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Trophic relationships in a neotropical bat community: a preliminary
study using carbon and nitrogen isotopic signatures ‘

L.G. HERRERA*, T.H. FLEMING & L.S. STERNBERG

University of Miami, Department of Biology, Coral Gables, FL 33124, USA.

Abstract: We used stable isotope techniques to determine the nitrogea and carbon isotopic composition of 21
species of neotropical bats (17 phyllostomids, two mormopids, one molossid and one emballonurid) representing a
diverse array of feeding habits (e.g. frugivary, nectarivory, insectivory, camivory, and sanguinivory) as well as the
isotopic composition of plants and insects presumably ingested by the bats. We found trophic enrichment of both
B3¢ and N, although 5N enrichment was lower than expected between frugivorous and insectivorous bats. Our
data indicate that most species of frugivorous bats examined have a mixed diet of fruits and insects and only Cen-
turio senex, Antibeus lituratus and Dermanura watsonii appear to be exclusively frugivorous. One species of insec-

tivorous bat, Tonatia evotis, apparently relies on fruit as part of its diet. Although preliminary, our results indicate
that stable isotope methods can be used to quantify the importance of different dietary classes in the diets of bats.

Résumé: Des techniques isotopiques ont €t utilisées afin de déterminer la composition isotopique en carbone et
azote de 21 espices de chauves-souris néotropicales (17 phyllostomides, 2 mormopides, un molosside et un embal- |
lonuride) présentant un tableau diversifié de leurs tendances alimentaires (fructivore, nectarivore, insectivore, car- |
nivore, et sanguinaire) ainsi que la composition isotopique des plantes et des insectes vraisemblablement ingérés par
les chauvessouris. Nous avons trouvé un enrichissement trophique aussi bien en azote (N'S) que carbone (Cl,;) bien
que la richesse en azote était plus basse que prévue entre les chauve-souris & tendance fructivore et insectivore. Nos
données indiquent que la plupart des espéces de chauvesouris fructivares qui ont été examinées ont un régunc
alimentaire mélangé de fruits et d'insectes et seules Centurio senex, Artibeus lituratus et Dermanura watsonii
semblent &tre exclusivement fructivores. Une des espéces de chauve-souris insectivores, Tonatia evolis, integre ap-
paremment les fruits dans son régime alimentaire. Quoique préliminaires, nos résultats montrent que les méthodes
isotapiques stables peuvent &tre utilisées pour quantifier 'importance des différentes types d'alimentation dans les
régimes alimentaires des chauve-souris. .

Resumen: Se utilizaron técnicas de isStopos estables para determinar la composicida isotdpica de nitrdgeno y
carbono de 21 especies de murciélagos neotropicales (17 folostémidos, dos mormépidos, un moldsido y ua emba-
londrido) con diversos hdbitos alimenticios (frugivoros, nectarivaros, insectivaros, carnivaros'y sanguinivoras), asi
como la composicidn isotdpica de plantas e insectos ingeridas presumiblemente por los murcié‘.agbsA Encontramos
enriquencimiento tréfico tanto de B¢ como de 15N, aunque éste Gltimo fue mds bajo que lo esperado entre los
murciélagos frugivoros e insectivoros. Nuestros datos indican que la mayoria de las especies de muréiélngos
frugivoros examinados tienen una dieta mixta de frutos e insecto y solamente Centurio senex, Artibeus lituratus y
Dermanura watsonii parecen ser exclusivamente frugivoros. Una especie de murciélago insectivora, Tonatia cvolis,
aparentemente toma frutos como parte de su dieta. Aunque preliminarmente, nuestros resultados indican que los
métodos de isGtopos estables pueden ser utilizados para cuantificar la importancia de diferentes tipos de dietas en los
murciélagos.

* Present address : Universidad Nacional AutSnoma de Mexico, Instituto de Biologia, Deartamenta de Zoologia, A.P. 70-153, 04510
México, D.F., México. .
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Resumo: Para determinar a composigio isotdpica de azoto e carbono de 21 espécies de morcegos neotropicais
(17 phyllostomidios, dois mormu‘pidloé, um moldssidio ¢ um embalonurido) com hdbitos alimentares diversos
(frutivoros, nectarivoros, insectivoros, carnivoros e sanguinivoros). bem como a composi¢io isotdpica das plantas e
insectos presumivelmente ingeridos pelos morcegos usaram-se técnicas de isdtopos estdveis. Encontrou- se um enri-
quecimento tréfico quer no B quer nol BN se bem que o eariquecimento em BN teaha sido menor do que 0
.antecipado eatre os morcegos frutivoros e os insectivoros. Os resultados obtidos indicam que muitas das espécies de
morcegos frutivoros examinadas tém uma dieta mista de frutos e insectos e sd a Ceniurio senex, Artibeus lituratus e
Dennanura watsonii parccem ser exclusivamente frutivoras. Uma das espécies de morcegos insectivoros, Toneatia
evolis estd, aparentemente, depende dos frutos como parte da sua dieta, Os resultados, embora preliminares, indicam
que uso de métodos com recurso aos isétopos estdvels podem ser utilizados para quantificar a importincia das

’ diferentes classes de dieta dos morcegos.

Key Words: carnivorous bats, feeding habits, frugivorous bats, nectarivorous bats, insectivorous bats, stable isotopes,
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trophic levels, vampire bats.

Introduction

Dietary studies in bats have traditionally relied on the
examination of feces, pellets, fur, and stomach contents
(Alvarez & Gonzalez Quintero 1970; Thomas 1988;
Whitaker 1988). More recently, stable isotope techniques
have been used in bats to determine trophic patterns as
well as migratory movements (DeMarais ef al. 1980; Flem-
ing et al. 1993; Herrera er al. 1993). While these techni-
ques do not provide detailed information about the identity
of food consumed by animals, they altow long-term ex-
amination of dietary trends. For example, the examination
of the isotopic composition of muscle tissue reflects the
diet of the animal 1-2 months before the tissuc was col-
lected (Tieszen ef al. 1983). Carbon and niuégcn are the
most commonly used isotopes in animal studies and, be-
cause they show trophic fractionation, they can be used to
separate rophic levels in animal communities (Hobson et
al. 1954; Mizutani et al. 1992). In general, thece is an en-
richment of 1% in °C and of 2-4%. in N from one
trophic level to the next (DeNiro & Epstein 1978; Eh-
leringer et al. 1986).

Here we examine the trophic structure ol a neotropical
bal communily using both carbon and nitrogen stable
isotope signatures. We [ocus on bats in the family Phyllos-
tomidae because its members exhibit a broad array of feed-
ing habits . (e.g., nectarivory, frugivory, insectivory,
carnivory, sanguinivory; Gardner 1977). Bats in this fami-
ly have been traditionally separated into different trophic
guilds although some frugivorous and nectarivorous
species may consume insects and leaves to fulfill their
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nitrogen requirements (Kunz & Difaz 1995; Thomas 1984).
On the other hand, some insectivorous phyllostomids also
ingest fruits (Gardner 1977). The primary goal of this

study was tp determine the extent to which bats that are

traditionally assigned to the above-mentioned categories
rely on plant and/or animal sources (o meet their nutritional
requirements. We also examined bats in other families that
are considered strictly insectivorous and plants and insects

that are probably consumed by bats. We expected to find

an enrichment in "’C and "N of at least +1%o and +3%.,
respectively, from lower to higher trophic levels if bats tit
“into distinct feeding categories and do not include a mix-
ture of animal and plant items in their diet.

Materials and methods

Tissue samples were collected in April 1994 at the end
of the dry season during a faunal survey of the Calakmul
Biosphere Reserve (19-18" N, 89-90" W) conducted by the
Institutp de Ecologia tn the state of Campeche, Mexico.
Pectoral muscle samples were collected from  bat
specimens originally sacrificed tor a muscum reference
collection.  'We collected samples from one o three in-
dividuals of nine species of frugivorous and nectarivorous
bats (Phyllostomidae : Centurio senex Gray, Artibeus litu-
ratus Olters, A intermedius Allen, Vm-nplyrv.m'n pusilla
Wagner, Carollia drevicauda Schinz, C. perspicillaia Lin-
naeus, Dermanura watsonii Saussare, Sturnira lilinm Geot-
froy, Glossophaga  soricina  Pallas), 9 species af
insectivorous bats (Phyllostomidae @ Tonatian brasiliensis
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Peters, T. evotis Davis & Carter, Micronycteris schmid-
torwn ‘Sanborn, M. brachyotis Dobson, Mimon bennettii
Gray; Mormoopigae : Pteronotus parnellii Gray, P. davyi
Gray; Molossidae : Molossus rufus Miller; Emballonuridae
; Pem:z)!eryx macrotis Wagner), one carnivorous species
(Phyllostomidae : Vampyrum spectrum Linnaeus) and two
species of vampires (Phyllostomidae : Diphylla ecaudaia
Spix and Desmodus rotundus Geoffroy).f We also col-
lected nocturnal insects and tissue (leaves or fruits if avail-
able) trom plants that are presumably ingested by bats.
Because fractionation can occur in plant parts (Handley &
Raven 1992), tissue actually ingested by the animals was
collected whenever possible preferentially fruit, although
there is evidence of leaf consumption in some frugivorous
bats (Kunz & Dfaz 1995). We collected one individual of
one unidentified species of insect in each of the orders
Coleoptera, Lepidaptera, and Hemiptera along with one in-
dividual of eight species of plants (Leguminosae : Bauhin-
ia sp. (leaf); Piperaceae : Piper amalago Linnaeus (leaf);
Moraceae : Ficus sp. (fruit), Brosimum alicastrum Berg
(leaf); Sapotaceae : Manilkara sapota van Royen (leaf),
Chrysophyllum sp. (fruit), Pouteria campechiana Baehni
(leaf); Combretaceae : Bucida buceras Linnaeus (fruit).

The nitrogen and carbon composition of pectoral
muscle collected from individuals of the 21 species of bats
was assessed using the methodology described by Sealy 2t
al. (1987). In brief, 12-15 mg of ground muscle samples
were combusted at 800°C in Vycor ampules with 1 g of
cupric oxide, 1 g of copper and a small amount of silver
foil (ca. 50 mg). Nitrogen and carbon were cryogenically
purified from the combustion products in a vacuum sys-
tem. Purified nitrogen and carbon were analyzed in a
PRISM micromass spectrophotometer. Isotope ratios were
expressed using the delta notation in parts per thousand
(per mil) where *

15 Tanr
5% N = (L Mmste 41000,
(""N/"N)standara
and ;
a”cz[v%?gf;f;m—uxlooo.
( 'C/l'C)xmnd:m
A similar procedure was used with the insect and
plant samples, except that we used 20 mg of plant tissue
per sample. The standard for 8'°C values was the
Peedee belemnite marine limestone (PDB), and it was
atmospheric nitrogen for 8N, Precision was = 0.175%o
(§.D.) and + 0.1%. (S.D.) for nitrogen and carbon,
respectively.

)
-

Sratistical analysis

Mean 8'°C and 8N values were compared between
trophic levels (i.e., plants vs. frugivorous bats, plants vs.
insects, frugivorous bats vs. insectivorous bats, insects vs.
insectivorous bats, insectivorous hats vs. carnivorous bats)
using Mann-Whitney's U tests. When more than one in-
dividual per species was analyzed, we used the mean value
for the species. Bats were separated into trophic guilds lor
the. analysis according to traditional classifications
(Gardner 1977). We also conducted a linear regression
analysis using mean 8"°C and 8"*N values of all the species
of bats and followed the above-mentioned procedure when
one species was represented by more than one individual,

Results

Mean values of 8'°C and §'"°N increased (i.e., exhibited
enrichment of °C and N from lower 10 higher trophic .
levels (Fig. 1). The enrichment in “C was +3.110 between
plants and insects, +3.667 between plants and frugivorous
bats, +1.716 between frugivorous and insectivorous bats,
and +1.027 between insectivorous and carnivorous and
vampire bats.. The enrichment in BN was -0.400 between
plants and insccts, 42,109 between plants and frugivorous
bats, +0.750 between frugivorous and insectivorous bats,
and +2.227 between insectivorous and carnivorous and
vampire bats.

Carbon isotopic compositinns were signiticantly dit-
ferent between plants and insects (U = 24, P = 0.018) and
frugivorous bats (U = 72, P = 0.000), and between insec-
tivorous bats and insects (U = 27, P = 0.01) and
frugivorous bats (U =71, P =0.000). Significant differen-.
ces in nitrogen isotopic composition were found between
insects and insectivorous bats (U =27, P = 0.016), and be-
tween insectivorous and carnivorous bats (U = 35, P =
0.010). )

There was significant positive correlation between §'°C
and 6N values when the values for all the species of bats
were pooled (r=0.478, F =564, P=0.028,d.f.=1,19,Y
=0.655x - 29.313; Fig. 2). There was a substantial overlap
between isolope values of insectivorous and frugivorous
bats, particularly in 8'°N values (Fig. 2).

Discussion

In general, both carbon and nitrogen § wvalves dis-
criminated among different trophic levels in the species of
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Fig. 1. Mean (£S.D.) 8'°C and 8'5N values for each trophic level in a neotropical bat community. Frugivores and nectarivores (n
=9). insectivores (n = 9), carnivores (n = I) and vampires (n = 2) correspond to bat species. Sample sizes for plants and insects
were 9 and 3, respectively. Mean values were calculated for species with more than one individual.

bats we studied, although some species did not fit their ex-
pected trophic level. The relationship between carbon and
nitrogen isotopic signatures was significant although the
correlation coefficient was not particularly high (r =
0.478); in some cases bats had low 8N and high 8’C
values (or otherwise) that prevented their categorization
into a distinct trophic level (e.g. Desmodus rotundus,
Tonatia evotis, Sturnira lilium, Carollia brevicauda, C.
perspicillata, Glossophaga soricina).

1C enrichment was higher between plants and primary
consumers (insects and frugivorous bats) than between
primary and secondary consumess (insectivorous bats) and
between secondary and tertiary consumers (carnivorous
and vampire bats). A similar pattern occurs in marine-tec-
restrial communities; carbon enrichmeat in primary con-
sumers (e.g. euphausiids, mussels) is +3%. relative to
particulate organic matter but it decreases between higher
levels (Hobson et al. 1994).

Enrichment in N was less pronounced than that of
e, especially between plants and insects and between
trugivorous and insectivorous bats. Nitrogen composition
in plants was highly variable (8N values ranged from -2.2
1o 9 9%q) and was not signiticantly ditferent from that of
insec.s and frugivorous bats. Furthermore, N enrichment
between plants and primary consumers was at the lower

end of the expected range (DeNiro & Epstein 1978) and in

the case of insects there was negative enrichment. Unless

the insects in this study were feeding on items other than

plants (rather unlikely for the insects included in the

study), the expected values of plant 8"°N should be around

1.5 if there is a &ophic enrichment of +3%. (DeNiro &
Epstein 1978) since the §"°N average value for insects was

3.6. The limited number of species of plants included in

this stady is probably not fully representative of the

nitrogen composition of the plant community in the area of

study. In addition to this, because only one individual per

species of plant was included in the analysis, we cannot es-

timate intraspecific variation in nitrogen composition.

Similarly, the low sample size of iusects in this study
prevents any generalization for the isotopic composition of

this group of animals.

Average N enrichment among bat trophic guilds was
lower than expected, especially between frugivorous and
insectivorous bats. This suggests that some species of bats
are not strict fruit - or insect-eaters. For example, Tonatia
evolis had very low 8N values for an insectivore; mem-
bers of the genus Tonatia feed on both insects and fruits
(Gardner 1977), and our results support this. Several
species of frugivorous bats (Sturnira liliwn, - Carollia
brevicauda, C. perspicillata) had lower 8'°C values than
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Fig. 2. B¢ and "N & values for each species of bats in a neotropical community. Each point represents a species: mean values
were used when a species was represented by more than one individual. Bolded numbers correspond to insectivorous, carnivorous
and vampire species, and numbers inside a parenthesis represent frugivorous and nectarivorous spccxes Spccxes identification of
each number is illustrated in the figure. The line represents the least-squares linear regression of §1°C and 8N species values.

inscctivorous bats, but their 8'°N were not different than
the mean value for insectivores. Similarly, Glossophaga
soricina had low 8N values but high 8'°C value$ that
suggest a mixed diet of fruits and insects. Based on the ex-
amination of stomach contents and feces (Fleming et al.
1972; Palmerim et al. 1989; Willig er al. 1993), the diets of
these species are mostly composed of fruit with the propor-
tion of insects ranging from none (S. lilium), to low (C.
brevicauda and C. perspicillata) and large (G. soricina)
amounts of insects. In contrast, Artibeus lituratus Der-
manura watsonii and especially Centurio senex had low
values of 8N and of §'°C that suggest a diet of fruit. The
diet of A. lituratus has been reported as consisting only of
fruits (Palmerim er al. 1989; Willig et al. 1993) or a mix-
ture of fruits and insects (Fleming er al. 1972), and C.
senex is considered by Gardner (1977) to be an obligate
frugivore. A. intermedius had a nitrogen composition

similar to C. senex and a carbon isotopic signature inter-
mediate between the mean values for trugivorous and in-
sectivorous bats. Some insectivorous species (Tonatia
brasiliensis, and Pteronotus parnellii) had §"°N lower than
the average for this group of bats although their §'°C
values were “intermediate between insectivorous and
frugivorous species. P. parnellii feeds mostly on insects
but there is evidence that indicates that this species in-
cludes small amounts of fruits in its diet (Fleming et al.
1992). Pollen has also been reported in the diet of another
species of  Pteronotus (P. quadr[dém Gundlach;
Rodriguez-Duran & Lewis 1987). The remaining insec-
tivorous species seem to feed exclusively on insects, al-
though some of them (Mimon bennetii and - some
individuals of Micronycteris schmidtorum) had slightly
higher 8"°N values than the carnivorous species (Vam-
pyrum spectrum),  The diet of V. spectrum consiste of
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small birds and mammals, insects and probably fruits
(Gardner 1977) while M. bennettii and M. schmidtorum, al-
though mostly insectivorous, may also include fruit in their
diet (Gardner 1977). In general, the two species of vam-
pire bats had nitrogen and carbon compositions that place
them at the top of the trophic chain, except for the
exceptionally low 8'°C value of Desmodus rotundus. We
do not have an explanation for the carbon composition of
D. rotundus.

In conclusion, isotopic examination of carbon and
nitrogen composition offered a broad picture of the
trophic structure in the bat community we studied. Our
results show that it is rather difficult to place certain
species of phyllostomid bats, especially frugivorous
species, into distinct trophic guilds. Previous studies of
r’ceaing habits based on traditional methods support this
view, but our study is the first attempt to quantify the
relative importance of plant and animal items in the diet
at a community level using stable isotope techniques.
We consider this a preliminary study and hope to stimu-
late further use of stable isotopes in bat biclogy (also see
Fleming 1995). In-particular, future trophic studies
should increase the number of species of plants and in-
sects sampled and consider seasonal variations in the
diet of the animals. Use of blood samples instead of col-
lecting muscle tissue from dead animals would allow in-
creased sample sizes without sacrificing animals. One
of us (LGHM) is currently using blood to study food
habits in bat communities.

Acknowledgements

We thank V.J. Sosa, A Herndndez, M. Aranda, and J. .

Bello for their assistance in the field and for allowing
LGHM to participate in their faunal survey of the Calak-
mul Biosphere Reserve. Funding for the survey was
provided through a grant to V.J. Sosa from Comisién
Nacional para el Conocimiento de la Biodiversidad.
Specimens were collected under permit issued to V.J. Sosa
by Secretarfa de Desarrollo Social, and are deposited at the
mammal collection of the Instituto de Biologfa, UNAM.
This study was made possible thanks to Grants-in-Aid of
Research from the Sigma-Xi Society and the American
Society of Mammalogists and the Theodore Rooscvelt
Memorial Fund of the American Museum of Natural His-
tory to LGHM, and by a University of Miami General Re-
search Award to THF.

References

Alvarez, T. & L. Gonzalez Quintero. 1970. Anilisis polinico del
contenido gdstrico de murciélagos Glossophaginac de
México. Anales de la Escuela Nacional de Ciencias
Bioldgicas, Mexico 18: 137-165.

DeNiro, M.J. & S. Epstein. 1978. Influence of diet on the dis-
tribution of carbon isotopes in animals. Geochimica et Cos-
mochimica Acta 42: 495-506.

DeMarais, D.J., J.M. Mitchell, W.G. Meinschein & J.M. Hayes.
1980. The carbon isotope biogeochemistry of the individual
hydrocarbons in bat guano and the ecology of the insec-
tivorous bats in the region of Carlshad, New Mexico.
Geochimica et Cosmochimica Acta 44: 2075-2086.

Ehleringer, J.R., P.W. Rundel & K.A. Nagy. 1986. Stable
isotopes in physiological ecology and faod web research.
Trends in Ecology and Evolution 1: 42-45.

Fleming, T.H. 1995. The use of stable isotopes to study the diets
of plant-visiting bats. pp. 99-110. In: P.A. Racey & S.M.
Swift (eds.) Ecology, Evolution and Behaviour of Bats.
Zoological Society of London, Clarendon Press, Oxford.

Fleming, T.H., E.T. Hooper & D.E. Wilson. 1972. Three central
american bat Communities : structure, reproductive cycles,
and movemeant patterns. Ecology 53: 555-569.

Fleming, T.H., R.A. Nufiez & L. da S.L. Sternberg. 1993.
Seasonal changes in the diets of migrant and non-migrant
nectarivorous bals as revealed by carbon stable isotope
analysis. Oecologia 94: 72-75.

Gardner, A.L. 1977, Feeding habits. pp. 293-350. /n: R.J. Baker,
D.C. Carter & J.K. Jones (eds.) Biology of Bats of the New
World Family Phyllostomatidae. Part Il. Special Publica-
tions, Museum of Texas Tech University.

Handley, L.L. & J.A. Raven. 1992. The use of natural abundance
of nitrogen isotopes in plant physiology and ecology. Plant,
Cell and Environment 15: 965-985.

Herrera, L.G, T.H. Fleming, & J.S. Findley. 1993. Geographic
variation in carbon composition af the pallid bat, Antrozous
pallidus, and its dietary implications. Journal of Mamumalogy
74: 601-606.

Hobson, K., J.F. Piatt ‘& J. Pitocchelli. 1994, Using stable
isotopes to determine seabird trophic relationships. Journal
of Animal Ecology 63: 786-798.

Kunz, T.H. & C.A. Diaz. 1995. Folivory in {ruit-eating bats, new
evidence from Antibews jamaicensis (Chiraptera : Phyllos-
tomidac). Biotropica 27: 106-120.

Mizutani, H,, M. Fukuda & Y. Kabaya. 1992. '°C and N
enrichment factors of 11 species of adult birds Ecology 73:
1391-139s.

Palmeirim, J. M., D.L. Gorchov & S. Staleson. 1989. Trophic
structure of a neotropical community : Is there competition
between birds and bats? Qecologia 79: 403-411.

Rodriguez-Duran, A. & A.R. Lewis. 1987. Patterns of population
size, diet, and activity time for an assemblage of bats at a
cave in Puerto Rico. Caribbean Journal of Science 23: 352-
360.

“~

i
i
,
|
|
|
;
\
|
|
|
|
r




HERRERA, FLEMING AND STERNBERG 29

Sealy, J.C., N. van dec Merwe, J.A. Lee Thorp & J.L. Lanham.
1987. Nitrogen isotopic ecology in southern Africa : Implica-
tions for environmental and dietary tracing. Geochimica. et
Cosmochimica Acta 51:2707-2717.

Thomas, D.W. 1984. Fruit intake and erergy budgets of
frugivorous bats. Physiological Zoology 57: 457-
467.

Thomes, D.W. 1988. .Analysis of diets of plant-visiting bats. pp.
2(1-220. In: T.H. Kunz (ed.) Ecological and Behavioral
Methods for the Study of Bats. Smithsonian Institution Press,
Washington.

Tieszen, L.L., T.W. Boutton, K.G. Tesdahl & N.A. Slade. 1983,
Fractionation and tumover of stable carbon isotopes in animal
tissues : Implications for §'°C analysis of dict. Qecologia 57:
32-37.

Whitaker, J.O. 1988. Food habits analysis of insectivorous bats.
pp. 171-190. In: T.H. Kunz (ed.) Ecological and Behavioral
Methods for the Study of Bats. Smithsonian Institution Press,
Washington.

Willig, M.R., G.R. Camilo & S.J. Noble. 1993, Dietary overlap in
frugivorous and insectivorous bats from edaphic cerrado
habitat of Brazil. Journal of Mammalogy 74: 117-128.



