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ABSTRACT

The assimilation efficiency of Bufo spinulosus tadpoles from four localities in Chile was evaluated for two
different temperatures (15 and 25 °C) and two different diets (low nutritional quality diet (LQD): 22.28 mg g
N-'; high nutritional quality diet (HQD): 47.53 mg g N'!) using ash as a marker of digestion. Results showed
that geographic origin did not affect assimilation efficiency, while the relationship observed between
temperature and diet quality was significant. Assimilation efficiency was greater for the HQD when tadpoles
were maintained at 15 °C, instead significant differences were not found between diets for tadpoles
maintained at 25 °C. Our results suggest that the effect of temperature on digestive processes is more relevant
than its effect on transit time in the digestive tract. The differences in size at metamorphosis in B spinulosus
populations of distinct geographic origin could not be explained by the existence of differences in physiologic
digestive capacities.

Key words: Bufo spinulosus, tadpoles, assimilation, temperature effects, diet quality effects, geographic
origin effects.

RESUMEN

La eficiencia de asimilacién de materia en larvas de Bufo spinulosus provenientes de cuatro localidades de
Chile, fue evaluada para dos temperaturas (15 y 25 °C) y dos dietas diferentes (pobre: 22,28 mg g N°! y rica
47,53 mg g N'!), utilizando la ceniza como marcador de digestion. Los resultados mostraron que la localidad
de origen de las larvas no afecta la eficiencia de asimilacién, mientras que se registré una interaccion
significativa entre la temperatura y la calidad de la dieta. La eficiencia de asimilacién es mayor para la dieta
rica cuando las larvas fueron mantenidas a 15 °C, no existiendo diferencias entre dietas cuando fueron
mantenidas a 25 °C. Nuestros resultados sugieren que para B. spinulosus el efecto de la temperatura sobre los
procesos digestivos es mds relevante que su efecto sobre el tiempo de transito en el tracto digestivo. Las
diferencias en el tamafio alcanzado a la metamorfosis en poblaciones de B. spinulosus de origen geografico
distinto, no podrian ser explicadas por la existencia de diferencias en las capacidades fisioldgicas digestivas.

Palabras clave: Bufo spinulosus, larvas, asimilacidn, efecto temperatura, efecto calidad de dieta, efecto
localidad geografica.

INTRODUCTION

As other ectotherms, amphibians do not posses
an efficient mechanism for physiological
thermoregulation (Duellmann & Trueb 1984,
Schmid-Nielsen 1997), thus determining their
strong dependence of growth and differentiation
process upon temperature (Atkinson 1994, 1996,

Alvarez & Nicieza 2002a). Temperature and the
availability of nutrients have been considered
the most important causes in the variation in size
and age at metamorphosis (Beck 1997, Alvarez
& Nicieza 2002a). Several studies have shown
that, among individuals having recently
metamorphosed, variation in food availability
and diet quality during larval stage can affect the
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rate of differentiation, the size at metamorphosis
and the capacity to escape predators (Travis &
Trexler 1986, Beck 1997, Denver 1997,
Kupferberg 1997, Newman 1998, Reading &
Clarke 1999, Beck & Congdon 2000, Nicieza
2000, Alvarez & Nicieza 2002b, Loman 2002).
Due to diets of highest nutritional quality
generally produce an increase in the rates of
growth and differentiation, it is assumed that the
amount of energy and nutrients present in high
quality foods would be better utilized by
tadpoles. However, the energy that an organism
obtain from food is mainly dependent upon its
digestion (i.e., hydrolysis) and assimilation (i.e.,
absorption) capacity (Sibly 1981, Calow 1985,
Sibly & Calow 1986). Assimilation efficiency
reflects the capacity of an organism to
metabolize the nutrients present in ingested food
and is an important factor in its energy balance
(Calow 1985). Changes in assimilation
efficiency have been described in ectotherms,
allowing them to utilize different types of foods
more efficiently (Horn 1989, Benavides el al.
1994). In tadpoles, Alvarez & Nicieza (2002a)
show that dietary selection determines maximum
size at metamorphosis and a short larval period.
However, available information concerning the
importance of digestive performance in
explaining differences in amphibian life-history
attributes is scarce and fragmented (Larsen
1992, Alford 1999, Skelly & Golon 2003).

Bufo spinulosus Wiegmann 1835 has an
extended geographic distribution from the
Peruvian-Bolivian highlands to the Chilean and
Argentinean Andes (Vellard 1959). In Chile, this
species has a latitudinal distribution from Arica
(18°30° S, 70°13” W, 164 m) to the Andes
mountains near Santiago (33°21 S, 70°18” W;
2,333 m), and an altitudinal distribution from
sea level (only in Arica) to 4,600 m of altitude
(Cei 1962, Veloso et al. 1982, Veloso & Navarro
1988). This particular distribution allows us to
find larvae and adults of this species living in
different environments, with water temperatures
ranging between 25-30 °C in the locality of
Tatio (4,450 m; northern Chile) to 15-22 °C in
Farellones (2,233 m, in central Chile). Recently,
Méndez et al. (2004) find high levels of both
morphological and genetic differentiation among
populations of B. spinulosus. These authors
propose also that local abiotic conditions,
especially water temperature, could explain the
adults morphological divergence observed in

individuals from the Tatio population, which
represents an extreme in the morphological
variation observed for this species. Concerning
larval stages Benavides (2003) described that
Bufo spinulosus tadpoles from different
geographic localities, exposed in laboratory to
identical photoperiod, temperature and diet
conditions, reach to different sizes at
metamorphosis. These results suggest that
among populations of this species could be
differences in some physiological attributes, and
these differences possibly will determine the
development and growth of the tadpoles and
adults size in this species. Given the wide
geographical distribution of B. spinulosus, this
species is an adequate experimental model for
exploring physiological variation among
tadpoles of different populations.

Because it has been described the importance
of the temperature in the development and
digestive processes of tadpoles (Hochachka &
Somero 1984, Rome et al 1992, Alford 1999,
Alvarez & Nicieza 2002a), and given that water
temperature to which larvae inhabit could be
different along the range of geographic
distribution, temperature could influence the
levels of phenotypic variation observed in
natural habitats (Stdhlberg et al. 2001).
Therefore, the inclusion of temperature in
studies of dietary assimilation capacity is an
important point, which up to date has been
scarcely explored. We hypnotized that in B.
spinulosus tadpoles exists differences in the
capacities to assimilate the ingested foods as a
function of geographic origin and the thermal
environmental where tadpoles inhabit. We
predict that tadpole feed with rich nutritional
diet and growing at high temperature will show
higher assimilation in comparison to tadpoles
growing both a lower temperature and a
nutritional quality diet. We also predict that will
exist differences in assimilation among larval as
a function of geographic precedence.

MATERIAL AND METHODS

Bufo spinulosus larvae were collected from
four localities from the northern and central
zones of Chile: Chusmiza, a mountain stream
located at 3,213 m of altitude in Region I
(19°40” S, 69°10° W); El Tatio, a stream of
natural hot spring water located at 4,264 m of
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altitude in Region II (22°20° S, 68°01° W),
Quebrada Chita, a pond that is permanently
supported by superficial drainage and located at
3,741 m of altitude in Region II (22°25° S,
68°10> W); and Farellones, a mountain stream
located at 2,331 m of altitude in the central
zone (33°21° S, 70°18° W). During the
capturing period (spring-summer 2001 and
2002) water temperatures during the day and
night were similar for Chusmisa, Quebrada
Chita, and Farellones (25 and 6 °C,
respectively), however in El Tatio the observed
temperature (23 °C) was similar during the day
and at night (Benavides 2003).

The larvae from El Tatio and Chita were
directly collected during spring 2002, while the
larvae from Chusmiza and Farellones were
obtained via artificial reproduction of
individuals collected during spring 2001. Once
the larvae reached a Gosner (1960) stage
between 21 and 23 (1960) they were randomly
placed at a density of 15 individuals 600 mL-!,
in plastic containers of a 1 L capacity and a
photoperiod of 12L:12D. For each geographic
locality 12 containers were used; six were
maintained at a temperature of 15 = 1 °C and
six at 25 = 1 °C. For each temperature
treatment and locality of origin, three replicates
were used for each of two diet treatments: a
low nutritional quality diet (LQD) consisting in
boiled lettuce and a high nutritional quality diet
(HQD) consisting in the microalgae spirulina
(Wardley Spirulina Plus). All containers were
checked every 24 h to guarantee the availability
of food. Water in the containers was changed
every 72 h and then the containers were
randomly rearranged. After two weeks each
group of tadpoles were transferred to a
container with clean water without food.
During the following 2 h, the feces produced by
each group of tadpoles were collected with a
Pasteur pipette. All the feces were immediately
centrifuged at 2,500 rpm for 10 min and
transferred to aluminum foil containers, which
were previously burned at 550 °C for 4 h and
weighted with a precision of 0.0001 g. The
collected feces were dried to a constant mass
(approximately 48 h) in a drying oven at 55 °C.
Each container was then weighted in order to
determine the quantity of dry material present,
burned for six hours at 550 °C, and weighted to
determine the ash remainder. Since it was
impossible to measure the quantity of food

consumed by the larvae, assimilation efficiency
(AE), also called apparent digestibility (Sibly
1981), was determined through the following
method (Montgomery & Gerking 1980):

AE =[ 1- (% ash in diet / % ash in feces) | * 100.

Estimation of AE by using ash as a marker of
digestion could produce an underestimation (but
not an overestimation) of real assimilation if a
fraction of ash is absorbed by individual or lost
in the feces during contact with the water
(Montgomery & Gerking 1980, Sibly 1981,
Bjorndal 1985). However, assuming that the
absorption of ash is constant for all of the diets
and the time remains in water was the same; this
type of error is acceptable to determine the
comparative assimilation efficiency. The
assimilation values for each treatment were
calculated as an average of the percent
assimilation obtained for each three samples and
expressed as percent assimilation efficiency with
a standard error. For the statistical analysis of
the results, three-way ANOVAs were used with
locality, temperature and diet as the predicting
factors. In order to satisfy the normality
requirements of the data, the assimilation
efficiency were transformed using: Arcsine
[SQR (AE / 100)]. Homogeneity of the variances
were evaluated using the Cochran test (P > 0.2
for each case). The Tukey test (HSD) was used
to establish differences among samples. All
analyses were carried out using the program
STATISTICA 6.0 (Statsoft 2004).

Before the experiments, the ash content of
the two experimental diets was determined using
the same procedure describe above, and the
energy content (kJ per dry ash weight) was
determined by combustion in a PARR 1261
bomb. Total nitrogen (ug mg!) was determined
by the Kjeldahl method modified by Muhlhauser
& Soto (1987). The HQD presented lower ash
content (6.9 and 11.22 %, respectively), higher
energy content per ash-free weight (14.21 kJ and
10.23 kJ, respectively) and a greater total
nitrogen content (47.53 and 22.28 ug mg'!) as
compared to the LQD.

RESULTS

Because it is possible that the assimilation
values obtained in our experiment could be
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influenced by comparing individuals produced
by artificial reproduction (Chusmiza and
Farellones) with individuals collected directly
from localities (Tatio Chita), we performed a
test in which we compared assimilation values
categorizing by two conditions: laboratory or
collected larvae. This test showed that there
was no differences between these categories
(Student t-test, t = -0.260, df = 46, P = 0.610).
According that, the above conditions it seems
no affect the response evaluated in our
experiment.

At 15 °C the observed AE varied from 75.7
% for LQD and 91 % for HQD. Contrary to our
predictions, the individuals from different
geographic localities presented similar AE
values for both experimental diets. (Table 1,
Fig. 1). However, the AE of food was shown to
be significantly affected by the environmental
temperature, type of diet and by the interaction
between temperature and diet (Table 1, Fig. 1).
In this analysis we detected a marginal
interaction among locality, diet and
temperature that could suggest that assimilation
of both diet and temperature regimes could
changes depending of locality considered. In
order to explore this possibility this effect, we
performed a comparison of estimated marginal
means of this interaction by locality,
considering temperature and diet. According to
this analysis in all cases considered
assimilation values have similar mean value
independent of locality (considering 95 %
confidence interval, data not shown). Take
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account the above information, we discard
locality as a relevant factor in order to explain
assimilation differences observed among
tadpoles.

The Tukey test showed that at 15 °C the AE
of food in LQD is lower than LQD that AE at
25 °C, and that HQD at both temperatures
(Tukey test, P < 0.05). In addition, the HQD
presented greater AE values than the LQD (Fig
1). While AE for the LQD increased at 25 °C,
the HQD did not present and significant
differences between the two temperatures.

DISCUSSION

The AE values obtained for B. spinulosus
tadpoles are in the range previously described
for amphibian tadpoles, varying from 2 % in R.
dalmatiana (Waringer-Loschenkohl & Schagerl
2001) and 7.8 % in R. catesbiana (Altig &
McDearman 1975), to higher values of 80 % in
R. dalmatiana (Waringer-Loschenkohl &
Schagerl 2001) and 85.7 % in G. carolinensis
(Altig & McDearman 1975). These latter values
are comparable to our results for B. spinulosus
tadpoles, where the highest assimilation values
were found for the HQD. The spirulina-based
diet (HQD) could be considered to be the more
artificial of the two used, in its high AE values
are comparable to observed values in other
species when artificial diets are used (i.e., rabbit
pellets: Altig & McDearman 1975; Spyrogira:
Waringer-Loschenkohl & Schagerl 2001).

TABLE 1

ANOVA results for assimilation efficiency of Bufo spinulosus tadpoles for different
geographic origins, maintained at two temperatures (15 and 25 °C) and fed diets of low
and high nutritional quality (see text)

Resultado del ANOVA para eficiencia de asimilacion de larvas de Bufo spinulosus de diferentes localidades de origen,
mantenidas a dos temperaturas (15 y 25 °C) y alimentadas con una dieta pobre y rica (ver texto)

Factor Sum of squares Degrees of freedom Mean square F-value P-value
Locality 0.00101 3 0.00034 0.33 0.807110
Diet 0.18980 1 0.18980 183.54 0.000000
Temperature 0.01037 1 0.01037 10.02 0.003383
Diet x locality 0.00091 3 0.00030 0.29 0.828956
Temperature x locality 0.00254 3 0.00085 0.82 0.493071
Diet x temperature 0.02514 1 0.02514 24.31 0.000024
Locality x diet x temperature 0.00883 3 0.00294 2.85 0.052973
Error 0.03309 32 0.00103
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Fig. 1: Assimilation efficiency of Bufo spinulosus tadpoles of different geographic origin,
maintained at two temperatures: 15 and 25 °C, fed with boiled lettuce (LQD) and spirulin-based

food (HQD). Error bars correspond to SE.

Eficiencia de asimilaciéon en larvas de Bufo spinulosus provenientes de distintas localidades y mantenidas a dos
temperaturas: 15 y 25 °C, alimentadas con una dieta de lechuga hervida (DP) y alimento en base a espirulina. Las barras de

error corresponden al EE.

Environmental temperature has traditionally
been considered as one of the most relevant
factors affecting the physiology of
poikilotherms (Rome et al. 1992, Duellman &
Trueb 1994, Schmidt-Nielsen 1997) and its
effect on digestive physiology has received
considerable attention (e.g., Coulson 1990,
Nicieza et al. 1994, McConnachie & Alexander
2004). It has been described that an increase in
temperature increases assimilation of food
(Altig & McDearman 1975, Nicieza et al. 1994,
McKinon & Alexander 1999, McConnachie &
Alexander 2004). This pattern coincides with
our results in B. spinulosus tadpole fed with a
LQD. This higher assimilation observed could
be explained by the increase in the hydrolysis
and absorption of nutrients from food (Penry
1993), which are temperature-dependent
processes (Hochachka & Somero 1984, Rome
el al.1992). This increase in assimilation
performance due to the increase of temperature

would cancel the negative effect that the
decrease in transit time has on assimilation
(Elliot 1972). However, the digestibility of the
HQD is not affected by temperature. We do not
have an explanation for this phenomenon,
however we can propose that the HQD is an
artificial diet consisting of partially hydrolyzed
elements, which are more easily digested and
absorbed by the larvae as Altig & McDearman
(1975) and Alford (1999) suggested. Therefore,
it is feasible that at 15 °C, the HQD could be
digested and assimilated near to the maximum
capacity (100 %), for which an increase in
temperature would not cause a detectable
increase in its AE.

The efforts directed toward understanding
and explaining the physiological diversity in
animals has been concentrated in comparative
studies between species from different habitats.
However, very few studies have focused on the
intraspecific variability at either the intra-or
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inter-individual levels. Moreover, studies
oriented toward understanding thermal
acclimation at the population level are scarce
(Marquet el al. 1998). The possible geographic
variation in the expression of attributes in
amphibians, such as growth and its association
with temperature, has only recently been
included by some authors (i.e., Stadhberg et al.
2001, Laugen et al. 2003). Considering the
geographic variation in the digestive physiology
of other ectotherms (i.e., Salmo salar, Nicieza
et. al. 1994), our proposition point to the fact
that B. spinulosus would exhibit a similar
pattern. However, our results do not support this
hypothesis. One possible explanation is that the
levels of AE could be influenced by the
similarity between natural diets and/or due to the
probable existence of phenotypic flexibility in
the digestive biochemistry of the larvae. This
phenomenon would allow for constant levels of
nutrient extraction in spite of the differences in
the type and quality of the nutrients (Toloza
1990a, 1990b, Sabat & Bozinovic 1996).
Although there is a lack of systematic studies on
the larvae diet of this species, preliminary data
from two localities (Tatio and Farellones)
indicates that the larvae consume algae that are
similar in total energy and total nitrogen content
(Benavides, unpublished data). Therefore, if the
larvae from different studied localities consume
equivalent diets, it would be reasonable to
assume that their digestive biochemical
processes are similar (Toloza 1990a).

The results of the present study are affected
by the use of diets not regularly consumed by
the tadpoles. However, both experimental diets
utilized are similar in composition (i.e., of
vegetable origin) and allow the B. spinulosus
larvae to successfully reach metamorphosis with
a very low mortality rate (Benavides 2003),
suggesting that they are nutritionally adequate.
Although the use of artificial diets is a common
problem in many experimental designs (Altig &
McDearman 1975, Alvarez & Nicieza 2002a,
2000b), their usefulness in comparative studies
concerning digestive function of these organisms
has been previously demonstrated (i.e., Sabat &
Bozinovic 2000). Taking into consideration this,
our results suggest that the physiological
adjustments in the rates of development of the
different populations cannot be attributed to
assimilation. Therefore, the explanations for the
detected differences in size at metamorphosis of

B. spinulosus larvae from different geographic
localities could be a consequence of the
differential effect of temperature on the
metabolism and growth of larvae from different
geographic localities. We are currently
performing research in order to elucidate the
effects of geographic variation on life-history
traits in this species.
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