Macroinvertebrates as tadpole food: importance and body size relationships
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ABSTRACT. Macroinvertebrates as food were recorded for three anurans tadpoles: Hyla saxicola (Bokermann,
1964) (Hylidae), Scinax machadoi (Bokermann & Sazima, 1973) (Hylidae), and Bufo rubescens (Lutz, 1925) (Bufonidae).
These species are commonly found in the mountain streams at Serra do Cipé National Park, Minas Gerais State,
Brazil. Tadpoles were collected in pools of second-order reach in Mascates stream and third and fourth order
reaches of Indaia stream from March-October, 2003. Biometrical data were recorded before dissecting each
individual and a feeding importance index was estimated. Eight taxa of chironomids and three taxa of mayfly
exuviae were found in the guts, but no significantly differences were found between tadpole species (ANOVA,
p > 0.05). The results support the drift transport hypothesis that predicts that tadpoles commonly ingest
suspended matter in lotic ecosystems, are generalist feeders, and macroinvertebrates are probably incidental
ingested.
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RESUMO. Macroinvertebrados como alimento de girinos: importincia e relaces com tamanho de corpo.
A presenca de macroinvertebrados como item na dieta de girinos foi estudada para as espécies Hyla saxicola
(Bokermann, 1964) (Hylidae), Scinax machadoi (Bokermann & Sazima, 1973) (Hylidae) e Bufo rubescens (Lutz, 1925)
(Bufonidae). Estas espécies sio comumente encontradas nos corregos de altitude no Parque Nacional da Serra do
Cipd, Estado de Minas Gerais, Brasil. Os girinos foram coletados em pocdes em um trecho de segunda ordem no
corrego Mascates, e em trechos de terceira e quarta ordens no corrego Indaia, entre marco e outubro de 2003.
Medidas biométricas foram mensuradas antes da dessecacio de cada individuo e foi estimado um indice de
importancia de alimentacdo para os macroinvertebrados encontrados. Oito taxa de Chironomidae e trés taxa de
extivias de Ephemeroptera foram encontrados, mas nao houve diferencas significativas entre os macroinvertebrados
encontrados nas espécies de girinos (ANOVA, p > 0,05). Os resultados obtidos corroboram a hipotese de
transporte por deriva que prediz que os girinos comumente ingerem particulas organicas em suspensio, sio
generalistas quanto a sua alimentacdo e os macroinvertebrados sao provavelmente ingeridos acidentalmente.

PALAVRAS CHAVE. Cadeias alimentares aquaticas, insetos aquaticos, conservacao, riachos, dieta de girinos.

Ecosystem destruction is a large threat to biological diversity.
The cerrado is an important area of agricultural expansion and
is threatened by destruction caused by human activities. For a
long time this biome received a low conservation priority, which
led to the extinction of many species (Privack & Roprigues 2001).
Similarly to other taxonomic groups, the amphibians of the
cerrado have been severely affected by this human interfer-
ence (Diniz et al. 2004). Because of their aquatic/terrestrial life
cycle, amphibians are exposed to ecological changes in both
environments (Branpio & Araujo 2002). Water quality changes
caused by insecticides and fertilizers contaminations, drainage
of mining areas, and vegetation burns beyond the riparian zones
are examples of alterations that can decrease amphibians di-
versity (Eterovick & Barros 2003).

Knowledge about amphibian biology is important to the
conservation of the cerrado biome (Branpio & Araujo 2002,
DNz et al. 2004). Amphibians are an important energy trans-
fer link between invertebrates and vertebrates (StesBINs & COHEN
1995). The decline in amphibian population size in highland
tropical sites (Lirs et al. 2003) is expected to produce cascading
effects throughout aquatic and terrestrial food webs (RANVESTEL
et al. 2004).

A tadpole is an energy-gathering, growing, non-repro-
ductive larval stage in the biphasic anuran life cycle (McDiarmID
& Armic 1999). The tropical regions show high anuran diversi-
ties and diverse species coexist (PomsaL 1997). The importance
of resource use in the organization of tadpole communities is
still unclear. Some authors assume that food does not play an
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important role in niche partitioning and that habitats are par-
titioned mainly by space and time (Hever & Liem 1976). Others
consider species distribution in ponds as a consequence of food
availability and influence of feeding strategies among tadpoles
of different sizes (ALrorp & Crumpr 1982, Diaz Paniacua 1985,
Eterovick & Barros 2003).

Tadpoles are usually considered highly specialized, fil-
ter-feeding herbivores (DueLiman & Trues 1986) that ingest
planktonic material from the water column, obtain organic
materials from pond sediments, or scrape periphyton from sub-
merged substrates. Tadpoles may be classified as opportunistic
omnivores or detritivores, and some are opportunistic canni-
bals (they may feed upon own species eggs) or necrophagous
(Summers & Amos 1997). In general, little is known about their
diets and what is ingested/absorbed, and there is a lack of in-
formation for tropical species in mountain streams.

Tadpoles can occur in lentic and lotic environments, per-
manent or temporary, and there is a difference in the use of
microhabitats and feeding behavior. Food for tadpoles may of-
ten be abundant in temporary ponds (coarse and fine particulated
organic matter, and invertebrates exuviae) and larval feeding
can exert an important influence on the pond primary produc-
tion (SeaLe & WassersuG 1979). Most tadpole species are benthic,
with ventrally located mouths used to feed upon periphyton,
detritus, and leaves of aquatic plants (SattHE & MecHAM 1974,
Diaz Paniagua 1989). In spite of these general considerations,
field studies of tadpole diets are uncommon, and information is
scarce, especially for the Neotropics. FLecker et al. (1999) sug-
gested that numerous tadpoles in highland streams, as those we
studied at Serra do Cip6, may cause large impacts on benthic
processes and communities. Many studies about tadpole diets
refer to the ingestion of filamentous algae, debris, and periphy-
ton. Diaz Paniagua (1985, 1989) and Arias et al. (2002) found
algae and animals in the digestive trait of tadpoles, including
protozoa, nematodes, rotiferans and arthropods. Lorez et al.
(2002) pointed out the ability of bromeliad ostracods (Elpidium
Miiller, 1880) to pass unharmed through the Scinax perpusillus
(Lutz & Lutz, 1939) tadpoles gut, being eliminated in the faeces.

The benthic communities are formed by phytobenthos
and zoobenthos and their distribution is influenced by such
factors as substrate type (pebbles, wood), sediment type (clay-
ish, sandy, organic) and food availability (Cattisto 2000). The
benthic macroinvertebrates eat organic debris, algae, and other
smaller animals. Considering that scrapping tadpoles forage in
the same mesohabitats of benthic macroinvertebrates, the aim
of this study was to record macroinvertebrates as food items
on tadpole larval diets of Hyla saxicola (Bokermann, 1964)
(Hylidae), Scinax machadoi (Bokermann & Sazima, 1973)
(Hylidae), and Bufo rubescens (Lutz, 1925) (Bufonidae), all com-
mon species in the streams at Serra do Cip6é National Park,
southeastern Brazil. The scenario found in Serra do Cip6 offers
an unique opportunity to test several hypothesis on the tad-
pole and macroinvertebrates interactions. We tested if bigger
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tadpoles ingest more macroinvertebrates. The distribution, ecol-
ogy, and biogeographical aspects of anurans at Serra do Cip6
were studied by Eterovick & FernanDes (2001, 2002), Eterovick
(2003), Eterovick & Barros (2003), and Eterovick & Saziva (2004)
but larval diet information is still unknown for this region.

MATERIAL AND METHODS

This study was carried out from March-October 2003 at
Serra do Cip6 National Park (19°12’-19°20S, 43°30’-43°40'W,
1,095-1,485 m elevation), southeastern Brazil, Minas Gerais
State. The climate has distinct dry and wet seasons, and the
rainy season starts in October-November and ends in March
(MaDEIRA & FERNANDES 1999).

Tadpoles were collected in backwaters of Indaid stream
(third and fourth order reaches) and in Mascates stream (sec-
ond-order reach) that ranged in size from 10-40 m?, approxi-
mately. These streams show depth variations related to the rainy
period in the region but never dry up. All of them have some
riffles and backwaters, the bottoms are covered by patches of
large pebbles and stones, sandy or silty sediment, with occa-
sional patches of algae or submerged grasses, and fresh, slightly
acidic, very oxygenated water. Water temperatures from 8°C in
July-August to about 22°C in January-February. A detailed de-
scription of physicochemical features of the study streams can
be found in Caruisto et al. (2005).

Tadpole populations in the stream pools were sampled
monthly from April-October 2003. A total of 76 larvae were
captured with a hand-net (500 pm mesh size) at different loca-
tions in the pools. The gut contents were preserved in 70%
alcohol. The samples were taken in different hours but always
during daylight. The diets of anuran larvae were determined
by stereomicroscopical examination of intestinal contents of
each preserved larvae.

Body length (BL), tail length (TAL), inter-nostril distance
(IND), inter-orbital distance (I0OD) and mouth width (MW) were
taken for tadpoles, before preservation (Tab. I). Their intestines
were also removed and fully examined.

The data analyses was done using food importance in-
dex (Ix) that takes into account the frequency (Fr; number of
each item found) and the constancy (C; number of tadpoles
that contained a specific item; PoweL et al. 1990). This index
(Ix = {(Fr/F1%) + (C/C%)}/2) does not incorporate the item avail-
ability in the environment.

Correlation analysis was used to test the hypothesis that
bigger tadpoles (morphometric measurements) ingest more
macroinvertebrates. The invertebrates are very abundant in the
stream bottoms (see Catuisto et al. 2005) and drift movements
transport high diversity of invertebrates (CaLLisTo & GOULART
2005). Thus we assume that tadpoles are not selecting their
feeding items. Tadpole gut items were compared by ANOVA
using the routine Standard test of EcoSim (version 7.22) Soft-
ware (GoTeLLl & ENTSMINGER 2004).
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RESULTS AND DISCUSSION

Algae and detritus were the most abundant types of food
ingested. Among the macroinvertebrates, larvae and exuviae of
chironomids and mayfly were found (Tab. II). In most of the
tadpole guts we also found a large number of unidentified
macroinvertebrates fragments. No significantly differences were
found between the tadpole species gut content (ANOVA, p > 0.05).
Probably these fragments belong to dead organisms or exuviae
transported by drift (CaLusto & Gourart 2005).

Scinax machadoi tadpoles were collected in Indaia stream,
mainly on rocky substrates and on filamentous algae. The col-
lected tadpoles showed the followed mean measures: Body length
= 9.8 mm; tail height = 14.7 mm; mouth width = 3.9 mm. Tad-
poles collected on algae showed larger body dimensions than oth-
ers (p < 0.05): body length = 10.5 mm; tail height = 16.2 mm;
mouth width = 4.2 mm. Chironomid exuviae were common (in
total, Ix = 0.717), and orthocladiins reached up to Ix = 0.294. A
very small trichopteran larvae was recorded, and it suggests an
occasional ingestion. The specimens collected on rocky substrate
showed body length = 9.2 mm; tail height = 14.0 mm; mouth
width = 3.8 mm. Chironomid exuviae showed, in total, Ix=0.678,
while orthocladiins Ix = 0.244. Some microcrustaceans were found,
among them Chydoridae (Cladocera) which showed Ix = 0.033.
Mayfly exuviae were found (Cloeodes Traver, 1938) with Ix = 0.029.

Hyla saxicola tadpoles collected in Indaia stream were
between rocks at lower depth pools (< 30 cm) with warmer
waters due to solar direct incidence: body length = 13.8 mm;
tail length = 23.0 mm; mouth width = 4.8 mm. The food items
were chironomids (e.g. Thienemanniella sp.) with Ix = 0.08. Only
two undamaged Orthocladiinae larvae were found, belonging
to genus Corynoneura (Winnertz, 1846). Some baetid exuviae
were found as food items, Cloeodes (Traver, 1938) and
Paracloeodes, Day, 1955, respectively with Ix = 0.028 and Ix =
0.017, suggesting passive uptake by drift.

Bufo rubescens tadpoles were collected in a big pool at Farofa
waterfall on Mascates stream, in a shaded habitat with cobbles
and pebbles substrate: body length = 11.9 mm, tail height = 15.4
mm and mouth width = 3.4 mm. Hydracarina (Ix = 0.055) and
Ostracoda (Ix = 0.027) were important food items in B. rubescens.
Chydoridae (Cladocera) (Ix = 0.106) were also present but at
lower frequence. Again, chironomids were the main food item
(Ix = 0.426). The diet of B. bufo (Linnaeus, 1758) was previously
studied by SavaGe (1952) who found algae, planktonic crusta-
ceans and debris, and Harrison (1987), who pointed out that B.
bufo and Pelodytes punctatus (Daudin, 1802) prefer to feed on
planktonic organisms in mid-water. Hyla saxicola tadpoles were
collected in three natural puddles near the railway at Mascates
stream, but no macroinvertebrates were found in their guts.

There was a positive relationship between body length
and tail height, and body length and mouth width for the three
studied species (Tab. I). Low correlation values were found be-
tween body length and macroinvertebrates, and between mouth
size and macroinvertebrates. These data corroborate the occa-
sional ingestion of macroinvertebrates, suggesting that mainly
the small tadpoles can use them as food items.

As suggested by Diaz Paniagua (1985), anuran larvae are
mostly phytophagous, changing their food habitats and their
external and internal morphology at metamorphosis to acquire
a more terrestrial body form and a mainly insectivorous diet.
The similarity of larval diets among the species is clean from the
analysis of intestinal contents. The tadpoles are all basically her-
bivorous, feeding mostly on algae, debris and eventually supple-
ment their diets with macroinvertebrates that we believed are
transported by drift in the water column. The overlap of the
feeding resources is frequent in amphibian larval communities
(RanvesTEL et al. 2004). This may be due to the high resource
availability in the environment and to the feeding mechanism
of amphibian larvae (Diaz Paniacua 1985). The drift transport
hypothesis is corroborated by the assumptions proposed by

Table |. Some morphological characteristics (mm) of the tadpole species (median, maximum and minimum values) and correlations values
for each species. (BL) Body length, (TAL) tail length, (IND) inter-nostril distance, (IOD) inter-orbital distance, (MW) mouth width.

Scinax machadoi (n = 31)

Hyla saxicola (n = 27) Bufo rubescens (n = 18)

Characteristics

Median min. max. Median min. max. Median min. max.
BL 9.8 6.8 14.3 13.8 9.0 22.5 11.9 8.5 14.8
TAL 14.7 10.3 19.8 23.0 15.0 46.3 15.4 3.5 21.0
IND 3.1 2.3 4.4 3.3 2.0 5.0 1.9 1.5 2.2
10D 6.1 3.8 7.3 5.9 2.0 9.0 3.1 2.4 3.5
MW 3.9 2.5 53 4.8 2.5 7.5 3.4 2.4 3.8

Correlation values

BL x TAL 0.8934 0.6458 0.6714
BL x MW 0.8137 0.6613 0.7656
BL x item 0.5556 0.4403 -0.2421
MW x item 0.5246 0.4090 -0.3278
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Table II. Importance index (Ix values) of food categories on the diets of the studied tadpole species.

Scinax machadoi

Hyla saxicola Bufo rubescens

Indaia rocky substrate algae substrate
Ix(n=11) Ix (n=10) Ix (n=10) Ix (n=27) Ix (n=18)
Unidentified items 0.186 0.192 0.180 0.421 0.376
Cladocera 0.022 0.023 0.021 0.008 0.027
Chydoridae 0.033 0.046 0.021 0.008 0.079
Sididae 0.000 0.000 0.000 0.008 0.000
Diptera, Chironomidae Larvae exuviae 0.322 0.439 0.210 0.299 0.315
Tanypodinae 0.000 0.000 0.000 0.017 0.014
Ablabesmyia 0.010 0.000 0.021 0.000 0.000
Chironominae
Beardius 0.000 0.000 0.000 0.008 0.000
Dicrotendipes 0.010 0.000 0.021 0.000 0.000
Goeldichironomus 0.010 0.000 0.021 0.000 0.000
Ortocladiinae 0.244 0.194 0.294 0.053 0.033
Corynoneura 0.010 0.000 0.021 0.025 0.000
Cricotopus 0.010 0.000 0.021 0.017 0.000
Thienemanniella 0.055 0.000 0.110 0.080 0.074
Ephemeroptera (exuvia) 0.022 0.023 0.021 0.000 0.000
Baetidae 0.011 0.023 0.000 0.008 0.000
Americabaetis 0.011 0.023 0.000 0.000 0.000
Cloeodes 0.029 0.037 0.021 0.028 0.000
Paracloeodes 0.000 0.000 0.000 0.017 0.000
Hidracarina 0.000 0.000 0.000 0.000 0.055
Ostracoda 0.000 0.000 0.000 0.000 0.027
Trichoptera 0.010 0.000 0.021 0.000 0.000

WassersuG (1975) and Artig (1975) that tadpoles commonly in-
gest suspended matter, including both food and non-food par-
ticles, and food selection is only done after the ingestion of the
material. They are thus generalists and macroinvertebrates can
be ingested eventually. The results corroborate these hypothesis
hence the macroinvertebrate food items are the most abundant
living organisms in the stream pools. This may be true at least
for tadpole communities at Serra do Cip6 National Park.
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