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Abstract: We compared the species diversity of copronecrophagous beetles (Scarabaeinae), bats, and frogs in
tropical montane cloud forest (original vegetation) and shaded coffee plantations (an agroecosystem common
to the region) for a landscape in central Veracruz, Mexico. We sampled in three tropical montane cloud forest
fragments and in three coffee plantations with traditional polyculture shade between 1998 and 2001. The three
indicator groups responded differently to the transformation of tropical montane cloud forest into shaded coffee
plantations. The species richness of frogs was one-fifth less in coffee plantations than in forest fragments, and
only one-third of the frog species occurred in both forest fragments and coffee plantations. The number of beetle
species and their abundance was significantly greater in coffee plantations than in the forest fragments, whereas
species richness and species composition of bats were virtually the same in both habitats. The majority of the
abundant species remained as such in both communities, but species that were less abundant were not scarce
in both habitats. We attributed differences in the species assemblages to the differing degrees of penetrability of
the borders of the two habitat types (especially for the coffee plantations) and to the differences in life-history
traits among species. Shaded coffee plantations form a matrix that envelops the remaining fragments of cloud
forest. Together they connect the forest fragments with the other habitats of the landscape and represent a highly
functional resource for the preservation of biodiversity that serves as a complement to but not a substitute for
cloud forest in this notably modified landscape.
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Diversidad de Ranas, Murciélagos y Escarabajos del Estiércol en el Bosque de Niebla y Agrosistemas de Café en
Veracruz, México

Resumen: Comparamos la diversidad de especies de escarabajos copronecrófagos (Scarabaeinae),
murciélagos y ranas en bosque tropical montano nublado (vegetación original) y en plantaciones de café
de sombra (un agrosistema común en la región) en un paisaje en el centro de Veracruz, México. Entre 1998 y
2001 muestreamos en tres fragmentos de bosque tropical montano nublado y en tres plantaciones de café con
sombra de policultivo tradicional. Los tres grupos indicadores tuvieron diferente respuesta a la transformación
de bosque tropical montano nublado en plantaciones de café de sombra. La riqueza de especies de ranas fue
una quinta parte menor en las plantaciones de café que en los fragmentos de bosque, y solo la tercera parte
de las especies de ranas ocurrieron tanto en los fragmentos de bosque como en las plantaciones de café. El
número de especies de escarabajos y su abundancia fue significativamente mayor en las plantaciones de
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café que en los fragmentos de bosque, mientras que la riqueza y composición de especies de murciélagos fue
casi igual en ambos hábitats. La mayoŕıa de las especies abundantes lo fueron en ambas comunidades, pero
especies que fueron menos abundantes no fueron las mismas en ambos hábitats. Atribuimos las diferencias
en los ensambles de especies a los diferentes grados de penetrabilidad de los bordes de los dos tipos de hábitat
(especialmente en las plantaciones de café) y a las diferencias en caracteŕısticas de la historia de vida de las
especies. Las plantaciones de café de sombra forman una matriz que rodea a los fragmentos remanentes de
bosque de niebla. En conjunto, conectan a los fragmentos de bosque con los demás hábitats en el paisaje y rep-
resentan un recurso altamente funcional para la preservación de biodiversidad que sirve como complemento,
pero no sustituto, del bosque de niebla en este paisaje notablemente modificado.

Palabras Clave: bosque tropical montano nublado, café de sombra, grupos indicadores, México

Introduction

Coffee is one of the most important agricultural exports
for many Latin American countries (Perfecto et al. 1996).
In Veracruz, Mexico, as in many other mountainous tropi-
cal zones, farmers grow Coffea arabica L. beneath shade.
The shade may be provided by one species—usually an
arboreal legume—or by many species (polyspecific), in-
cluding tree species of the tropical montane cloud forest
(TMCF). The canopy creates an understory microclimate
that provides the light intensity, humidity, and temper-
ature required by coffee plants, particularly the criolla
and Borbón varieties grown in the region. Shade trees
also protect the soil from erosion and reduce the need
for fertilizers and pesticides.

Given the similarities in the environment and the vege-
tation structure, shaded coffee plantations (SCP) possess
a species richness similar to that of native forests, espe-
cially when the canopy is made up of a wide variety of
trees. Furthermore, they have greater species richness
than plantations where the canopy is composed of only a
few different tree species (Perfecto et al. 1996; Moguel &
Toledo 1999). The majority of studies on the species rich-
ness in SCP under different management regimes have
been done with arthropods (Perfecto & Snelling 1995;
Perfecto et al. 1997; Ibarra-Núñez & Garćıa-Ballinas 1998;
Perfecto & Vandermeer 2002; Arellano & Halffter 2003)
and birds (Greenberg et al. 1997; Daily et al. 2001). Other
studies have been done with mammals (Estrada et al.
1993; Gallina et al. 1996), frogs (Pineda & Halffter 2004),
and plants (Soto-Pinto et al. 2001). Few studies have si-
multaneously compared the species diversity of different
taxa in coffee plantations and native forest under the same
transformation scenario (Perfecto et al. 2003). There is a
debate about whether SCP can provide sufficient refuge
to preserve and maintain biodiversity as native tropical
forests are cleared (Rappole et al. 2003).

In Mexico many areas dedicated to growing coffee
with shade are in zones originally occupied by TMCF.
Although TMCF covers <1% of Mexico, it is the richest
vegetation type in species per unit area and boasts a high
number of endemics (Rzedowski 1998). As the expan-

sion of coffee plantations has occurred at the expense
of TMCF, the latter has been notably reduced in area and
fragmented (Challenger 1998). In our study region, the
relatively undisturbed fragments of TMCF together repre-
sent approximately 10% of the original area covered by
this type of forest (Williams-Linera et al. 2002).

We tested a strategy for understanding the effects of
habitat transformation on biodiversity in various land-
scapes, with an eye to evaluating the importance of con-
served and managed areas in species maintenance and
conservation. After Halffter (1998), our strategy was based
on (1) the use of several indicator groups with different
biological and ecological attributes, distinct evolutionary
histories, and sensitivity to ecological disturbances; (2) an
evaluation of alpha (species richness) and beta (species
exchange) diversity for each group; and (3) a comparison
of the responses of the different indicator groups.

Copronecrophagous beetles, bats, and frogs have been
cited as useful indicators of the impact of habitat modifi-
cation. We based our methods on the ecological indica-
tors concept, which allows that particular taxa are highly
sensitive to environmental changes and thus indicative of
habitat alteration, fragmentation, and climate change (Mc-
Geoch 1998). A useful indicator group (1) is taxonomi-
cally diverse and well known, (2) has an abundance of nat-
ural history data available, (3) is easily sampled and sorted,
(4) contains species that have high ecological fidelity and
functional importance within the ecosystem, and (5) ex-
hibits a rapid response to environmental changes.

Copronecrophagous beetles (Coleoptera: Scarabaei-
dae: Scarabaeinae) have specialized feeding and nesting
habits, particular habitat requirements, and a low disper-
sal capacity (Klein 1989; Halffter et al. 1992; Escobar &
Chacón-Ulloa 2000). They are also known for their role
in the recycling of nutrients and in seed dispersal (Mittal
1993). The various diets of bats include fruit, pollen, nec-
tar, small vertebrates, insects, other arthropods, and mam-
malian blood. Their roles in the ecosystem are most no-
tably pollination, seed dispersal, and seed predation (Fen-
ton et al. 1992; Medelĺın et al. 2000; Moreno & Halffter
2000). Habitat transformation has caused the decline of
many frog populations around the world (Blaustein et al.
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1994), and because of their biphasic life cycle, permeable
skin, variety of reproductive modes, limited vagility, and
strong philopatry, they can be quite sensitive to small-
scale environmental changes (Wake 1991; Lips 1998).

To examine the responses of copronecrophagous bee-
tles, bats, and frogs to the transformation of TMCF into
SCP, we analyzed the patterns of species diversity in these
two habitats. Although the environmental characteristics
of SCP are similar to those of the native forest, the habitat
is altered. We expected that this transformation of the for-
est would reduce species richness in the three indicator
groups and that the magnitude of the reduction would
vary among the taxa as a result of specific characteristics
of each group.

In this study, we (1) examined whether the transforma-
tion of TMCF into SCP reduces species richness (alpha
diversity) of copronecrophagous beetles, bats, or frogs;
(2) determined how many of the indicator-group species
in TMCF are also present in SCP (beta diversity); (3) eval-
uated the abundance and evenness patterns for the three
groups in both habitats; and (4) identified those guilds
most affected by the transformation of TMCF to SCP.

We also evaluated the reliability and significance of the
data we gathered on species diversity and its changes by
indicator group. Finally, we examined how useful indica-
tor groups are for monitoring biodiversity and its change
in landscapes subject to anthropogenic activities.

Methods

Study Area

We examined three TMCF remnants and three SCP, all
located in the highlands of the La Antigua River basin
(1120–1590 m above sea level [asl]), west of Xalapa, Ver-
acruz, Mexico. Mean annual temperature varies between
17 ◦ and 20◦ C, and total annual rainfall ranges from 1600
to 1900 mm, falling mostly between May and October.
The terrain is rugged and the soils are mainly of volcanic
origin. Most of the area was originally covered by TMCF
(Williams-Linera et al. 2002), and coffee was introduced
to the region at the beginning of the nineteenth century.
Between the end of the nineteenth century and the mid-
dle of the twentieth century the forest underwent the
most severe transformation (Challenger 1998). Currently,
both TMCF remnants and SCP form part of a heteroge-
neous mosaic that also contains cattle pastures, sugar-
cane, corn fields, secondary vegetation, and human set-
tlements (Williams-Linera et al. 2002).

A wide variety of tree species are found in the rem-
nants of TMCF, notably oaks (Quercus), sweetgum (Liq-
uidambar), elm (Ulmus), summersweet (Clethra), Amer-
ican hornbeam (Carpinus), jonote (Heliocarpus), haya
(Platanus), and many epiphytes and lianas. The forest
remnants we studied were 62 ha (TMCF-1), 72 ha (TMCF-

2) and 18 ha (TMCF-3), and had an average canopy cover
of 89%, 92%, and 84%, respectively. Cattle pastures, sec-
ondary vegetation, and SCP surrounded the forest frag-
ments. The area of TMCF remnants has been reduced by
fragmentation, and species composition of the remaining
patches of TMCF has been directly altered by human ac-
tivity (Williams-Linera 2002). Trees, ferns, and epiphytes
are selectively harvested in the area, and the greatest con-
tinual pressure is on large fauna.

The vegetation structure of the SCP is complex and sim-
ilar to the SCP that Moguel and Toledo (1999) classified
as traditional polyculture. Two arboreal strata comprised
the canopy: an upper stratum with a height of 20–25
m, which was composed mainly of elms, jonotes, oaks,
matapalos (Ficus), and Oreopanax, and a lower strata
5–15 m tall, which was composed of cultivated species
such as chalahuite and jinicuil (Inga), orange, banana, av-
ocado, and guava (Psidium guajava L.), among others.
Epiphytes were notably abundant. The SCP we studied
were 104 ha (SCP-1), 63 ha (SCP-2), and 41 ha (SCP-3),
and had an average canopy cover of 52%, 68%, and 48%,
respectively. Forest fragments, cattle pastures, secondary
vegetation, and human settlements surrounded the three
SCP.

All sample sites included at least one river or stream,
and the minimum distance between sites was >2250 m.
Both the forest fragments and the coffee plantations stud-
ied have existed as such for more than 20 years.

Copronecrophagous Beetle Sampling

From April to October 2001 we surveyed each forest rem-
nant and each plantation three times. We laid 16 to 18
pitfall traps, separated by 25 m along one transect and
alternately baited them with human excrement and de-
composing squid. After the traps were deployed for 48
hours, we checked the contents and collected them in
plastic bags. Later, we cleaned the collected specimens
and counted the number of species.

Bat Sampling

We counted only Phyllostomidae and Mormoopidae be-
cause they belong to common taxonomic and biogeo-
graphic units and are easy to catch in a mist net (Moreno
& Halffter 2000). We deployed seven mist nets at ground
level (four 12-m-long and three 9-m-long, 38-mm nets,
all 2.5 m high). We opened the 75 m of netting for 3
hours starting at nightfall. Each forest remnant or coffee
plantation was sampled twice between June 1998 and
May 1999, for a total of six sampling nights per habitat.
This represents the minimum sampling effort required
to record 90% of the total bat fauna in a homogeneous
area (Moreno & Halffter 2000). Because the bat inven-
tory for the forests did not appear to be complete after
this effort, we conducted another 4 nights of sampling
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between May and June of 2001. To avoid capture bias, and
because of the bats’ lunar phobia, we sampled on moon-
less nights. We checked nets every 30 minutes, identified
bats captured to species level with field keys (Medelĺın
et al. 1997), marked each with a plastic collar, and then
freed them at the site of capture.

Frog Sampling

We sampled frogs between May and November of 1998
and 2000, visiting each forest fragment and coffee planta-
tion 11 to 13 times. Using a time-constrained technique
(Scott 1994), we collected frogs from all possible micro-
habitats at dusk, during the night, and at dawn. Capture
effort was measured in person-hours (e.g., 1 visit of 1.5
hours × 2 people = 3 person-hours). The first individual
of each species captured was preserved in a 70% alcohol
solution as a voucher specimen. After identification, we
released the other frogs where they had been captured.
We recorded incidence for each species.

Data Analysis

For each of the indicator groups, we evaluated alpha diver-
sity (within habitat) in both habitats with species accumu-
lation curves and species richness estimates. We obtained
smoothed accumulation curves through repeated random
reordering (50 repetitions) of the samples in the pro-
gram EstimateS (Colwell 2000). To determine the inven-
tory completeness for each group, we used four species
estimates: two parametric (Clench’s model and the lin-
ear dependence model [Soberón & Llorente-Bousquets
1993]), and two nonparametric (Chao 2 and bootstrap
[Colwell & Coddington 1995; Colwell 2000]). For each
group, beta diversity (between habitats) was calculated
with a complementarity index (Colwell & Coddington
1995) that expressed the difference in the lists of species
of two habitats as a percentage:

C = S j + Sk − 2Vjk

S j + Sk − Vjk
× 100,

where Sj and Sk are the number of species in habitats j
and k, respectively, and Vjk is the number of species found
in both habitats. The minimum value of C is zero, when
the species lists are identical for the two habitats. A max-
imum value of 100 indicates that the lists are completely
different.

To compare abundance or frequency patterns and
species evenness between habitats and among the indi-
cator groups, we used dominance-diversity graphs, also
known as Whittaker curves or abundance-range graphs
(Feinsinger 2001). We analyzed abundance patterns for
beetles and bats and observation frequency patterns for
frogs (the number of occasions on which a given species
was observed at each site).

To detect whether the proportion of guilds for each
taxa is habitat dependent, we grouped species into dif-

ferent categories according to their natural-history at-
tributes. We characterized beetles (after Hanski & Cam-
befort 1991) by size (total length) as large (>10 mm) or
small (≤10 mm), and by feeding habit as (1) coprophages
if more than 75% of the individuals were captured in traps
baited with excrement, (2) necrophages if more than
75% of the individuals were captured in traps baited with
squid, or (3) generalists or copronecrophages if a species
did not fall into either of the other two groups. We classi-
fied collected bat species by size (forearm length) as large
(>50 mm) or small (≤50 mm), and by feeding habit as
frugivores, insectivores, nectarivores, or hematophages.
Frog species were classified according to criteria set by
Duellman (1970), Crump (1974), and Campbell (1999a)
by size (snout-vent length) as large (>40 mm) or small
(≤40 mm). We also classified frog species by reproduc-
tive mode: (1) eggs and larvae develop in water, (2) eggs
develop out of water and larvae develop in water, or (3)
eggs and larvae develop out of water.

We used a G test for contingency tables (having done
a Yates correction): 2 × 6 for the bats and frogs and 2 ×
5 for the beetles (because one of beetle guilds was not
represented). To specifically detect those guilds whose
proportional size depended on habitat type, we subdi-
vided the contingency tables and submitted the data to
the same test (Zar 1996).

Results

Estimate of Species Richness and Beta Diversity

Seventeen species of beetles were collected: 8 from TMCF
and 16 from SCP (Table 1). The species accumulation
curve for TMCF reached an asymptote and that of the SCP
nearly did (Fig. 1a). Richness estimates indicated that in
TMCF more than 94% of the species present were cap-
tured, whereas more than 90% were captured in SCP (Ta-
ble 2). The estimates predict that as many as 18 species
could be recorded for the group of sites studied. The com-
plementarity value (59%) was determined by the 9 species
recorded exclusively in SCP and the lone species that was
exclusive to TMCF (Table 1). Seven species occurred in
both TMCF and SCP.

Eleven bat species occurred in the habitats studied. The
same number of species (10) was found in each habitat
type, with only one species differing between them (Table
1). The species accumulation curves did not reach an
asymptote (Fig. 1b). The richness estimates indicated that
the inventory levels in TMCF and in SCP were above 76%
and 86%, respectively (Table 2), even though the sampling
effort was greater in the forest than in SCP. The highest
species richness expected for the two habitats, according
to the Chao 2 estimator, was 13 species—2 more than
we recorded here. Because only 1 species (Desmodus
rotundus) was recorded exclusively in TMCF and one
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Table 1. Beetle, bat, and frog species recorded in tropical montane cloud forest (TMCF) and shaded coffee plantations (SPC), and their abundance
and natural history traits.a

TMCF SCP Natural history

Code Species 1 2 3 1 2 3 feeding size

A Dichotomius satanas 64 36 46 79 113 381 C L
B Onthophagus cyanellus 9 12 12 5 47 75 G S
C Deltochilum mexicanum 16 114 1 1 C L
D Onthophagus rhinolophus 49 39 25 G S
F Onthophagus incensus 2 1 1 2 16 62 C S
G Coprophanaeus telamon 36 10 15 N L
H Onthophagus subcancer 59 1 C S
I Ontherus mexicanus 14 11 2 C S
J Phanaeus endymion 18 G L
K Copris incertus 3 1 1 6 3 C L
L Eurysternus magnus 6 2 1 1 C L
M Onthophagus hoepfneri 4 C S
N Dichotomius colonicus 2 1 C L
O Eurysternus mexicanus 1 1 G L
P Onthophagus nasicornis 2 G S
Q Onthophagus mextexus 1 G S
R Scatimus ovatus 1 C S

total 167 181 63 177 239 584

bats feeding size
A Sturnira ludovici 12 64 24 22 90 9 F S
B Artibeus jamaicensis 1 2 54 3 F L
C Carollia brevicauda 2 12 1 1 7 F S
D Artibeus lituratus 1 2 7 F L
E Glossophaga soricina 1 1 1 5 Ne S
F Artibeus intermedius 1 3 1 1 F L
G Anoura geoffroyi 3 1 1 Ne S
H Dermanura phaeotis 2 2 1 F S
I Pteronotus davyi 2 1 I S
J Mormoops megalophylla 1 I L
K Desmodus rotundus 1 H L

total 18 84 28 30 161 22

frogsb RM size
A Hyla miotympanum 8 9 9 2 8 4 1 S
B Rana berlandieri 7 8 6 6 8 4 1 L
C Eleutherodactylus rhodopis 7 8 6 4 3 3 S
D Eleutherodactylus pygmaeus 4 4 6 6 5 3 S
E Eleutherodactylus cystignathoides 4 5 5 3 5 3 S
F Hyalinobatrachium fleischmanni 5 6 5 2 S
G Bufo valliceps 2 4 3 4 1 L
H Eleutherodactylus mexicanus 4 3 6 3 S
I Eleutherodactylus decoratus 4 6 3 S
J Eleutherodactylus berkenbuschi 4 4 3 L
K Hyla taeniopus 3 4 2 L
L Bufo cristatus 2 4 1 L
M Hyla picta 1 2 2 2 S
N Leptodactylus fragilis 1 3 2 S
O Hyla arborescandens 3 2 L
P Eleutherodactylus alfredi 3 3 S
P Eleutherodactylus spatulatus 2 1 3 S
R Gastrophryne usta 1 2 1 S
S Hyla mixomaculata 2 2 S
T Smilisca baudini 2 1 S
U Scinax staufferi 2 1 L

total 41 40 59 40 44 30

aAbbreviations: 1, eggs and larvae in water; 2, eggs outside water and larvae in water; 3, eggs and larvae outside water; S, small; L, large; C,
coprophage; N, necrophage; G, generalist; F, frugivore; I, insectivore; H, hematophage; Ne, nectarivore; RM, reproductive mode.
bThe numbers in columns 3 to 8 denote the number of times the species was observed at each site.
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Figure 1. Species accumulation curves for the three
indicator groups in tropical montane cloud forest
(TMCF), shaded coffee plantations (SCP), and in both
habitats (C is complementarity index [see Methods]):
(a) dung beetles, (b) bats, and (c) frogs.

in SCP (Mormoops megalophylla), the complementarity
value (18%) was the lowest obtained for the three groups
studied.

Twenty-one frog species occurred in the two habitats.
Of these, 16 were collected in TMCF and 13 in SCP. The
species accumulation curves reached asymptotes for both

Table 2. Observed and estimated species richness in tropical montane
cloud forest (TMCF), shaded coffee plantations (SCP), and both
habitats of beetles, bats, and frogs based on parametric and
nonparametric methods.

Species richness estimator∗ Both habitats TMCF SCP

Beetles
species observed 17 8 16
Clench model 17.6 8.5 17.8
Chao 2 17.8 8.0 17.1
bootstrap 18.1 8.1 17.7
completeness 94–97 94–100 90–94

Bats
species observed 11 10 10
linear-dependence model 10.7 10.8 10.2
Chao 2 13.0 13.1 11.6
bootstrap 11.8 11.9 11.2
completeness 85–100 76–93 86–99

Frogs
species observed 21 16 13
Clench model 23.0 17.9 14.5
Chao 2 21.0 16.0 13.0
bootstrap 21.6 16.4 13.5
completeness 91–100 89–100 90–100

∗Completeness is a percentage of estimated richness
(minimum-maximum).

habitats (Fig. 1c). Species richness estimates indicated
that the inventory level was >89% in both habitats (Ta-
ble 2). According to the Clench model, the highest ex-
pected richness for the two sites is 23 species. The com-
plementarity value for frogs (62%) was the highest of the
values obtained for the three groups studied. Of the 21
species collected, 8 were exclusive to TMCF and 5 to SCP
(Table 1).

Abundance Patterns

We collected a total of 1411 copronecrophagous beetles:
71% in SCP and 29% in TMCF (Table 1). In the dominance-
diversity graphs for the beetles in these habitats (Fig. 2a)
the slopes are similar, although neither the abundance dis-
tribution pattern nor the hierarchical order of the species
was similar. In TMCF two beetles were dominant, four
were moderately high in abundance, and two were mod-
erately low in abundance. There were no rare species
or species with low abundance (one or two individuals).
In SCP only one species was notably abundant, four were
moderately high in abundance, another four were of mod-
erately low abundance, and seven were rare ( Fig. 2a).
Dichotomius satanas was the most abundant species in
both habitats and the only one that maintained the same
hierarchical position. This species represented 50% of all
the individuals captured in both habitats. Deltochilum
mexicanum was the second most abundant beetle in the
forest but was practically absent from the coffee plan-
tations. There was a marked increase in the number of
beetle species in SCP, and several species had very few
individuals.
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Figure 2. Dominance-diversity graphs for the three
indicator groups in tropical montane cloud forest
(TMCF) and shaded coffee plantations (SCP): (a) dung
beetles, (b) bats, and (c) frogs. Species codes (capital
letters) are defined in Table 1, ni is the number of
individuals of each species, and N is the number of
individuals of all species.

In all, we collected 343 phyllostomid and mormoopid
bats: 62% in SCP and 38% in TMCF (Table 1). The
dominance-diversity graphs had similar slopes and the
same distribution pattern for two dominant species, four
species of intermediate abundance, and four rare species.
Although we found 9 of the 10 species in both habitats,
only 2 species occupied the same hierarchical position:
Sturnira ludovici and Glossophaga soricina (Fig. 2b). S.
ludovici was the most abundant species both in TMCF
and in SCP (77% and 57% of the total number of individ-
uals, respectively; Table 1). The second most abundant
species was Carollia brevicauda in TMCF and Artibeus
jamaicensis in SCP. None of the four species that were
rare in one habitat were also rare in the other habitat.

Of 254 frogs that we captured, 54% were caught in
TMCF and 46% in SCP (Table 1). The slopes of the
dominance-diversity graphs were similar for both habi-
tats and were not as steep as those of the bats or the co-
pronecrophagous beetles. The dominance-diversity pat-
terns were also less defined than those of the other two
groups (Fig. 2c). No one species was clearly dominant
in terms of observation frequency, and no species main-
tained the same hierarchical position in the two habitats.
Hyla picta was the only rare species in both habitats.
With the exception of Bufo valliceps, which was moder-
ately abundant in the SCP and rare in TMCF, the other rare
species were exclusive to one habitat or the other.

Guilds and Habitat Modification

The 17 species of beetles fell into five of the six pos-
sible guilds. The missing guild was small necrophages.
Five guilds were registered for SCP, and only three were
recorded for TMCF, where both large necrophages (Co-

Figure 3. Proportion of guilds of the three indicator
groups in tropical montane cloud forest (TMCF) and
shaded coffee plantations (SCP): (a) dung beetles, (b)
bats, and (c) frogs. In (c) rm1, rm2, and rm3 refer to
reproductive modes 1, 2, and 3 (see Methods).
Numbers in bars denote the proportion (%) of
individuals that belonged to each guild.

prophanaeus telamon) and large generalists (Phanaeus
endymion and Eurysternus mexicanus) were absent. In
both habitats the large coprophage guild was the most
abundant (Fig. 3a), representing 70% of the individuals
collected in TMCF and 59% of the individuals collected
in SCP. The proportion of individuals belonging to each
guild depended on habitat type (χ2 = 135.41, p < 0.001).
All guilds were habitat dependent: large coprophages (χ2

= 15.99, p < 0.01); large generalists (χ2 = 10.08, p <

0.01); large necrophages (χ2 = 38.15, p < 0.001); small
coprophages (χ2 = 40.15, p < 0.001); and small general-
ists (χ2 = 54.72, p < 0.001; Fig. 3a).

The 11 bat species recorded fell into six guilds, of
which four were recorded in TMCF and four in SCP. The
only hematophage (Desmodus rotundus) was found only
in the forest, and the only large insectivore (Mormoops
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megalophylla) was found only in SCP. In both habitats
the small frugivore guild was the most abundant (92%
and 61% of the total number of individuals collected in
the TMCF and SCP, respectively; Fig. 3b). The proportion
of individuals belonging to each guild depended on habi-
tat type (χ2 = 57.58, p < 0.001). Small frugivores (χ2 =
40.75, p < 0.001), and large frugivores (χ2 = 57.43,
p < 0.001; Fig. 3b) were dependent on habitat transfor-
mation.

The 21 frog species recorded fell into six guilds. All
six were recorded in TMCF, with only four in the SCP. In
the plantation, we did not find any large species whose
eggs develop out of the water and larvae develop in water
(reproductive mode 2, Hyla arborescandens and H. tae-
niopus). We also did not find the only large species whose
eggs and larvae develop out of water (reproductive mode
3, Eleutherodactylus berkenbuschi; Fig. 3c). The most
abundant guild in the forest and the plantation was the
small species with reproductive mode 3 (42% and 37%,
respectively). As observed for beetles and bats, the pro-
portion of individuals belonging to each guild was habitat
dependent (χ2 = 18.87, p < 0.005). The guilds with the
greatest degree of dependence were large species with re-
productive mode 2 (χ2 = 7.98, p < 0.005), large species
with reproductive mode 3 (χ2 = 4.77, p < 0.05), and
small species with reproductive mode 2 (χ2 = 5.55, p <

0.025; Fig. 3c).

Discussion

Our results indicated that the three groups of fauna re-
sponded to the same scenario of habitat transformation
in different ways. For the copronecrophagous beetles,
SCP appeared to allow for greater species diversity, given
that both the number and abundance of individuals was
notably greater than in the TMCF fragments. The differ-
ences in habitats did not appear to affect bats because
the number and identity of species was virtually the same
in both habitats. For the frogs, SCP was a less amenable
habitat than TMCF because, in addition to a 20% reduc-
tion in species richness, there was 62% dissimilarity in
the composition of the frog species assemblages.

Species Richness, Beta Diversity, and Guilds

COPRONECROPHAGOUS BEETLES

Of the total number of species captured in both habitats,
94% and a high proportion of individuals for the majority
of the species were caught in SCP. Only 3 of the 17 species
captured (Deltochilum mexicanum, Onthophagus sub-
cancer, and Ontherus mexicanus) were more abundant
in TMCF than in SCP. Arellano and Halffter (2003) re-
ported 18 species, found between 1990 and 1996, for a
group of TMCF remnants and SCP in the same landscape.

We found 1 species (Eurysternus mexicanus) that Arel-
lano and Halffter (2003) did not, although they did find it
at the next lowest elevational level (<1000 m asl).

The cumulative list of species obtained over several
years of sampling in the same study region has 19 species
of Scarabaeinae, two more than the number of species
we recorded in this study. During 1 year of sampling in
the TMCF-1, however, Arellano and Halffter (2003) found
5 more species (Onthophagus höepfneri, Onthophagus
nasicornis, Onthophagus mextexus, Scatimus ovatus,
and Eurysternus mexicanus) than we found (7 species)
in the same site. Each of these 5 species, however, had a
low abundance (one or two individuals). It is possible that
increased sampling time allows species with low popu-
lation densities to be detected in environments, such as
TMCF, that are structurally more complex or where yearly
variation in their presence is notable. In SCP we collected
the 5 species in equally low abundances (Table 1).

The abundance of Dichotomius satanas, a large co-
prophage beetle, in SCP was almost four times its abun-
dance in TMCF. This could be because there is more hu-
man excrement available in SCP. Hanski and Cambefort
(1991) proposed that greater resource availability results
in an increase in the abundance of coprophagous beetles
and allows species with larger body sizes to prosper. We
found dramatically more Deltochilum mexicanum, an-
other large coprophage, in TMCF (131 individuals) than
in SCP (1 individual). This suggests that this species is
highly sensitive to the microenvironmental changes re-
sulting from the transformation of forest into coffee plan-
tation. Arellano et al. (2005) also found that Deltochilum
mexicanum occurred in the forest but not in SCP or other
habitats. Similarly, there were notably fewer Onthopha-
gus subcancer and Ontherus mexicanus, coprophages of
small and medium size, respectively, in coffee plantations.
Onthophagus subcancer was not even recorded for SCP,
suggesting that these species are also highly sensitive to
the transformation of the forest.

The high permeability of the habitat edges to Scara-
baeinae is noteworthy and occurred under the environ-
mental conditions of the landscape we studied. The op-
posite (i.e., decreased habitat permeability) occurs in the
majority of tropical landscapes (Halffter & Arellano 2002).
The reason for this may lie in the climatic characteristics
of the landscape being studied (ample cloud cover, fre-
quent rains, and high environmental humidity, for exam-
ple), but it may also be a result of the disturbance of the
TMCF fragments and the peculiar arboreal composition of
the SCP—two elements that dilute the ecotone between
both types of community.

BATS

The ability of bats to fly several kilometers in a single night
and the arboreal cover of the SCP gives the landscape uni-
formity, reducing the structural and microenvironmental
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differences between TMCF and SCP. This may explain the
similar species richness and composition between the
two habitats. Differences in the hierarchy of the majority
of bat species in each habitat (except Sturnira ludovici
and G. soricina), could be related to variable resource
availability. Understory turnover and the introduction of
cultivated plants into the SCP appear to create differences
in food availability for some species. In the SCP of this
region, fruit trees of banana, guava, and Ficus are often
planted. Because these provide food for large frugivorous
bats, this guild is favored in SCP (see also Estrada et al.
1993).

For bat fauna, SCP can clearly function as a landscape
reservoir, furnishing both roosting sites and food. The sim-
ilarity in the species diversity of the SCP and the natural
habitats notwithstanding, the long-term conservation of
this fauna may depend in large measure on the fragments
of forest in the landscape mosaic, as has been suggested
for other Neotropical regions that have undergone exten-
sive transformation (Estrada & Coates-Estrada 2001). In
addition, other published evidence suggests that in the
study landscape, SCP can function as reservoir for other
biological groups such as soil macrofauna and mesofauna
( Juárez 2000).

FROGS

Frogs were the only group we studied for which the re-
sults approach the proposed explanation: that differences
caused by the transformation of the forest would be re-
flected in a reduction in species richness. In SCP there
were 20% fewer species (13) than in TMCF (16), and as
such, SCP alone could not maintain all the frog species
of native TMCF. Although we found only half the 16 frog
species recorded for the forest in SCP, it was a suitable
environment for 5 other species not found in our patches
of TMCF.

In a study carried out in the same area, Pineda and
Halffter (2004) collected 21 frog species for the entire
landscape. Thirteen species were recorded for the SCP,
none of which were exclusive. We also collected 21
species, of which only 8 were found exclusively in the
TMCF and 5 in SCP. This gives a high value (63%) of beta di-
versity between these two habitat types. Of the 8 species
found exclusively in the forest, 5 (Bufo cristatus, Hyla
arborescandens, H. mixomaculata, H. taeniopus and
Eleutherodactylus berkenbuschi) have been recorded ex-
clusively in other locations in well-conserved TMCF (Du-
ellman 1970; Mendelson 1997; Campbell 1999b), sug-
gesting that they are particularly sensitive to the trans-
formation of TMCF. The other three species (Hyla picta,
Eleutherodactylus spatulatus, and Leptodactylus frag-
ilis) have been caught in different types of vegetation
or in disturbed habitats (Lee 1996; Campbell 1999b).

Similarly, the five species found exclusively in SCP have
also been registered in small fragments of TMCF in the

same landscape (Pineda & Halffter 2004). The microenvi-
ronmental characteristics of small forest fragments and
those of SCP are probably similar enough that similar
species are found in both types of habitat. The variabil-
ity in the frog species exclusive to the two habitats can
probably, as for the beetles, be attributed to the degree of
permeability of the limits between communities.

Because none of the frog species maintained the same
hierarchical position in both habitats, all species were
probably affected to some degree by the transformation
of the forest. The decrease in canopy cover could be one
of the main factors affecting the presence and abundance
of frogs because a reduction in canopy cover leads to an
increase in temperature and a decrease in relative humid-
ity and soil moisture content (Murcia 1995). Frogs need
to keep their skin moist for gaseous exchange and rely
on external heat to regulate their body temperature. A
warmer, drier environment would negatively affect sev-
eral species, especially those that lay their eggs out of the
water and have aquatic larval development because their
clutches would be more vulnerable to atmospheric des-
iccation. This would also be true of large species because
their greater surface area would result in a greater loss of
water through evapotranspiration. The importance of the
canopy as a determinant of the presence and abundance
of several frog species coincides with the findings of Toral
et al. (2002) in that arboreal cover is the most important
variable with respect to the presence of Leptodactylid
frogs in a cloud forest in Ecuador.

Frog species respond strongly but differently to the de-
gree of landscape fragmentation. Two of the coffee plan-
tations studied by Pineda and Halffter (2004) were as rich
as or richer in species than some individual fragments of
TMCF. The dissimilarity in the composition of the species
assemblages between both habitat types, however, was
>50%. These plantations had 23% to 36% less canopy
cover than the TMCF but were notably larger (2 to 7 times)
than the forest fragments we studied.

Whether the patterns of species diversity we found
would hold if the comparison were between SCP or TMCF
fragments and larger, well-conserved TMCF is an inter-
esting question. Unfortunately there is no site with such
characteristics in the study area. To have a point of refer-
ence for the species diversity in the study landscape, we
compared our results with information from several stud-
ies (including other, more disturbed land covers). Surveys
covering a span of 100 years in this landscape (Flores-
Villela 1998; Pineda & Halffter 2004) have reported 24
species of frogs, whereas we recorded 21 (88%) of those
species. For copronecrophagous beetles, we recorded 17
(89%) of the 19 species recorded in the same landscape
by others (Arellano & Halffter 2003; Arellano et al. 2005).
For bats there were no data to compare with our findings.
Overall, our data suggest that SCP and TMCF fragments
altogether maintain an important proportion of species
diversity in the study landscape.
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Conclusion

The changes in species diversity for the two habitats sur-
veyed occurred most notably in species with few indi-
viduals, revealing the high degree of instability of species
with low abundances in assemblages that, for various rea-
sons, are poorly consolidated. This seems to be related
to the permeability of the limits between habitats (be-
tween coffee plantations and the rest of the landscape)
that allow for the occasional presence of tourist species.
For the frogs and particularly for the beetles, the com-
position of the fauna of the SCP (an agroecosystem that
preserves many species of the original forest) is unstable.
This fauna is composed of elements originally from the
TMCF and a notable but variable number of species that
are more heliophilic from other habitats of the landscape.

As for the relative usefulness of the indicator groups,
bats were not useful at the landscape scale we examined,
beetles and frogs clearly reflected landscape differences,
and frogs had greater sensitivity to habitat modification.
Even the evidence provided by good indicator groups,
however, should be considered with caution. Changes
in the number of species where the species are repre-
sented only by a few individuals could be the result of the
random capture of truly rare species. But these changes
could also be the outcome of capturing transient species,
whose presence within a habitat is purely occasional. The
presence of many transient species reduces the diagnostic
value of the total number of species recorded for a given
habitat. More comparative studies of different indicator
groups in different landscapes are needed to determine
whether species represented by only a few individuals
(<3) should be included in calculations. Their exclusion
might be a way to avoid the bias introduced when tran-
sient species are numerous.

Our results demonstrate the importance of agroecosys-
tems such as SCP for the conservation of biodiversity in
this type of landscape. This result is supported by Perfecto
et al. (2003), who found that butterflies and foraging ants,
but not birds, are affected when TMCF is converted to
coffee plantations in Chiapas (southeast Mexico). Coffee
plantations, then, are probably more important for the
conservation of birds than for other groups.

Shaded coffee plantations form a matrix that surrounds
and connects TMCF fragments. This matrix is relatively
permeable to the occasional entry of species (transients)
common to treeless environments. In a landscape where
other agroecosystems offer less or no tree cover and have
much lower species richness, however, SCP provides a
highly functional resource for the preservation of biodi-
versity in a relatively hostile environment.
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Klein, B. C. 1989. Effects of forest fragmentation on dung and carrion
beetle communities in central Amazonia. Ecology 70:1715–1725.

Lee, J. C. 1996. The amphibians and reptiles of the Yucatán Peńınsula.
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