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Abstract. In this study we establish the biogeographical affinities of the Scarabaeoidea dung beetle fauna in the dry
southeast of the Mexican Plateau and analyze species diversity and how it changes with site, soil and vegetation type.
Beetles were systematically captured in 6 windows in the region between Perote, Veracruz and El Seco, Puebla. A total
of 9 species and 960 beetles belonging to Scarabaeinae, Aphodiinae and Trogidae were captured. Canthon humectus
humectus and Phanaeus quadridens were found in greater abundance in cattle pastures. Trox plicatus is the only species
captured in the badlands. The beetle fauna of this landscape is poor owing to a combination of circumstances, mainly
the soil, recent volcanic activity and limited food availability. The results obtained are compared with those of 2 other
dry landscapes in central Mexico (Metztitlan and Tehuacén). Our landscape shares 50% of its species with Metztitlan
and 37.5% with Tehuacan. The species shared between all 3 landscapes are Canthon (B.) puncticollis, Onthophagus
lecontei and Labarrus pseudolividus. The fauna was characteristic of the southern Mexican Plateau, but poorer in both
the number of species and individuals; some species—expected from a biogeographic perspective—were missing.

Key words: copronecrophagous beetles, Mexican High Plateau, Scarabaeinae, Aphodiinae, geographic distribution.

Resumen. Establecemos las afinidades biogeograficas de los Scarabacoidea copronecrofagos del sureste seco del
altiplano mexicano, asi como la diversidad de especies y sus cambios en diferentes sitios, tipos de vegetacion y suelos.
Se recolectd en 6 diferentes ventanas entre Perote, Veracruz y El Seco, Puebla, obteniéndose un total de 9 especies y
960 individuos de Scarabaeinae, Aphodiinae y Trogidae. Canthon humectus humectus y Phanaeus quadridens fueron
mas abundantes en las areas de pastoreo de ganado. Trox plicatus fue la tnica especie capturada en la zona de malpais.
En conjunto, la fauna de este paisaje es pobre debido a una combinacién de circunstancias, principalmente la naturaleza
del suelo, el vulcanismo reciente y la baja disponibilidad de alimento. Se comparan los resultados obtenidos, con
los relativos a otros 2 paisajes aridos del centro de México (Metztitlan y Tehuacan). Nuestro paisaje comparte el
50% de las especies con Metztitlan y el 37.5% con Tehuacéan. Las especies compartidas entre los 3 son Canthon (B.)
puncticollis, Onthophagus lecontei y Labarrus pseudolividus. En sintesis, se encontr6 una fauna caracteristica del
altiplano mexicano sur, pero pobre en cuanto al numero de especies e individuos (faltan especies cuya presencia era
esperada desde un enfoque biogeografico).

Palabras clave: escarabajos copronecrofagos, altiplano mexicano, Scarabaeinae, Aphodiinae, distribucion geografica.

Introduction

The 2 large biogeographical regions of the Americas
come into contact in Mexico. For present-day birds and
mammals the area of contact that separates the 2 regions
is fairly well defined, and was identified from the first
studies of historic biogeography (Sclater, 1858; Wallace,
1876). For groups dominated by lines with much older
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distributions, this border becomes a broad area of overlap.
This has been stated by Halffter (1964, 1976) on studying
insect distribution and by Rzedowski (1972, 1973) for
flowering plants. For this area of contact-overlap between
the Nearctic and Neotropical regions, Halffter (1987)
coined the term Mexican Transition Zone (MTZ) and
Rzedowski (1991) referred to it as Megamexico.

Located in the Mexican Transition Zone, the Mexican
Plateau, has a mean altitude of 2 000 m a.s.l., and
reaches 2 400 m a.s.l. in its southern extreme resulting
in a temperate climate with a dry winter and a warm,
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moderately rainy summer. The Plateau is located in
the central and northern part of Mexico and covers one
quarter of the country. It is bordered by a large horseshoe-
shaped chain of mountains formed by the Sierra Madre
Occidental Mountain Range, the Trans-Mexican Volcanic
Belt (its southernmost part) and the Sierra Madre Oriental
Mountain Range.

In Mexico establishing the general tendencies of
insect distribution (or those of any other biotic group of
equivalent biogeographic antiquity) is a complex task. In
the MTZ not only do elements of different biogeographical
origins overlap, but these elements also made their way
to the MTZ during different geological periods and under
different paleogeographic scenarios. Briefly, for the 2 large
trunks of origin (northern and southern), we can identify
genera or species lines whose penetration into the MTZ
is ancient (up to the Miocene) as well as genera of more
recent penetration (from the Pliocene onwards).

As an instrument for the analysis of this complex
scenario, Halffter (1962, 1964, 1976, 1987) proposed
5 distribution patterns that have been widely applied by
different authors (as examples Zunino and Zullini, 1995;
Llorente-Bousquets, 1996; Marshall and Liebherr, 2000;
Morrone and Marquez, 2001; Reyes-Castillo, 2003).
These distribution patterns are based on the origin, the
phylogeny of the biota and the climate and geological
history of the region. Each pattern brings together the
essential characteristics of the distribution of the group
of organisms that originated in or arrived at a given area
during a geological period and which has been subjected
to similar macroecological pressures over long periods of
time (Halffter, 1987).

The origin of the scarabeids beetles characteristic of
the Mexican Plateau is complex. There are elements that
are clearly of very old South American origin that evolved
on the Plateau after its elevation. In addition to these
insects, there are elements from the north—also of ancient
penetration. Nearctic elements of modern penetration are
limited to the mountain ranges. Thus the Plateau has acted
as an important center of speciation and its insect fauna
has a good number of endemic elements, particularly at the
species level (Halffter, 1987).

The fauna of the southern Mexican Plateau is relatively
poor in comparison with the tropical regions of the
country. It is also a region that has received little study.
Some of the recent research in the central and eastern part
of the southern Mexican Plateau includes 1 by Halffter
et al. (2008) on the copronecrophagous Scarabacoidea
fauna (Geotrupinae and Scarabacinae) of the Barranca de
Metztitlan (a dry region of the Plateau) and that of Halffter
et al. (2010) in which they compared the dung beetle fauna
(Scarabaeinae and Aphodiini) of 2 arid zones in central

Mexico: the Barranca de Metztitlan Canyon and the region
of Zapotitlan Salinas (Tehuacan).

We used the copronecrophagous Scarabaeoidea of the
Scarabaeinae and Aphodiinae subfamilies and the Trogidae
family. Our objectives were to: a) Describe the distribution
of the assemblage of copronecrophagous beetles of the dry
southeastern region of the Mexican Plateau in ecological
and biogeographical terms, b) Describe the species richness
and composition for different sites, vegetation types and
soil types, ¢) Compare and analyze the similarities and
differences among the copronecrophagous beetles of this
arid zone with respect to other, similar zones in central
Mexico, d) Discuss the factors that have affected this
assemblage of beetles in particular, in comparison with
those of other arid regions in central Mexico.

Materials and methods

Study area. The study region lies between the Valley of
Perote in the state of Veracruz and the municipality of
El Seco in the State of Puebla. It includes the base of the
Trans-Mexican Volcanic Belt on the southeastern part
of the Mexican Plateau. The town of San Salvador El
Seco is located in central eastern Puebla at 19°04’-19°15’
N, 97°32°-97°42> W, at an altitude of 2 400 m a.s.l. The
predominant climates are: temperate subhumid with rains
during summer and a temperate semidry season with
scarce rainfall during winter.

The town of Perote is located at 19°34° N, 97°15’
W, 2 400 m a.s.l. Its climate is dry and fairly cool with a
mean temperature of 12 °C and an average of 493.6 mm of
rainfall yearly. There are areas called badlands throughout
the region, and these are comprised of basalt flows that
surfaced and cover a vast expanse around Frijol Colorado
(Veracruz) and Guadalupe Sarabia (Puebla).

The Perote Valley has rocky, alluvial soils. Alluvial
soils have a low water retention capacity and erode
easily. Because of this and the high proportion of rocks
of different sizes in them the least productive soils for
agriculture are found in this region (Portilla, 1980). During
the rainy season (July, August, September and October)
ephemeral streams flow down the hillsides and form an
endorheic basin in the lowest parts of the valley where the
runoff collects salts that are deposited in the silty-clay soil.

The following types of vegetation are found in the
study region: @), Distichlis spicata halophile pasture;
b), spiny scrub and Nolina parviflora-Yucca periculosa
scrub (sensu Miranda and Hernandez, 1963; xerophile
scrub according to Rzedowski, 1978), which grows on
rocky soils; ¢), Sabino forest (Juniperus deppeana), or
juniper and Mexican pifion pine forest (Pinus cembroides
- Juniperus flaccida) (sensu Miranda and Hernandez,
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1963; coniferous forest according to Rzedowski, 1978),
Phoradendron minutifolium—a parasite of Juniperus—
and Spanish moss (7illandsia usneoides) occur as
epiphytes (Chazaro, 1992). Characteristic associations of
Nolina-Agave, Hechtia-Agave and Juniperus are found at
the base of calcareous hills, in addition to associations
of Juniperus flaccida-Pinus cembroides and Cupressus
benthamii in the region of Frijol Colorado (Chazaro,
1992).

People have intensively used the entire region for a

very long time. Much of the land is used for agriculture
(corn, barley, fruit trees, etc.) and raising livestock
is widespread. There are also many fields that were
ploughed at one time and later abandoned. Mostly goats
and sheep are raised, and to a lesser extent cattle. The
animals are pastured on the croplands before sowing,
after which they are herded to the hillsides and plains not
used for crops. The badlands are much less affected by
human activities because they are unsuitable for pasturing
animals or sowing crops.
Sampling design, description and location of the sampling
windows. Six sites were selected that differ with respect
to soil and vegetation type between Perote and El Seco
(Fig. 1). The sites were located between 2 300 and
2,500 m a.s.l. and were separated by at least 5 km. All
were located on the same landscape and share the same
biogeographic history. Because of this any differences
in species richness and abundance are expected to be a
function of vegetation types, dung availability or the soil
characteristics at each site.

At each site a sampling quadrat or “window” of 500
x 500 m was set up. Four of the 6 windows include a
heterogeneous mosaic of different types of vegetation
(none of which are crops) and 2 are located in areas used
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Figure 1. Location of the study region in the southern part of the
Mexican High Plateau in the states of Puebla and Veracruz. Dots
indicate the sampling sites (windows) used in this study and the
stars show the location of the towns of El Seco and Perote.
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for pasturing animals and have a high degree of human
activity.

The types of vegetation originally identified were
grouped according to plant cover as follows: the pine-
sabino forest together with the juniper forest were put
together as forest; Nolina and Yucca scrub were put
together with xerophile scrub as low scrub; halophile
pasture and livestock herding routes were grouped
together as anthropic vegetation, given that both have
been modified by humans. Soil in the region is classified
according to texture and rockiness into 4 types: loam,
loamy soil with a high proportion of rocks, sandy and
rocky (badlands).

Data bases and maps from Conabio were used
to characterize the windows and obtain information
regarding soil type, precipitation, mean annual
temperature, climate, land use and vegetation type for
each window (Table 1, Fig. 1).

Beetles were caught using pitfall traps baited with
decomposing squid and different types of excrement.
Traps were separated by at least 50 m. Twenty-four traps
were set in each window: 8 with human excrement, 8 with
sheep (70%) and horse (30%) dung, and 8 permanent
NTP-80 carrion traps (Mordn and Terron, 1984). Traps
were set with alternating bait along the entire window.
Each trap was left for 48 h and sampling was repeated
6 times per window (24 x 6= 144 traps per window).
Sampling was carried out during the rainy season (July,
August and September) in 2009 and 2010, and beetles
were also collected directly from the surface at each
sampling window and in the surroundings.

Beetles collected were identified to species. Francisco
Cabrero (Madrid University, Spain) identified the
Aphodiinae, and Mario Zunino (Urbino University, Italy)
identified the Onthophagus; remaining species were
identified by the authors.

Analysis based on sampling windows. To analyze
a landscape, most studies compare different types of
patches (e.g. vegetation types, habitats, types of land use,
ecoregions, altitudes and other descriptive categories).
One alternative that might be more comprehensive is to
spatially sample the entire landscape randomly. Different
studies have used samples with more than 1 type of patch
in a heterogeneous landscape (Lindenmayer et al., 2003;
Arroyo-Rodriguez et al., 2009; Numa et al., 2009). Thus,
for the present study a similar methodology was used, and
each of the sampling quadrats is called a window.

The windows method is based on using quadrants that
have more than 1 type of vegetation, and even though the
windows are heterogeneous they can be used as representative
samples of the landscape. The method also allows one to
see the effect of different proportions of vegetation types
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Table 1. Characteristics of the 6 sampling windows in the region around Perote in the state of Veracruz and El Seco in the state of
Puebla. Information marked with an asterisk was obtained from Conabio’s data bases. The rest was obtained during sampling and each

window was georeferenced with a GPS

Window
1 2 3 4 5 6
Vegetation at the yucca/scrub pasture/juniper  yucca, juniper/ pine/pasture/ pasture/scrub  pasture
window cacti and agaves  yucca, juniper
Longitude 97°22°04”W 97°28°31”W 97°23°13”W 97°31’14”W 97°21’17” W 97°26°18” W
Latitude 19°36°23”N 19°20’18”N 19°27°50”N 19°30°22”N 19°17°35” N 19°28°27” N
Soil type* eutric regosol calcaric rego-  takiric solon- lithosol, calcaric eutric fluvisol  eutric fluvisol
sol and calcaric chak and eutric ~ regosol and eutric and eutric
phaeozems regosol regosol regosol
Climate* BS 1kw semia-  C(wo) subhu-  BS okw Bs 1kw semiarid Bs 1kw semia- BS okw
rid temperate mid temperate  arid temperate temperate rid temperate arid temperate
Annual tempe- 12°C - 18°C 12°C - 18°C 12°C - 18°C 12°C - 18°C 12°C - 18°C 12°C - 18°C
rature range (T min: 0-2 °C, min: -2- 0°C, min: -2 -0°C, min: 0 -2°C, max: min: 0 - 2°C, min: 0 - 2°C,
°C) * max: 22-4°C max: 22-24°C  max: 24 - 26°C 26 - 8°C max: 24 - 6°C  max: 24 - 6°C
Precipitation * 600-800 mm 400-600 mm 400-600 mm 600-800 mm 400-600 mm 600-800 mm
Vegetation and rosette scrub pine forest halophylic and pine forest surroun- halophylic halophylic and
land use * surrounded by ~ surrounded by  gypsophilic ded by agricultural  vegetation gypsophilic
agricultural agricultural vegetation fields and rosette surrounded by ~ vegetation with
fields fields surrounded by scrub agricultural no visible veg-
agricultural fields etation in the
fields and rosette surroundings
scrub
Rockiness* high, few sites low, site have ~ moderate, raised  low, ample soil low, areas of low, areas of
with soil enough soil areas of soil cover soil available  soil available
for the beetles  available for the for the beetles  for the beetles
to dig beetles to dig to dig to dig
component volcanic calcareous calcareous and calcareous calcareous calcareous and

volcanic

volcanic

or of any other component of the landscape. Additionally,
we can use conventional methods for vegetation type, soil
type, etc. if we group together the points with the same type
of characteristics (vegetation, soil type, etc.) regardless of
which window they are found in.

Regarding the percentages of vegetation present at
each window, window 1 has more than 70% low scrub and
the rest is forest with anthropic vegetation, window 2 has
more than 60% anthropic vegetation and the rest is forest,
mainly Juniperus deppeana, window 3 has approximately
60% low scrub, less than 10% is anthropic vegetation and
the rest is forest, window 4 has more than 50% forest and
the other 50% is low scrub, window 5 has more than 80%
anthropic vegetation and the rest is low scrub, window 6 is
completely anthropic vegetation as it is located on a plain
used for pasturing livestock.

Data analysis. To evaluate inventory completeness and
sampling effort, observed and expected species richness

were compared (Waide et al., 1999; Moreno and Halffter,
2000). Species accumulation curves were used and for
expected richness Chaol and Chao2 estimators were
used, both were calculated using the EstimateS program.
ver. 7.5.2 (Colwell, 2005). Inventory completeness
for each window was measured as the percentage that
the observed species represented of the total expected
number of species.

A Detrended Correspondence Analysis (DCA)
was done using the Past software (Hammer et al.,
2009), to observe graphically the differences in species
composition at each window and on different types of
soil. DCA is an indirect ordination method that allows
samples to be ordered according to species distribution
and abundance (Hill and Gauch, 1980). DCA was used,
rather than any other type of analysis, because it corrects
for the “arch effect” that occurs in Correspondence
Analysis (Legendre 2000; Gauch, 1982; Hill and Gauch,
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1980). Following the DCA the windows were compared
and the vegetation types were compared. Additionally,
the structure of the windows was evaluated to reveal how
species composition changes between windows.

Complementarity was measured between windows
and between vegetation types using the index described
by Colwell and Coddington (1994). This index is
expressed as a percentage and is 0% when the species
composition of 2 windows is identical, and 100% when
the species composition at the 2 windows is completely
different. Thus, it is a way of measuring beta diversity
(Magurran, 2004).

Thebiogeographicaffinity ofeachspecies wassearched
in the literature (Vaurie, 1955; Halffter and Martinez,
1977; Zunino and Halffter, 1988; Lobo, 1996; Dellacasa et
al., 2002; Halffter and Halffter, 2003; Cabrero-Safiudo et
al., 2010). The community of copronecrophagous beetles
from this region was compared with that of the Barranca
de Metztitlan in the state of Hidalgo (a unique arid and
semiarid region in the south of the Mexican High Plateau
where the copronecrophagous Scarabaeoidea fauna has
been well collected (Verdu et al., 2007; Halffter et al.,
2008; Halffter et al., 2010) and with that of Tehuacan-
Cuicatlan, with respect to similarities and differences in
species composition.
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Results

A total of 9 species were caught over the entire
landscape: 7 had fallen into the traps and 2 were collected
directly from the surroundings (Table 2). Six of the species
belong to the Scarabaeinae subfamily, 2 to Aphodiinae and
1 to the Trogidae family.

Within the Scarabaeinae, there are no strict
necrophages. A total of 960 beetles were captured, 883 of
them in carrion traps and dung traps, and 77 were collected
directly in the areas surrounding the sampling windows.

Where cattle is pastured Canthon humectus humectus
and Phanaeus quadridens were found in greater abundance,
as the Aphodiinae species that were directly caught outside
of the quadrats set up at each window.

The species accumulation curve (Fig. 2) reveals that,
although the asymptote was not reached, the number of
species expected according to the Chaol and Chao2
estimators (7 species) was, indicating that we caught 100%
of the species expected with this sampling method. The
doubletons disappear at the end of the curve and leave only
1 singleton: Onthophagus mexicanus.

The most effective trap was the dung traps with human
excrement, which had the highest abundance with 7
species caught in these traps. The carrion traps attracted

Table 2. Species captured in the region around Perote in the state of Veracruz and El Seco in the state of Puebla. The abundance of each

species is given for each window

Window

Species 1 2 3 4 5 6 Direct Collection Total
Canthon (Boreocanthon) puncticollis 40 10 50
LeConte, 1866
Canthon humectus humectus 1 20 6 27
Say, 1832
Onthophagus chevrolati retusus 369 4 9 382
Harold, 1869
Onthophagus lecontei 7 37 107 69 14 5 239
Harold, 1871
Onthophagus mexicanus 1 1
Bates, 1887
Phanaeus quadridens 1 1 15 32 49
Say, 1835
Trox plicatus 24 1 49 113 187
Robinson, 1940
Labarrus pseudolividus 10 10
Balthasar, 1941
Pseudagolius coloradensis 15 15
Horn, 1870

24 8 127 590 85 49 77 960
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Species accumulation curves
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Figure 2. Species accumulation curve indicating the number of
species captured (Y axis) with respect to the number of samples
(X axis), randomizing the data 100 times using the EstimateS
program. The Chaol and Chao2 richness estimators, along with
the number of singletons and doubletons were also plotted to
determine sampling efficiency.

a high number of beetles (398), but only captured Trox
plicatus and Onthophagus chevrolati retusus. The latter
species was also caught in great numbers in the dung traps
with human excrement suggesting that it is very abundant
and has broad feeding preferences. Even though dung
traps baited with sheep and horse dung were effective in
the Barranca de Metztitlan (Verda et al., 2007), in this
landscape they did not attract any species at all.

Window 5 had the highest number of species (n=5),
followed by windows 3 and 4 with 4 species each. Window
4 had the greatest abundance of individuals, much higher
than that recorded for the other windows (n= 590). There
were significant differences in the richness of the windows
(H=24.51, p<0.001), with window 4 significantly different
from all the others owing to its elevated abundance
(Mann-Whitney paired comparison with the Bonferroni
correction). There was no significant difference between
windows 3, 5 and 6, for all of which richness was high and
abundance similar.

On analyzing the structure of the community, Trox
plicatus can clearly be observed to be the only species
present at window 1, and it was abundant at windows 3
and 4, but was very rare at window 2 (1 beetle) and was not
found at the most anthropic windows (5 and 6). Canthon
puncticollis was very abundant at window 3, and was also
found at a lower abundance at window 5. O. chevrolati
retusus was the most abundant species at window 4, but
only 4 individuals of this species were caught at window 5
and none at any ofthe other windows. Phanaeus quadridens
was caught at windows 3, 5 and 6, and was particularly

abundant at the latter. Several beetles of this species were
collected directly from the landscape, particularly along
the livestock herding routes.

For complementarity among windows, the most
dissimilar windows with respect to species composition are
windows 1 vs. windows 5 and 6 (100% complementarity
index in both cases), with not a single species shared. The
most similar windows are 3 and 5 (50%) and windows
5 and 6 (40%) with 3 species shared in both cases. The
most similar in composition and abundance are windows
5 and 6, which have the highest percentage of anthropic
vegetation. The other windows share 1 or 2 species and
their complementarity index ranges from 60 to 83.3%.

The comparison of vegetation types revealed that
abundance is highest in the forest where 666 beetles were
caught, more than 4 times the number caught in the other
2 types of vegetation. The highest richness values were
recorded for the forest and the anthropic vegetation (n=
5). Although the low scrub had high richness (4 species),
it had the lowest abundance of the 3 vegetation types with
57 beetles less than the anthropic vegetation (Table 3).
Onthophagus mexicanus was only collected in the forest,
while O. lecontei was found in all 3 vegetation types and
was the most abundant species in the anthropic vegetation.
Canthon humectus humectus was only found in anthropic
vegetation, and P. quadridens was most abundant in
anthropic vegetation and only 1 beetle was found in the
low scrub. The most abundant species in the forest was O.
chevrolati retusus, but it was not found in low scrub and its
abundance was low in anthropic vegetation. Trox plicatus
was not found in the anthropic vegetation.

On measuring the complementarity indexes for
vegetation types, all vegetation types share 3 species.
The low scrub has an index of 50% with the anthropic
vegetation, and also with the forest. Complementarity
was highest between the anthropic vegetation and the
forest (57%), owing to the difference in species abundance
between the 2 types of vegetation.

The DCA (Fig. 3) (more than 70% of the variance was
explained by axes 1 and 2) revealed differences in the
species composition between the samples of each window
and their associated species; this, as a function of the
presence-absence of the different beetle species found in
both the 6 windows and the 4 soil types.

The most separated windows are 1, 4 and 6, with
window 4 the most separated as it was the only window
in which the abundance of O. mexicanus and O. lecontei
was high. Window 6 was separated from the rest owing
to the presence of C. humectus humectus (which was
only collected at this window) and this window also had
the highest abundance of P. quadridens. Only T. plicatus
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Table 3. Species abundance in different vegetation types for
windows 1, 2, 3 and 4. (0: absent; +: rare (1-5 ind.); ++: not very
abundant (6-20 ind.); +++: abundant (> 21 ind.); ++++: very
abundant [> 100 ind.]).

Anthropized Arboreal Low
land (agricultu-  vegetation scrub
ral, livestock)
C. (B.) puncticollis 0 ++ +++
C. humectus humectus +++ 0 0
O. chevrolati retusus + +H++ 0
0. lecontei +++ -+ +++
O. mexicanus 0 + 0
P. quadridens ++ 0 +
T plicatus 0 -+ +++
1 .AT,pllca(us
os .
N 3
0 04 Pyquadridens
< C. puncticollis e C hume‘clus humectus
02 o
o : .4 .5A0 lecontei
02 :
0. chevrolati retusus
o 0. mexicanus:

15
Axis1

Figure 3. Detrended correspondence analysis showing the spe-
cies associated with different sites and the corresponding type
of soil. The first 2 axes of the DCA explain more than 70% of
the variance. The filled circles indicate soil types and the crosses
indicate the position of the species.

was found at window 1, which separates it from the rest
of the windows. Phanaeus quadridens and C. humectus
humectus were found at windows 5 and 6 where more food
is available for the beetles given that these windows are on
the livestock herding routes.

For soil types, the rocky soil is clearly separated from
the others. On this type of soil we caught 7. plicatus, which
separates it from the other 3 types. On sandy soil, only O.
lecontei and T. plicatus were caught. Loam and rocky loam
soils have the highest species richness and abundance.
This confirms that the presence of soils that allow beetles
to nest is very important to the presence and abundance of
these beetles (Fig. 3).

Discussion

Richness, abundance and  microdistribution  of
copronecrophagous Scarabaeoidea. The fauna of this
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landscape is poor in both species and individuals, possibly
the poorest of the southern Mexican Plateau. We feel that
this results from a combination of circumstances: @), the
nature of the soil; b), the limited rainfall; ¢), the very low
availability of dung, and d), the distribution phenomena of
the northeastern slope of the Trans-Mexican Volcanic Belt.
a), the nature of the soil. The Scarabaeinae are nesting beetles
and either the female or the pair prepares an underground
nest. In the genus Phanaeus this is important because this
species buries a mass of food at a certain depth and the
female then transforms it into the brood ball (see Halffter
and Edmonds, 1982). Similarly, Onthophagus beetles also
bury food for their offspring (see Halffter and Edmonds,
1982), and Canthon makes a ball from the dung and rolls it,
after which it buries the ball, although not very deeply.

For these beetles, it is important that the soil can be dug
and tunnels can excavated in the soil. In the study region,
the slopes and soil type as well as the high degree of
rockiness and volcanic elements (including the badlands),
do not favor nesting. This is further complicated since large
piles of dung such as those produced by cattle, are scarce
and only found in relatively small areas which are not
necessarily the windows with the best soil quality. Based
on this we would expect to find reproductive populations
of Scarabaeinae where soils are loamy and relatively deep,
while in the other places where they were found, they
would be visitors that do not form stable populations.

On comparing the dominant soil types of each window
with the richness and number of Scarabaeinae, we observe
that the window with the lowest richness (n= 1, . plicatus)
is the rockiest as it occurs in the badlands and the beetles
cannot nest there. These soil characteristics do not affect
the genus Trox, since it does not make deep nests. The
females of this genus lay their eggs on the soil beneath
animal carcasses which the larvae take advantage of and
therefor, Trox is less affected by soil type (window 1).

At windows with more loamy soil (windows 3, 4, 5,
and 6), richness is higher, since the soil allows different
species to dig. The absence of C. humectus humectus and
P. quadridens from windows 3 and 4 may result from
low food availability since these are not pasturing areas.
Window 5 is scrub with soil that is good for digging tunnels
and this, together with an abundance of food makes this the
window with the highest richness. Also, the largest species
(C. humectus humectus and P. quadridens) were more
abundant here than at the other windows.

Most Aphodiinae species do not nest, but rather
reproduce in the dung and the soil immediately beneath it.
Neither of the 2 Aphodiinae species was collected in traps,
but rather under dung in areas surrounding the study area.
Since they reproduce in dung, their presence is not much
affected by soil type.
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b), limited rainfall. The MTZ does not have a Scarabacinae
fauna that is_characteristic of arid regions, and this happens
in almost all of North America, with the exception of
the southern Peninsula of Baja California (Halffter
et al.,, 2010). In the arid regions of northern Mexico
(Sonora and Chihuahua up to the U.S.A.), there are few
copronecrophagous species and the few that are found
are also widely distributed in the dry pasture and scrub
environments. One example is Canthon (Boreocanthon)
puncticollis, which is found from the deserts of Baja
California, Arizona and Chihuahua to the arid regions
of the Mexican Plateau, the known southern limit of its
distribution is Tehuacan, Puebla.

In the landscape we studied, the limited rainfall along
with the other factors we discuss result in the absence
of several beetle species that are typical of the southern
Plateau.
¢), limited availability of dung. The only medium-sized
mammals that are relatively abundant are sheep and
goats. Although cattle are present, they are much less
abundant and there are no large tracts of land dedicated
to cattle ranching, because the vegetation only allows
goats and sheep to be pastured. Of the native animals, the
only abundant mammals are rabbits and squirrels which
produce very small amounts of dry scat. O. lecontei has
been found associated with rabbit dung at windows on the
southern Plateau (Arellano et al., 2009); however, we did
not observe this in this study.

Food availability is very important, but in order

for there to be greater species richness, in addition to
food availability the soil must allow the beetles to nest,
particularly for the larger species.
d), the distribution phenomena of the northeastern slope
of the Trans-Mexican Volcanic Belt. In this region only 1
species that may have come down from the mountains was
found: O. chevrolati retusus. This could be the result of not
only differences in altitude, but also the combination of the
3 points mentioned above.

For other places where the Trans-Mexican Volcanic
Belt comes into contact with a_more humid part of the
Plateau and where cattle are present, Nearctic mountain
elements have been found as marginal invaders (e.g. Copris
armatus Harold and C. klugi Harold). In Mexico City, in
Las Lomas de Chapultepec and in Contreras, Ceratotrupes
fronticornis (Erichson) comes down into the city in some
places where there are trees.

The absence of Dichotomius colonicus (Say) is
noteworthy. This species has the Mexican Plateau
distribution pattern, and is widely distributed including
the southern portion of the Plateau. It is a large species
that is mainly associated with cattle dung. Its absence from
the study landscape appears to be associated with the near

absence of large dung pats and the lack of deep soil since
the nests of D. colonicus are extensive and deep.

It is also interesting to note that the 2 invasive species
from the United States of America: Digitonthophagus
gazella (Fabricius) and Euoniticellus intermedius (Reiche)
were not found in the landscape studied. These species
have expanded rapidly and widely in Mexico (Lobo, 1996;
Lobo and Montes de Oca, 1997; Arellano and Halffter,
2003; Rivera and Wolff, 2007), even in desert areas.
Reasons they might not inhabit the study landscape include
the lack of appropriate dung (mainly cattle dung) and the
high degree of rockiness of most of the soils.

All species are found throughout the study region, with
the exception of C. puncticollis, which was only found
at sites close to mountainsides. However, richness and
particularly abundance vary locally. The microdistribution
of the beetles in the region seems to point to a higher degree
of aggregation in favorable sites. Microdistribution is not
only aggregated, it is also highly nested. One exception to
this is the aforementioned C. (B.) puncticollis, which is the
only species typical of the arid sites within this landscape.

In summary, the most important characteristics for the
presence of copronecrophagous beetles are soil type and
food availability. Richness and abundance are greatest when
both of these elements are favorable in the same place.
Biogeographic distribution patterns of  the
copronecrophagous Scarabaeoidea species present in the
study area (Table 4). When the Plateau rose in the Miocene
it became a very important area of diversification and
speciation for ancient lineages of insects and plants. This is
true for lineages of South American origin such as Canthon
and Phanaeus, and for lineages of northern origin such as
Onthophagus. The Plateau is thus one of the most important
areas of in situ evolution and endemism in the MTZ.

In our study arca we found the almost complete
dominance (see Table 4) of species with the Plateau
patterns, both those of the ancient lines with Neotropical
affinities (Mexican Plateau distribution pattern), and
those with northern affinities (Paleoamerican distribution
pattern on the Plateau). The exceptions are also species
of northern affinity, but partially associated with the
mountains.

On comparing our results with those from the studies
carried out in Metztitlan and Tehuacan, it is necessary to
take into account that our study includes Scarabaecinae,
Aphodiinae and Trogidae, while most authors only work
with Scarabaeinae and Aphodiinae, or just the Scarabaeinae.
For comparisons with other sites, the number of each
taxonomic group sampled should be compared and not the
overall numbers. Thus, here we only make comparisons
between Scarabaeinae and Aphodiinae, leaving aside
Trogidae at present.
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Fifty percent of the species collected (n= 8) are shared
with Metztitlan (C. humectus humectus, C.(B.) puncticollis,
O. lecontei, O. mexicanus and L. pseudolividus), and
37.5% are shared with Tehuacan (C.(B.) puncticollis, O.
lecontei and L. pseudolividus). All 3 landscapes share
only 3 species: C.(B.) puncticollis, O. lecontei and L.
pseudolividus.

We collected a total of 960 beetles, while at Metztitlan
and Tehuacan-Cuicatlan 58 496 and 1 599 were collected
respectively. The high abundance at Metztitlan results
mainly from Canthon humectus hidalgoensis (53 370
beetles). The favorable soil type and food availability make
such a high abundance possible. Evidently, the aridity does
not limit richness or abundance, given that all 3 are dry
sites. It is more likely that the low beetle density in our
study region is the result of the characteristics of the sites
mentioned above.

The composition of the Scarabaeidae communities
from the 3 arid regions of central Mexico is very different.
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Although they share similarities in ecological conditions
owing to the aridity and their relative geographic proximity,
the biogeographic history is different. The fauna of the
Barranca de Metztitlan is typical of the dry Plateau with
affinities at the species level with the northeast of the
Plateau, and even with the southern U.S.A. as occurs
in our study area. In Tehuacan-Cuicatlan the fauna has
Neotropical elements of modern expansion (geologically
speaking) with few Plateau elements, and it has affinities
with the upper Balsas Basin.

In tropical America almost all of the studies on the
biodiversity and ecological distribution of dung beetles
(and many other groups) have been carried out in regions
or places where both the richness of species and that of
individuals is very high. In general, these studies seek to
document the effects of human activities, whether in terms
of changes to the structure of natural communities, or due
to forest fragmentation. Dung beetles are a good indicator
group for illustrating the effects of anthropic activities

Table 4. Biogeographical affinities of the species captured in the study area and species found in other arid sites in central Mexico. Affi-
nities are detailed in the Discussion. An asterisk indicates the species was found outside of the Metztitlan transect. NA (not applicable)
indicates that trogid beetles were not sought in Metztitlan or Tehuacan

Species Biogeographical affinity Metztitlan Tehuacdn
Canthon (B) puncticollis Mexican High Plateau x(*) X
Canthon (C) h. humectus Mexican High Plateau X

Onthophagus chevrolati retusus Paleoamerican Montane

Onthophagus lecontei Paleoamerican - High Plateau X X
Onthophagus mexicanus Paleoamerican - High Plateau x(*)

Trox plicatus NA NA
Phanaeus quadridens Mexican High Plateau

Labarrus pseudolividus Paleoamerican X X
Pseudagolius coloradensis Nearctic

(Halffter and Favila, 1983) and this has brought about the
repetition of similar approaches in different regions or
ecological conditions (Nichols et al., 2007).

We chose a region where preliminary collection
indicated the existence of a poor faunal group due to the
extreme conditions mentioned in this paper. We feel that
the results obtained from this study highlight the usefulness
of studying the formation and structure of assemblages
of different groups under ecological conditions that are
unfavorable.
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