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Abstract

We tested feeding selectivity and food preference of Ctenomys talorum (tuco-tuco). To test feeding

selectivity, above ground and beLow ground pLant biomass from the field was determined and

botanical composition of the diet was estimated in stomach contents using microhistoLogical tech-

niques. Feeding preferences were studied carrying out Laboratory Cafeteria experiments. Ctenomys

talarum behave as generalist and opportunistic herbivores consuming the greater part of species

present in the grassland. The above ground portion was preferred over the subterranean one.

Grasses constituted 94% of the above ground vegetative fraction consumed and were generally se-

lected. Preference trials also showed that C. talarum prefer above ground parts of grasses to other

choices.
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Introduction

Rodents of the genus Ctenomys (tuco-tu-

cos) are subterranean herbivores whose

populations are distributed in a discontinu-

ous pattern throughout Argentina, Para-

guay, Bohvia, Uruguay, Perü, Chile, and

Southern Brazil (Woods 1984). Most herbi-

vores inhabit a biotope in which the food

plants are more or less continuously distrib-

uted in Space and time, and whose accessi-

bihty is restricted by the structural and che-

mical properties of the Vegetation (Illius

and GoRDON 1993). They select food items

according to their preference, and availabil-

ity in the field. Preference is the predilec-

tion of a consumer for a particular class of

food, and it is the result of how well the

consumer "likes" this food relative to other

ones, when all are equally available (Nor-

BURY 1992). Diet selection in herbivores

may be explained by models where the rate

of intake is maximized with nutrient con-

straints, toxins are avoided or their intake

is minimized (Stephens and Krebs 1986).

A foraging herbivore maximizes its nutrient

intake when greater nutrient intake con-

verts directly into greater survival and re-

production (nutrient maximization; Belov-

SKY and Schmitz 1994).

Food resources have been implicated as im-

portant to both burrow location and burrow
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System size, suggesting that foraging is a cri-

tical component of ecology of subterranean

rodents (Busch et al. 2000). In terms of nu-

tritional value, below ground plant tissues

may represent a more variable resource

than above ground tissue (Andersen
1987). This fact and the high energetic costs

of digging may influenae food selectivity.

Heth et al. (1989) proposed that subterra-

nean herbivores cannot afford to be selec-

tive feeders since search costs would exceed

the benefits of being selective, therefore

they should utilize all food that they en-

counter. Furthermore, subterranean ro-

dents are expected to consume a great pro-

portion of below ground Vegetation

(Vleck 1979).

Diet selection by herbivores is important in

determining their effects on plant commu-
nities. Empirical evidence and theoretical

models suggest that generahst herbivores

may have more widespread effects on plant

communities than specialist herbivores,

since they can greatly reduce, or even elimi-

nate, some plant Speeles while persisting on

the remaining Speeles. Much remains to be

learned regarding the foraging ecology of

subterranean rodents. Cafeteria-style test of

food preference would help to determine

the nature and extent of dietary specializa-

tion. In addition, field studies of foraging be-

havior would allow to test optimal foraging

models (Stephens and Krebs, 1986) under

the condition faced by free-living animals.

This study assesses different aspects of the

feeding behavior of individuals of a Cte-

nomys talarum population inhabiting a

coastal dune grassland in the southeastern

Buenos Aires province, Argentina. Specifi-

cally assessed are: 1) C. talarum feeding se-

lectivity in the field, and 2) food prefer-

ences of C. talarum in Cafeteria test.

Material and methods

Two studies were conducted. One was carried out

in the field to evaluate C. talarum feeding selec-

tivity. The other was a Cafeteria test developed to

determine if food quality (fiber/protein) deter-

mines their feeding preference.

Feeding selectivity (field data)

The study was conducted on coastal dunes at Mar
de Cobo (Buenos Aires Province, Argentina), in a

natural grassland with the predominance of per-

ennial grasses (Comparatore et al. 1991).

Vegetation and animals were sampled in autumn,

Winter, spring, and summer. Fifty seven animals

were kill-trapped and their stomachs removed.

Because above ground foraging occurred near

the burrow opening, for each animal captured,

four Vegetation samples were coUected from

around the opening (30 cm diameter and 30 cm
depth). Above ground and below ground samples

were separated and dry plant biomass was esti-

mated and expressed as percentage of total bio-

mass. In addition, the percentage of the above

ground fraction of each species was computed.

The botanical composition of Ctenomys talarum

diet was estimated using microhistological techni-

ques. Stomach contents were processed individu-

ally according to Williams (1969), and the botan-

ical composition of the diet was quantified

according to Sparks and Malechek (1968). The

subterranean, above ground and reproductive

fractions were quantified. In addition, the species

percentages in the vegetative fraction were deter-

mined, since it is the only one in which fragments

could be differentiated to species level.

The seasonal percentages of the components of

Ctenomys diets were compared using a Kruskal-

Wallis test (P = 0.05). Diet and grassland botanical

composition were contrasted, estabhshing animal

selectivity for total above ground and subterra-

nean fractions. Reproductive fraction selectivity

could not be estabhshed because its percentage

was not determined in the grassland. In addition,

selectivity for the above ground vegetative frac-

tion of the species in the diet was computed.

The following index (Krueger 1972) was used to

determine relative species selectivity:

SI= % Dixfdi/% Pixfpi,

where % Di and fdi are the seasonal mean per-

centage and the frequency of component i in the

diets, and % Pi and fpi are the seasonal mean per-

centage and the frequency of the component i in

the grassland. Chi Square with 95% confidence

was used to determine if the seasonal SI for each

component was significantly different from 1.

Kulcyznski's similarity index (Holechek et al.

1984) was used to evaluate the similarity of diets

and pasture. The species considered in the analy-

sis were those whose seasonal mean percentage

by the frequency, in the diets and/or in the grass-

land, were over 2%. Results are shown as

mean ± SD (Standard deviation).
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Feeding preference (cafeten'a test)

Animals for the experiments were live-trapped in

the coastal dunes of Necochea (Buenos Aires

province). Food preference was investigated in

the laboratory by the amount of plant matter con-

sumed during feeding trials (Phillipson et al.

1983). To conduct the trials, animals were set in a

feeding apparatus (42 x 42 x 6 cm) which consisted

of a central nest box with an opening in each of

four feeding arenas. The gridded floors of the

feeding arenas allowed food remains and faeces

to drop into a collecting tray without being mois-

tened with urine.

Leaves and stems of plant species for the experi-

ment were collected at the same site where the

animals were trapped. Potatoes and carrots, which

have low fiber percentages, were also used as

choices. Standard Cafeteria trials were conducted

performing three different tests. In each one the

same wet weight of four different kinds of food

was offered simultaneously. Each test lasted for

four days with 10 repetitions using different indi-

vidual tuco-tucos (5 adult females and 5 adult

males). Every day equal wet weight of each plant

choice was offered. Intake was calculated on both

a fresh-mass and a dry-mass basis. The residual

plant material was sorted and weighed on suc-

ceeding days and the difference recorded. Then,

it was dried at 70-80 °C to invariable weight. Con-

versions of fresh mass to dry mass were calculated

from samples of plant material that was main-

tained in empty cages during the trials.

Each choice of food was weighed to the nearest

O.Ol g and offered in different compartments of

the feeding apparatus. The position of the foods

varied at random. Species chosen for the Cafeteria

test are present in the natural diet of Ctenomys ta-

larum in Necochea, except for Ipomea batatae

and Daucus carota.

To test if dietary preference correlates with some
particular portion of the plant we offered differ-

ent parts of two species of grasses that appeared

in the field diet: Cyrwdon dactylon stem, C. dacty-

lon leaf, Bromus unioloides stem, B. imioloides

leaf. To test if the preference has a relation with

the fiber content of the choice C. dactylon stem,

B. unioloides stem and Ipomea batatae tuber and

Dacus carota root (fiber content: 17% and 13%,
respectively) were offered. We also tested the

preference for forbs or grasses and different parts

of them, offering two species from the field diet:

Hydrocotile bonariensis (forb) above ground por-

tion H. bonariensis below ground portion, Pani-

cum racemosum (grass) above ground portion,

P. racemosum below ground portion.

Protein content was determined by the microbiur-

et method (Gornall et al. 1949) and fiber con-

tent was determined by the Goering and

VAN Soest (1970) technique. Results are shown

as mean ± S. D. A non-parametric multiple com-

parison test (Zar 1984) was used to ascertain the

significance of the preferences observed. Chi

Square with 95% confidence was used to test

whether the proportions of food consumed were

equal to expected frequencies, based on the rela-

tive dry weight of food offered.

Results

Feeding selectivity

Comparison of botanical composition of

grassland and diet

Proportion of subterranean biomass was

not significantly different from the above

ground (P > 0.05; Fig. 1 a). Perennial grasses

dominate the grassland biomass (79% of to-

tal above ground available biomass). The

Proportion of perennial monocotyledo-

neans decreased in spring, while annual

monocotyledoneans increased; annual forbs

decreased in autumn and perennials in win-

ter (Fig. 2 a). Monocotyledonean composi-

tion was dominated by Panicum racemo-

sum, which constituted 25% of the annual

biomass.

Analysis of the Contents of 57 stomachs re-

vealed that tuco-tucos exploited at least

16 species of plants annually. The above

ground vegetative portion of plants predo-

minated (84.5%) in the annual diet,

whereas subterranean and reproductive

portions constituted only 11% and 4.5%,

respectively (Fig. 1 b). Grasses comprised

the highest proportion of the annual diet.

Its average annual occurrence was 94% of

the annual above ground vegetative frac-

tion (Fig. 2b). Bromus unioloides (46%),

Panicum racemosum (16%), and Poa bo-

nariensis (10%) were consumed more in-

tensively, as they constituted 72% of the

dry weight of the annual diet.

Seasonal changes in diet

Although perennial grasses comprised the

highest Proportion of the diet year round

(Fig. 2 b), consumption preference of differ-
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Fig. 1. Percentages of bio-

mass in the grassLand and in

the diet of tuco-tuco: a)

Above ground and subterra-

nean percentage of plant

biomass in the natural grass-

land at Mar de Cobo where

Ctenomys talarum was

trapped; b) Above ground,

reproductive and below

ground percentage of plant

biomass in the stomach of

Ctenomys tatarum trapped in

a natural grassland at Mar de

Cobo.

Different letters indicate

significant differences be-

tween seasons; * indicates

significant differences be-

tween sexes in each season.

ent Speeles varied. Thus, the analysis of the

seasonal diet of the tuco-tucos revealed that

Bromus unioloides was an important source

of nutriment almost year round, but it was

consumed less during the autumn season.

On the other hand, only during spring Pani-

cum racemosum ceased to be an important

component of the tuco-tuco's diet. Poa bo-

nariensis was consumed more in autumn,

spring, and summer and less in winter. The

perennial forb Adesmia incana became an

important component in the spring diet

(10%). Although there were no significant

differences between the average of the be-

low ground fraction consumed in each sea-

son (P>0.05); the mean consumption

(5.3 ± 4) in spring was lower than in the

other seasons (Fig. Ib).

Effect of sex on diet

Males seem to be more selective than fe-

males (male and female diets show a 58%
and 66% similarity with the grassland, re-

spectively; Kulcyznski's index). Differences

were noticed in winter and in summer when

male and female diets exhibited Statistical

differences in the proportion of Bromus uni-

oloides (P < 0.02). Moreover, plant fractions

were consumed differentially (Fig. Ib).

Whereas males consumed the subterranean

and vegetative fractions of plants in the

same proportions year round, females did

not (P < 0.02). Furthermore, in autumn fe-

males consumed a higher proportion of the

subterranean fraction (P = 0.006) and smal-

1er proportion of the above ground vegeta-

tive (P = 0.004) than males, and during sum-
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Fig. 2. BotanicaL composi-

tion of the grassLand and of

the diet of tuco-tuco: a) Per-

centage of biomass of above

ground avaiLable Vegetation

on a natural grassLand at

Mar de Cobo; b) Percentage

of biomass of different types

of above ground Vegetation

in stomachs of Ctenomys ta-

larum.

Table 1. Seasonal values of selectivity index (SI) for each above ground vegetative food item and for the subter-

ranean fraction. (*) denotes statistically significant difference from 1 (SI 1) Chi-square test (P = 0.05)

AUTUMN WINTER SPRING SUMMER

N = 15 N = 15 N = 12 N = 15

Above ground fraction

Annual grasses 0

Perennial grasses 1.01 1.06 1.19 1.09

Annual forbs 0 0.84 0

Perennial forbs 1.07 1.46 0

Subterranean fraction 0.32* 0.35* 0.12* 0.44*

mer they consumed a significantly higher

Proportion of reproductive structures than

males (P = 0.028; Fig. 1 b).

Relative plant selectivity

Tuco-tuco ingested perennial monocots and

dicots in proportion to their mass (Tab. 1),

and thus according to the probability of en-

countering them. Nevertheless, tuco-tucos

are capable of selective foraging, since the

above ground fraction of the plant was not

selected by individuals of both sexes in all

seasons (P < 0.05). In addition, the analysis

of the stomachs showed that tuco-tucos se-

lect some monocots Speeles with preference

changing seasonally; the grass Bromus was

selected in winter, spring, and summer but

was indifferent in autumn, whereas Poa
was selected in autumn, spring, and summer
but not in winter. Panicum was preferred in

autumn and avoided in other seasons

(P = 0.05). Furthermore, males and females

showed different feeding selectivity for

Bromus unioloides, thus, it was selected in

winter and summer by males, but not by fe-

males (P = 0.05).
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Feeding preference

Tuco-tucos consumed 200 ± 57 g ind"^ d"^ of

food, and 8 ± 3 g protein and 26 ± 53 kcal

per day. The experiments demostrate that

C talarum is able to discriminate among
the plant Speeles tested, and harvested

grasses selectively. Although some Speeles

and/or part of the plant were consumed
more than others (Tab. 2), tuco-tucos con-

sumed all plants offered in the test and con-

sumption of choices other than the pre-

ferred ones make an important contribu-

tion to total ingested nutrient (7-44% pro-

tein). Results indicate preference for above

ground portions of grasses over other

choices tested. Furthermore. plant portions

with a low fiber/protein ratio were less pre-

ferred than those with a high fiber/protein

ratio. When offered as above ground sam-

ples, significant quantities of all grasses

were consumed by the tuco-tucos and no

preference for stems or leaves was detected,

but as noted above a preference for low

quality food was noticed, thus the B. unio-

loides leaf, which has the lowest fiber/pro-

tein ratio, was eaten to a lesser proportion

than the other choices (Tab. 2 a). When of-

fered monocots {B. unioloides, C. dactylon

or P. racemosum) and other choices, grasses

represented 70-90% of the total consump-

tion and grass stems were preferred to

other choices tested (Tab. 2 b, c). This pre-

ference was independent of the nutritional

quality of the other choice, thus the stems

of grasses with a higher fiber/protein ratio

were preferred to /. batatae, D. carota or to

Hydrocotyle bonaroensis above ground pro-

portion (Tab. 2 b, c).

Discussion

Feeding selectivity

Ctenomys talarum behave as a generalist

and opportunistic herbivore since it con-

sumes the greatest part of the Speeles pre-

sent in the grassland, and changes its diet

in relation to food availabihty. Similar food

habits were reported for other Ctenomys

Speeles (C. australis, Comparatore et al.

1995 and C. mendocimis, Madoery 1993)

and other subterranean rodents such as

Table 2. Dry weight consumption and fiber/protein ratio of food items for three different Cafeteria tests. (a)

First Cafeteria test compared the consumption between different portions of two species of grasses; (b) second

Cafeteria test compared the consumption between items with high and Low fiber/protein ratio; (c) third Cafeteria

test compared between subterranean and above ground fraction of forbs and grasses. Non parametric multiple

comparisons test to differentiate among preference fractions (small letters) (P = 0.05).

SPECIES QUANTITY EATEN FIBER/PROTEIN

g/day±SD RATIO

(a)

B. unioloides leaf 11.29 ± 4.79 a 2.42

B. uniobides stem 24.93 ± 11.61b 7.41

C. dactylon leaf 23.63 + 12.26ab 2.44

C. dactylon stem 28.87 ± 12.69 b 5.56

(b)

B. unioloides stem 32.35 ± 16.3 a 7.41

C. dactylon stem 31.55 ± 14.21a 5.56

I. batatae 4.65 ± 2.18 b 3.50

D. caroto 2.87 + 1.72 b 1.57

(c)

H. bonanensis above ground 8.6±2.26a 2.27

H. bonanensis subterranean 15.42 ±12.21 ab 11.06

P. racemosum subterranean 17.23 ± 4.07 bc 14.89

P. racemosum above ground 39.33 ± 25.57c 8.11
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Thomomys talpoides (Stuebe and Ander-
sen 1985), Geomys attwateri (Williams

and Cameron 1986), Heterocephalus glaber

(Brett 1991) and Spalax ehrenbergi (Nevo

1979). This behavior would be adaptive for

a mammal that supports a high cost of bur-

rowing and poor available energy (Heth et

al. 1989). In general, the food habits of

C. talarum at Mar de Cobo appear to be

similar to those reported for C. talarum at

Necochea (Comparatore et al. 1995). Indi-

viduais of both populations preferred

monocotyledoneans, but tuco-tucos con-

sumed large amounts of Bromus at Mar de

Cobo and of Poa at Necochea (Compara-

tore et al. 1995), suggesting that modifica-

tions in the diet may be influenced by

changes in food offered. Given the high

cost of burrowing (Vleck 1979) it is not sur-

prising that tuco-tucos shift their diet in ac-

cordance with habitat availability.

C. talarum selected the above ground frac-

tion of plants. This may be due to the fact

that tuco-tucos live in areas where plant

Speeles have different life cycles, therefore

the above ground fraction would be avail-

able all year round. On the other hand, the

lowest consumption of the subterranean

fraction during spring is in relation with

the active growth of the above ground frac-

tion in this season. Williams and Cameron

(1986) indicated that the difference in the

subterranean and above ground proportion

of plants in the diets of pocket gophers is

related to the different behavior of the ani-

mal Speeles. The above ground proportion

would be higher in those groups that spend

more time out of their burrows. In this

sense although tuco-tucos forage within

their tunnels, they feed mostly above

ground by venturing away for their tunnels

for brief periods to gather plant parts from

the surface. The Vegetation in the vicinity

of their holes commonly shows evidence of

their feeding activities (Reig 1970).

At Mar de Cobo where densities were high

(65 ind./ha), reproductive structure con-

sumption was minimal (4%), where as at

Necochea (13 ind./ha) it played an impor-

tant role in Ctenomys diet (38% of total;

Comparatore et al. 1995). This suggests that

the proportion of high caloric food is higher

in animals living in populations of low den-

sity. BujALSKA (1983) reported a similar re-

lationship between density and diet quality

for Clethrionomys, a forest dwelling micro-

tine.

The diet of tuco-tucos depends on sex, as

females appeared to be less selective than

males. The larger consumption of reproduc-

tive plant structures by females could re-

spond to higher protein requirements for

lactation. Differences in preference by re-

productive females have been reported for

other subterranean mammals like Geomys
attwateri (Williams and Cameron 1986)

and Spalax erhenbergi (Nevo 1991).

Feeding preference

Choice tests support the fact that Ctenomys

talarum is a herbivorous generahst with a

preference for the above ground fraction

of grasses. Thus, although some items were

preferred, the diet was supplemented with

other choices. In this manner, a varied diet

was maintained, even with the abundance

of the preferred food resource and without

differential foraging costs. Herbivores may
select a diet that mixes different types of

dietary items to balance the intake of nutri-

ents required for proper growth or success-

ful reproduction (Rezsutek and Cameron
1998).

If we accept 200 g fresh weight as an aver-

age daily consumption, tuco-tucos intake

would amount to 2600 g and 13 000 g fresh

Vegetation per ha consumed each day at

Necochea and Mar de Cobo, respectively.

This amounts to 996-4 680 kg per ha per

year, not including Vegetation stored un-

eaten or used to build nests. Tuco-tuco total

energy intake per day was comparable to

data reported for the subterranean rodent

Thomomys talpoides by Stuebe and An-
dersen (1985).

In our experiments, grasses provided not

only most of the daily energy and protein

requirements, but also with more than 80%
of the daily dietary fiber. As tuco tucos are

coprophagous rodents with a large caecum

(11% of the gut), they are able to optimize
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the assimilation of nutrient from this die-

tary fiber. Thus, in a study on efficiency of

food utilization Martino (2000) found that

in spite of the high fiber/protein ratio of

B. unioloides its apparent digestibihty

(NDF) was high (0.81 ±0.04). Selection of

grasses was also reported for the rodent La-

gostonms maximus by Branch et al. (1994).

Assuming food quahty is correlated with

the amount of annual forbs in the diet,

these authors suggested, that grasses may
provide essential dietary fiber to maintain

caecum motihty and the appropriate micro-

bial environment in the hindgut.

According to optimal-foraging models, plant

defenses (e. g., structural, digestive-inhibit-

ing Chemicals, toxic chemicals, and nutri-

tional content) may be effective in reducing

their intake by mammahan herbivores (Be-

LOVSKY and Schmitz 1994). For example,

Hydrocotile bonairensis, which was not pre-

ferred by C talarum, belongs to a genus

known to contain relatively high concentra-

tions of Phytotoxins (Juscafresa 1975).
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Zusammenfassung

Auswahl und Bevorzugung von Nahrung bei Ctenomys talarum (Tuco-Tuco)

In der Studie wurde die Auswahl und die Bevorzugung von Futterpflanzen bei C. talarum unter-

sucht. Um die Auswahl zu schätzen wurde die oberirdische Biomasse der Futterpflanzen bestimmt,

und die Zusammensetzung der Nahrung im Mageninhalt mittels mikrohistologischer Technik

geschätzt. Die Bevorzugung von Futterpflanzen wurde mit Cafeteria-Experimenten im Laboratorium

untersucht, f. talarum verhielt sich als ein Generalist und Opportunist durch Nutzung der meisten

Arten, ändert die Nahrungswahl aber gemäß Verfügbarkeit. Oberirdische Pflanzenteile wurden ge-

genüber unterirdischen Teilen oder Blüten bevorzugt. Gräser bildeten 94% der oberirdischen Teile.

Die Nahrung vom Tuco-Tuco variierte zwischen den Geschlechtern. Männchen verhielten sich selek-

tiver als Weibchen. Die Cafeteria-Experimente zeigten auch, daß C. talarum oberirdische Teile der

Gräser gegenüber den übrigen bevorzugt.
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