
Comparison of Spatial Distribution Patterns of Dung-Feeding
Scarabs (Coleoptera: Scarabaeidae, Geotrupidae) in

Wooded and Open Pastureland in the Mediterranean
"Dehesa" Area of the Iberian Peninsula

E. GALANTE, M. GARCIA-ROMAN,
I. BARRERA,] ANDP. GALINDO!

Zoology Unit, Faculty of Biology, University of Salamanca,
37071 Salamanca. Spain

Environ. Entomol. 20(1): 90-97 (1991)
ABSTRACT The seasonal and spatial distributions of dung-feeding scarabs in an open
pastureland and in wooded (holm oak) pastureland in a typical Mediterranean area of the
western part of the Iberian Peninsula (Salamanca) were compared. Six pitfall traps baited
with bovine dung were placed in each habitat according to a model by J. P. Lumaret. Only
beetles in the families Scarabaeidae and Geotrupidae were studied because they are the most
important agents in the elimination of cattle dung from the soil surface. Weekly trapping
for 1 yr produced 6,909 specimens. Of the 18 species found. the largest beetles and biomass
were concentrated mainly in the wooded habitat, especially in the summer. This constitutes
a problem for dung removal because large amounts of dung remain in open pasturelands.
possibly resulting in the impoverishment of such areas.
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LAND USEDFOR GRAZINGconstitutes a character-
istic ecosystem in which detritivore food chains
predominate. In such chains, much of the primary
net productivity is not used by the herbivores that
live in the area, but by numerous ground-dwelling
organisms. As indicated by Desiere (1983), more
than half the food consumed by the herbivores is
returned to the ground in the form of unassimilated
material; i.e" the dung. Because of its abundance
in organic material and its peculiar microclimatic
conditions, cattle dung is an ideal medium for the
establishment of a specific, rich, and varied kind of
biocenosis (Finne & Desiere 1971, Graef & Desiere
1984) involving the processes of decomposition and
elimination of feces.

Among dung-feeding species, the scarabs (Co-
leoptera: Scarabaeoidea) playa very important role
in the rapid-recycling processes of dung, as indi-
cated by Fincher et al. (1981). They are also of
great importance in the physical-chemical alter-
ation processes of the soil, especially the larger
species. The activity of dung-feeding scarabs im-
plies a series of indirect benefits for both livestock
and pasture (Bornemissza & Williams 1970, Castle
& Macdaid 1972, Hughes et al. 1978, Fincher 1981,
Rougon & Rougon 1981, Rougon et al. 1988).

In the Mediterranean Region, the decomposition
of organic materials and the recycling of bioele-
ments are characterized by their slowness (Lu-
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maret 1983). This is a limiting factor in the pro-
ductivity of ecosystems. An indispensable condition
for the correct functioning of all pasture ecosystems
is that the dung be rapidly utilized and trans-
formed. If this does not occur, dung deposited on
the soil can eventually cause serious damage be-
cause it deteriorates the pastureland by preventing
plant growth (Bastiman 1970, Waterhouse 1974,
Lumaret 1986). As a secondary effect, this situation
leads to an increase in the population of dung-
breeding flies and the loss of nitrogen by volatiliza-
tion, which then cannot be incorporated into the
soil. Communities rich in dung-feeding scarabs that
are able to degrade cattle feces efficiently are of
great economic importance. The province of Sal-
amanca is one of the regions of Spain with a large
number of free-roaming cattle all year round. This,
together with its long tradition in cattle breed-
ing, makes the area ideal for studies on the dy-
namics of dung-feeding scarab communities (Ga-
lante 1978, 1979, 1981).

The purpose of this study was to gain insight
into the yearly spatial distribution of the different
species of dung-eating scarabs in Mediterranean
holm oak areas. The vegetational ground cover
seems to be an important factor in the local dis-
tribution of coprophagous fauna (Halffter & Mat-
thews 1966, Howden & Nealis 1975, Halftter &
Edmonds 1982, etc.), Accordingly, our aim was to
discover the effect of the alteration of the environ-
ment due to tree felling and the transformation of
wooded areas into open pastureland on the com-
munities of certain dung-feeding scarabs.
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Table 1. Species phenology and average biomass of individual beetles for each species and percentage of Ihe lotal
biomass for each species represenled.

Phenologyb Biomass

Species" Spring Summer Autumn Winter Mg dry wt insect

W 0 W 0 W 0 W 0 x ± SO (n = 20) %

GymnopleuTUS flagellatus 6 46.2 ± 17.4 0.064
1 Copris lunaris 72 21 418 13 12 1 286 ± 50 35.84
2 Copris h~panus 11 15 32 15 4 336.6 ± 88.9 6.05

Chjronjt~ hungarlcus 4 34.3 ± 8.25 0.032
3 Onll~ bellal I 5 231.5 ± 108 0.324
4 Bubas bubalus 101 141 402 162 94 35 173.2 ± 31.2 37.87
5 Euonltlcellus fulvus 8 39 71 2 6 5.93 ± 1.5 0.174
6 Caccobius schreberl 26 38 192 5.52 ± 1.12 0.329
7 Onthophagus taurus 11 6 24 14.6 ± 5.2 0.143
8 Onthophagus punctatus 1 1 8.6 ± 2.46 0.006
9 Onthophagus furcatus 4 25 3 2.83 ± 1.06 0.021

10 Onthophagus wficapillus 3 480 30 172 4.76 ± 0.8 0.76
11 Onthophagus coenobita 5 17.5 ± 4.32 0.02
12 Onthophagus sjmll~ 477 1,050 1,003 294 289 562 5 86 8.25 ± 2.17 7.25
13 Onthophagus vacca 9 52 51 73 5 25 ± 5.9 1.108
14 Typhaeustyphoeus 12 2 24 11 110.9 ± 44.2 1.268
15 Ceotrupes mutator 22 2 11 5 54 7 14 212.3 ± 80 5.747
16 Ceotrupes lhericus 2 1 29 1 35 3 177.4 ± 48 2.98

a The number that precedes each species corresponds to the number used in the statistical processing and appears in the HJ-Biplot
graphs.

bW, wooded habitat; 0, pasture.

Materials and Methods

The study was conducted on the Castro Enriquez
experimental cattle farm, in Aldehuela de la Bove-
da, Salamanca, Spain. This farm has 400 ha of
pasture dedicated to year-round grazing for cattle.
The usual number of cattle on pasture is :::0:200
adults with varying numbers of yearlings and calves.
During the year, the cattle are herded from one
place to another within this area.

Rainfall and daily temperatures were monitored
at a meteorological station (Barbadillos, Salaman-
ca) 15 km from the study site.

The climax vegetation is the Mediterranean holm
oak, with a predominance of Quercus rotundifolia
Lam. The farm consists of a clear-felled savanna-
like woodland ("dehesa"), with little underbrush,
that serves as grazing land. These zones alternate
with areas transformed by human activity into open
pastureland with no trees or shrubs.

Two plots were selected (10 by 10 m): one wood-
ed with no underbrush and the other 150 m away
in open pasture. Both plots were fenced to keep
cattle out. Sampling was done by using pit-fall traps
according to Lumaret (1979). The bait was 56 cm"
of fresh bovine feces for each trap (38 ± 3 g dry
weight). As a preserving fluid, 200 ml of 50% eth-
ylene glycol was used. This type of trap has the
advantage of permitting optimum diffusion of the
volatile elements of the feces at ground level. Two
rows of three traps each were placed in each plot,
for a total of six traps in the wooded area and six
traps in the open area. The distance between each
row and trap was 3 m. The feces used as bait and
the preserving fluid with the fauna that it contained
were collected every 7 d for 1 yr (December 1985-

November 1986). After collection, fresh feces and
preserving fluid were replaced. Thus, the entire
sequence of the annual surface activity of the co-
prophagous fauna was followed. Only beetles of
the families Scarabaeidae and Geotrupidae were
analyzed. The species in these families are very
important agents in decomposing cattle dung be-
cause of their biomass (Table 1) and their feeding
and breeding habits (Halffter & Edmonds 1982).

In addition, an attempt was made to distinguish
and characterize the two habitats (holm oak wood-
ed area and open pastureland) based on the density
or abundance of each species of dung-eating scar-
abs.

The statistical technique used was the HJ-Biplot
multidimensional data classification technique
(Galindo-Villardon 1986), which is a variant of the
biplot graphic display proposed by Gabriel (1971).
This technique makes it possible to plot the rows
and columns of the data matrix as points on a low
dimension vector space. It has been shown theo-
retically (Galindo- Villardon 1986) that the quality
of plotting both for populations and for variables
is superior to that achieved with similar techniques.
Also, the discriminatory power of this statistical
technique has been demonstrated in other bio-
logical studies (Perez-Mellado & Galindo- Villar-
don 1986, Castrillo et al. 1986). To make the equi-
librium points of the two clouds (variables and
populations) coincide, the data were subjected to
a double centering. The proximity of the points
that represent the scarab groups of study is inter-
preted in terms of similarity, and the proximity of
these points to those representing the species is
interpreted in terms of preponderance.
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Fig. l. The upper graphs show the monthly max-

imum and minimum air temperatures as well as the
average annual temperature in Muiiovela, Barbadillo,
Salamanca (15 km NW of the study area). The lower
graph shows the ombrothermic diagram of Bagnouls and
Gaussen in the study area. Data provided by the National
Institute of Meteorology, Spain.

The first Eigenvalue is 63.61 and the second,
19.26. Both are perfectly differentiated, which
means that not only can the factorial plane be
interpreted, but also each axis separately. In Fig.
4, the groups are identified with vectors and the
species with points.

Multivariant Analysis. The first principal plane
(Fig. 4) has the greatest explicative power (inertia
rate of 89%); thus the most important differences
among the study groups appear here. Axis 1 sep-
arates two periods of the community: summer and
fall in the open pastureland. Spring in this same
environment occupies an intermediate position.

Regarding axis 1, the three periods of the wood-
ed pastureland are similar. (With respect to each
axis, the figure should be interpreted by analyzing
the relative position of the projection of the points
on the axis, without taking into account the other
dimension. )

In axis 2, the largest difference appears between
spring in the open pasture land and summer in the
wooded pastureland. However, for the purposes of
this study, it is perhaps more relevant that the three
periods in the open pastureland (projected onto axis
2) appear separated from the three periods in the
wooded pastureland. Axis 2 explains 20% of the

The approximation to a low range was made
according to Golub & Reinsch (1970) and the com-
puter analysis was carried out using the RSDM
package (Galindo et al. 1990).

The works of Zunino (1972), Baraud (1977),
Martin-Piera (1983, 1984), Martin-Piera & Zunino
(1986), and Pauli an & Baraud (1987) have basically
been followed in the determination and system-
atics.

The biomass per species was obtained by cal-
culating the mean weight of 20 specimens (10 dd
and 10 ~~). These were dehydrated at 6O"C for 72
h and were weighed subsequently on a precision
balance.

Results

The ombrothermic diagram (Fig. I) indicates a
period of severe drought with high temperatures
corresponding to the months of June (in part), July,
August, and September (in part).

A total of 6,909 specimens were captured; of
these, 18 species (15 Scarabaeidae and 3 Geotru-
pidae) were found (Table 1). A comparative test
was applied to the six traps in each habitat and no
signiBcant differences were obtained.

Fig. 2 and 3, drawn according to Luis-Calabuig
& Purroy (1980), show the annual evolution of the
different species of dung-feeding scarabs in each
habitat. In most cases, the same species were found
in the wooded and open habitats but the number
of specimens captured and when they were most
active were different. They were thus classified into
eight groups according to season-community: 1.
Spring-Wooded pastureland; 2. Spring-Open pas-
tureland; 3. Summer-Wooded pastureland; 4.
Summer-Open pastureland; 5. Fall-Wooded pas-
tureland; 6. Fall-Open pastureland; 7. Winter-
Wooded pastureland; and 8. Winter-Open pas-
tureland.

Spring was considered to be March, April, and
May; summer was June, July, and August; fall was
September, October, and November; and winter
was December, January, and February.

The initial frequency distribution is shown in
Table 1. Only six specimens of Gymnopleurus fla-
gellatus F. 1787 and four specimens of Chironitis
hungaricus (Herbst 1789) were collected in open
pastureland in the summer. In the winter period,
only Bve species were found, each with very few
specimens. Winter activity was similar in both en-
vironments. Accordingly, only the first six groups
and the first 16 species are involved in the statistical
study.

Fig. 4 shows the HJ-Biplot of the data table
(Table 1). Because this is a technique involving the
simultaneous representation of multidimensional
data, the two hyperclouds appear as projections on
the principal plane. The first principal axis absorbs
82% of the inertia and the weight of the plane is
89%. The goodness of fit for both the groups under
study and the species is 98.8%.
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Fig. 2. Annual activity of the imagos of the most abundant species of Scarabaeidae and Geotrupidae in the
open habitat (n, number of specimens; T, 2-wk periods; w, winter; sp, spring; s, summer; au, autumn).

inertia and axis 1 explains 68%, which means that
the differences between two seasons in open pas-
tureland are more marked than those appearing
between the two communities (wooded and open
pastureland). This does not imply, however, that
the differences between the communities are less
important.

The species with greatest contribution to axis 1,
and therefore the most important for differenti-
ating between summer and fall in the open pas-
tureland, are Onthophagus similis (Scriba 1790),
O. vacca (Linne 1767), Caccobius schreberi (Linne
1767) and Euoniticellus fulvus (Goeze 1777).

The species with greatest contribution to axis 2,
and therefore the most important for differenti-
ating between the two communities (wooded and
open pastureland), are Copris lunaris (Linne 1758);
Bubas bubalus (Olivier 1811); Copris hispanus
(Linne 1764); Typhaeus typhoeus (Linne 1758);
Geotrupes mutator Marsham 1802; G. ibericus
Baraud 1958; and O. ruficapillus Brulle 1832.

Analysis of Communities. The separation of these
communities of scarabs is due to the different com-
position, quantitative as well as qualitative, of the
species in both environments (wooded and open
pastureland). From observation of the plots ob-
tained by representing the annual numerical vari-

ation of the different species (Fig. 2 and 3) and
from the plot obtained by the application of the
HJ-Biplot technique (Fig. 4), the species which
characterize each community throughout the year
can be deduced.

Open Pastureland. Contrary to what occurred
in the wooded pastureland, the greatest number of
species that characterize the open pastureland
community were of small size and biomass (Fig.
2; Table 1). The greatest concentration of species
occurred in the spring. At this time of year the
community contained species which also appeared
in summer or in fall. The predominant species in
the spring, and the one characterizing this com-
munity at this time of year, was O. ruficapillus, as
indicated in the information given by axis 2 on
plane 1-2 (Fig. 4). This species was accompanied
by B. bubalus and O. vacca, which were joined
halfway through the season by Caccobius schreberi
and E. fulvus, although the latter three species
were important in the summer and not the spring.
Small populations of Copris lunaris were also found
in the spring, but neither they nor B. bubalus were
important in the configuration of the community
during this season.

During the summer the same species continued,
although their numbers declined; only E. fulvus
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Fig. 3. Annual activity of the imagos of the most abundant species of Scarabaeidae and Geotrupidae in the
wooded habitat (n, number of specimens; T, 2-wk periods; w, winter; sp, spring; s, summer; au, autumn).

remained abundant, followed by O. vacca and Cac-
comus schreberi, which mainly appeared in this
season (Fig. 4).

Fall was the poorest season for species in open
pastureland. B. bubalus reappeared, accompanied
principally by some specimens of G. mutator.

Onthophagus similis was the most abundant and
characteristic species during the entire year in open
pastureland areas. It was especially important in
the configuration of the open pastureland com-
munity in the fall (Fig. 4).

Wooded Pastureland. In the holm oak wooded
areas the community was especially characterized
by species of large size and biomass (Fig. 3; Table
1). This difference for the open pastureland areas
was particularly pronounced during the summer.
In summer the preponderant and characteristic
species were Copris lunaris and B. bubalus (Fig.
4). Halfway through the summer G. ibericus (Fig.
4) appeared and its population was very important
during the fall in wooded pastureland. The pres-
ence of Copris hispanus was also observed during
the summer in wooded zones; its absence was char-
acteristic of the open pastureland areas (Fig. 2 and
3).

The community in the holm oak wooded area
was also very characteristic in the fall. Large spe-

cies were observed in these areas; these either did
not exist in the open pastureland area, as is the case
of T. typhoeus (Fig. 2 and 3), or the number of
specimens was much greater in the wooded areas
and characterized them during the fall, as was the
case of B. bubalus and G. mutator. The latter spe-
cies was the most characteristic (Fig. 4). At the
beginning of fall, G. ibericus also formed part of
the community and its population was much great-
er and more important in the wooded area than in
the open pastureland (Fig. 2 and 3).

During the spring, the wooded area and the open
pastureland shared the presence of a species that
was important for its biomass, B. bubalus (Table
1). Also present in both areas were G. mutator and
T. typhoeus, although the quantitative importance
of these two species was much greater in the wood-
ed pastureland (Fig. 2 and 3). Also, one species
which was only found in this environment in the
spring was O. coenomta (Herbst 1783).

Discussion

It can be concluded that the habitat in which
the droppings are deposited has a strong effect on
the composition of the coprophagous fauna, coin-
ciding with the findings of several authors (Mohr
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10 O. ruficapillus
2 SPRING (OPEN)

95

6 AUTUMN (OPEN)

12 O. similis

SPRING (WOODED) 1

RUTUMN (WOODED)

SUMMER (OPEN) 4
~

6 C.schreberi

~
5 E. fulvus (0. vacca)

~elial (O.taurus, O. punctatus)

C.hispanus (O.furcatus, T.typhoeu
G.ibericus,O.coenobita)

4 B. bubalus

3 SUMMER (WOODED)

Fig. 4. Simultaneous HJ-Biplot representation: projection on plane 1-2. Selection of closeby points: Rows
(=species): 2 (C. hispanus); 9 (0. furcatus); 14 (T. typhoeus); 16 (G. ibericus). Rows (=species): 3 (0. beliat); 7 (0.
taurus); 8 (0. punctatus); 11 (0. coenobita). Rows (=species): 5 (E. fulvus); 13 (0. vacca).

1943, Fincher et al. 1970, Merrit & Anderson 1977).
The vegetational ground cover is an important fac-
tor in the distribution of dung-feeding scarabs
(Howden & Nealis 1975, Oppenheimer 1977, Doube
1983, Lumaret & Kirk 1987). In our study we ob-
served that the largest species have a clear pref-
erence for the wooded area (Fig. 2-4). This was
especially evident during the summer and fall sea-
sons. However, in the spring there was a large
population of B. bubalus in the open pastureland,
which decreased at the end of this season, but in-

creased slightly in the wooded area. The increase
in temperature and the decrease in air and soil
humidity in the pasture area (Stanhill 1970, Gon-
zalez-Bernaldez et al. 1975, Montoya 1982, Puerto
et al. 1986) probably elicited a displacement of B.
bubalus to the wooded areas. Therefore migration
takes place on a spatial scale called "trivial range"
(Southwood 1977), "limited area range" (Baker
1978), or "behavioral range" (Hanski 1980); and it
occurs when the local conditions of the habitat
change or as a response to feeding habits.
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By contrast, the smaller species (Onthophagus
Spp., Caccohius schreberi, and E. fulvus) generally
showed a greater preference for the open pasture-
land areas (Fig. 2-4), becoming very abundant in
this habitat during the summer. Only O. taurus
and O. punctatus, together with Copris hispanus
and O. furcatus (F. 1781), do not seem to have
special affinity for either of the two habitats. Only
Copris hispanus seemed to settle more abundantly
in the wooded areas, this being the habitat that it
colonizes in summer probably due to the extreme
dryness of the soil and the high temperatures pre-
vailing in the open pastureland (Gonzalez-Bernal-
dez et a1. 1975, Puerto et a1. 1986). Conversely, O.
furcatus seemed to concentrate somewhat more in
the open pastureland.

According to Lumaret (1980,1983) and Lumaret
& Kirk (1987), in the other areas of the Mediter-
ranean Region, but in the places near the coast
(Corsica and the Montpellier region in France),
coprophagous fauna do not show a preference for
wooded areas, but rather concentrate in areas of
open pastureland. In other geographic regions, such
as Texas (Fincher et a1. 1986) and South Africa
(Doube 1983), a larger concentration of species was
observed in wooded areas. In the Salamanca region
the wooded areas (holm oak) are composed of large
expanses of Q. rotundifolia that form cleared "sa-
vannahlike" woodland called "dehesas." These
wooded areas allow effective grazing and easy
movement of the livestock because of the lack of
underbrush. They are therefore areas with a great
advantage for dung-feeding scarabs during times
of drought and high temperatures, because there
are better conditions of air and soil humidity, as
well as less extreme temperatures beneath the trees.
This habitat is also open enough to permit easy
movement of dung-feeding scarabs and the colo-
nization of droppings. These data, however, do not
indicate that there is a fauna of dung-feeding scar-
abs exclusive to and specialized in wooded areas
and another in open pastureland, as occurs in some
latitudes (Howden & Nealis 1975, Walter 1978).
Nevertheless, our findings point to a clear separa-
tion throughout the year between two communities
of dung-feeding scarabs: one in wooded areas and
the other in open pastureland. Most of the com-
munity in the wooded habitat is made up of species
with large-sized beetles, whereas most of the com-
munity in the open habitat essentially comprises
species with medium or small beetles. This un-
doubtedly has great consequences for the decom-
position of cattle dung in both habitats, to the point
where some cattle dung remains undegraded in
the open pasture land areas in times of great drought.
This problem already exists in some parts of the
Salamanca area, as we observed in this study. It is
very likely that the concentration of the species
with the larger-sized beetles in the wooded areas
is due to, as pointed out earlier, fewer thermal
fluctuations throughout the day and the mainte-
nance of a higher level of humidity. This means
that the soil remains softer, which allows these scar-

abs to carry out their excavating activities more
easily.
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