items, although they may be easily available at 
the surface. Their nutritional value for tadpoles remains 
unknown. 

We reported here that the diet of neustonic P. jandaia 
tadpoles is largely influenced by their ecomorphotype. 
They occupy the water surface and have a dorsal mouth 
with no denticles (Costa & Carvalho-e-Silva 2008), re-
sulting in the absence of periphyton in their diets. How-
ever, it does not mean that they do not select their food 
items, as even with a relatively specialized morphology, 
they showed differential selectivity for the potential food 
items available to them. 
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Table 3. Niche overlap results for the composition of the diet 
of Phasmahyla jandaia tadpoles in stages 25, 30, and 40 (sensu 
Gosner, 1960). Expected value based on 1000 simulations (RA3 
algorithm): 0.754.

Niche overlap Stage 25 Stage 30 Stage 40

Stage 25 1 0.899 0.993
Stage 30 1 0.928
Stage 40 1

Figure 5. Electivity indexes of the food items consumed by 
Phasma hyla jandaia tadpoles in developmental stages 25, 30 and 
40 (sensu Gosner, 1960), in a stream at the Serra do Cipó, South-
eastern Brazil.
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