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Abstract  We studied the diversity of dung beetle communities in Japanese pastures to
identify the factors that maintain or enhance the diversity of dung beetles at a landscape
scale. We surveyed dung beetles from 17 pastures located in the northeastern part of
Tochigi Prefecture, which is in the center of mainland Japan. From 1999 1o 2001, surveys
were conducted during the 6-month grazing period (May to October) by using dung baited
basket traps. We also collected information about the environmental conditions and pasture
management practices. Twenty-five dung beetle species belonging o Geotrupinae,
Scarabaeinae, and Aphodiinae (including 13 wnneler and 12 dweller species) were
recorded. The abundance of dweller species decreased with increasing elevation, possibly
because of the effect of rainfall, whereas the species richness of tunneler species was
affected by cattle disturbance and soil condition. Beetle species richness significantly
increased with the number of years that the pastures had been grazed. Ivermectin
administration did not appear to have any adverse effect on dung beetle abundance, species
richness, or species diversity. The dung beetle datasets of the current study (including
specific tunneler and dweller beetle groups) supported the widely documented positive
relationship between local abundance and species distribution ranges. The within pasture,
within arca, and between area hierarchical additive partitioning of regional total diversity
indicated that landscape-scale management should be implemented to conserve the
regional diversity of the dung beetle communities inhabiting Japanese pastures.
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Introduction

Grasslands used for raising cattle, including grazing pastures and meadows, have multi-
functional benefits. For instance. grasslands (1) conserve water, soil, biodiversity, and
landscape features; (2) counteract global warming by absorbing greenhouse gasses and
sequestrating carbons in the soil; and (3) provide opportunities for recreation and tourism
(Gibon 2005; Hopkins and Holz 2006). Furthermore, many organisms depend on grassland
habitats for food, reproduction, and survival; thus, grasslands are fundamental for the
conservation of organisms (Tucker 1997; Kitahara and Sei 2001; Sala et al. 2001: Finck
el al. 2002; Tsukada et al. 2004).

Biologically diverse communities have various functions in ccosystems (termed eco-
system functions) (e.g., Tilman 1999; Loreau et al, 2002; Hooper et al, 2005; Spehn et al.
2005; Gessner et al. 2010). Dung beetles (which are coprophagous insects belonging to
Scarabaeoidea. Coleoptera) that inhabil cattle grazing pastures are important for facili-
tating the cycling of nutrients (Bormemissza 1960; Hosogi 1985; Bang et al. 2005; Yamada
et al. 2007; Nichols et al. 2008), improving soil structure (Bornemissza 1960; Bang et al.
20005; Nichols et al. 2008), dispersal of plant seeds (Nichols et al. 2008), suppressing
harmful flies and endoparasites of livestock found in animal dung (Bornemissza 1960,
Blume et al. 1973; Fincher 1975; Hosogi 1985; Nichols et al. 2008), and reducing rank
patches (i.e., the zone of rank growth around dung pads that cautle avoid grazing)
(Bornemissza 1960). Such beneficial functions 1o ecosystems are termed ecosystem ser-
vices (Costanza et al. 1997; Daily et al. 1997; Sala and Paruelo 1997: Mi 1Icpn|um Eco-
system Assessment (ed.) 2005). In USA, the economic value of ecc services
provided by dung beetles is estimated to be around 380 million US dollars annually (Losey
and Vaughan 2006),

However, the number and diversity of dung beetles has recently declined, because of a
reduction in grazing areas, changes in pasture management (Lumaret and Kirk 1991; Lobo
el al. 2001; Tsukamoto 2003; Carpaneto et al. 2007; Escobar et al. 2008; Nichols et al.
2008}, and habitat fragmentation (Klein 1989 Estrada et al. 1998; Nichols et al. 2007).
Consequently, many dung beetle species have become listed as threatened on national or
local Red Lists (Vessby and Wiktelius 2003; Imura 2010). In addition, it has been pre-
dicted that the rapid extinction of dung beetles would cause the loss of ecosystem func-
tioning (Larsen et al. 2005; Nichols et al. 2008). Therefore, studies about the diversity and
conservation of dung beetles are of increasing importance (Hortal et al. 2001; Lobo 2001
Martin-Piera 2001; Hutton and Giller 2003; Chefaoui et al, 2005; Davis and Philips 2005;
Lobo et al. 2006: Nichols et al. 2007; Jay-Robert et al. 2008b; Navarrete and Halffier
2008).

Here, we studied the regional diversity of dung beetle communities in pastures at a
landscape scale, to identify the factors that maintain or enhance dung beetle diversity,
which would be required to establish ecosystem-service-facilitated sustainable cattle
farming. Over a 3-year period, we surveyed dung beetles from 17 pastures in a region of
northeastern Tochigi Prefecture, which is located in the central part of mainland Japan, In a
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12 previous study, Imura et al. (2011) selected 10 major land-use elements that might influ-
73 ence the suitability of habitats used by dung beetles from the GIS DATA. The prediction
74 model for dung beetle species richness generated by the authors indicated broad-leaved
75 deciduous forests and pastures as positive land-uses elements, whereas artificial forests
76 represented a negative element. Furthermore. the model indicated that areas of high pasture
77 density might serve as hotspots for dung beetle diversity. However, the model only
78 explained 65 % of the variability in dung beetle diversity; hence, other factors might also
79 influence the diversity of dung beetle communities. Thus, the current study Tocused on
80 evaluating environmental factors (such as physical. vegetation, and cattle management
81  factors) that might influence the diversity of dung beetle communities in pastures. We also
82 performed macroccological analyses to determine the regional structure of dung beetle
83 diversity, to develop suggestions to improve the conservation management of dung beetle
84  communities.

85 Methods
86 Surveyed pastures

87 We surveyed 17 grazing pastures in the northeastern part of Tochigi Prefecture, which is
88 located in the central part of mainland (Honshu) Japan. The study pastures were distributed
89 across an area of about 50 km (along longitude) » 70 km (along latitude) (3,150 km*)
90  (Fig. 1: Table 1). This region has a history of horse and cattle stock farming dating back
91 several 100 years, with many operational cattle ranches.

92 Dung beetle survey

93 For the survey, we separated the region into three areas according 1o its geographical and
94 1opographical conditions, with each area containing 5-6 pastures (Table 1; Fig. 1). Area |

. -1

:5":-.5 w1 “"Honshu
SRS
? hikoku

L .Il
A

r

Fig. 1 Locations of pastures surveyed in the Tochigi Prefecture, The numbers comespond o the pasture
numbers presented in Table 1. The contour Lines indicate the altitude in meters
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95 was located on a hillside at the foot of Mt. Nasu, area 2 was situated on the alluvial fan of
96 River Naka, and arca 3 was located on a hillside at the foot of Mt. Takahara in the River
97 Kinu basin. We surveyed 5-6 pastures in each area within a 1-week period, with the survey
98  lasting three successive weeks for the three areas combined. From 1999 to 2001, we
99 surveyed dung beetles once a month between May and October, which was the period
100 during which cattle grazed the pastures. We established a survey site in the center of cach
101 pasture. Since the Nasumohan pasture covered a large area, we established two sites in
102 paddocks of different altitudes (Nasumohan-U and Nasumohan-L, see Table 1) for the
103 survey. At each site, beetles were trapped using three dung-baited basket traps (Hayakawa
104 etal. 1976), which were placed at approximately 10-m intervals along a transect line. The
105 wap consisted of a plastic basket (20 em in diameter and 8 em deep), which contained
106 andosol on which 400 g of fresh caule dung had been placed. The cattle dung was col-
107 lected from dairy cattle fed with hay. The dung, 400 g in weight, was stored until use in
08 polyethylene bags in a freezer. We buried the traps to the rim in the soil. The trap mimics
109 caitle dung (feces) on the ground of pastures. Thus, the trapping technigue was regarded as
110 a quantitative sampling method of the dung beetles that colonize cattle droppings. After
111 24 h of deployment, we transferred the traps to the laboratory and separated the beetles
112 from the dung and soil in the traps, The beetles were stored in 75 % alcohol until iden-
113 tification. Voucher specimens were deposited in the Nasu Research Station, NARO and in
114 the Nasunogahara Museum, Nasushiobara, Tochigi, Japan,

=
ot
e

-11]'|{'|‘.

£k

.

115 Environmental and management measures

116 We measured the height and species richness of vegetation in four quadrats (1 m x 1 m)
117 that were randomly placed at cach survey site, Vegetation height was calculated as the
118 average height measured at 5 random points within a quadrat. We also measured soil
119 hardness (kg cm ™) at five points in each quadrat by using a soil hardness tester (Na-
120 kayama type handy model, Fujiwara Scientific Co., Tokyo). and averaged the measure-
121 ments after excluding the minimum and maximum values, Vegetation and soil hardness
122 were measured during June of 2000 and 2001. The measurements were averaged across the
123 2 years for the data analyses.

124 The longitude-latitude coordinates at each survey site were recorded using a handheld
125 GPS device (Model-FG-212/210, Empex Co., Tokyo). The altitude of the survey sites was
126 determined from comparing the GPS location with the databases of the National Land
127 Agency of Japan. We obtained climatic variables of annual average temperature (°C),
128 annual precipitation (mm). and annual solar radiation (] cm ) for the sites from GIS Mesh
129 Data (1 km x | km), according to the Automated Meteorological Data Acquisition Sys-
130 tem provided by the Japan Meteorological Agency (Seino 1993). The climatic variables
131 were averaged over the 3-year survey period.

132 Through interviews with farmers, we collected information about each study pasture,
133 including details of the grazing arca, grazing years, grazing period, and administration of
134 ivermectin (an anthelmintic drug that is known to have adverse effects on dung beetles)
135 (e.g., Wall and Strong 1987; Lumaret et al, 1993; Kriiger and Scholtz 1997),

136 Data analyses
137 We estimated the expected species richness by using a nonparametric method of the bias
138 corrected Chao2 (Chao and Shen 2012), based on the presence—absence data of dung beetle

139 species. The estimator Chao2 provides the least biased estimate for small numbers of
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samples (Colwell and Coddington 1994). We also estimated species diversity measured by
1-D (Pielou 1969; Hurlbert 1971), where 12 was the Simpson's measure of concentration
(Simpson 1949) based on the minimum variance unbiased estimator (MVUE) (Magurran
1988), by using the software SPADE (Chao and Shen 2012).

We analyzed the relationship between interspecific distribution and local abundance
(Gaston et al. 1997; Holt et al. 2002) of dung beetle species. We defined distribution as the
frequency at which the species oceurred among the pastures, and we defined abundance as
the average number of individuals per year per pasture where the species occurred (i.e.,
abundance-when-present), o avoid the detection of a spurious positive relationship
between distribution and abundance (Gaston and Lawton 1990; Wright 1991).

To examine the spatial structure of dung beetle diversity in the pastures of the surveyed
landscape, we partitioned regional total diversity (y) into hierarchical diversity components
(Allan 1975), Partitioning of [} diversities was performed based on the three areas that were
separated according to their geographical and topographical conditions for the survey
(Fig. 1). We used the PARTITION soltware (ver. 3.0) for the hierarchical additive parti-
tioning of regional total diversity v with respect o within pasture (&) diversity, within area
([34) diversity, and between area (f.) diversity (Crist et al, 2003; Veech and Crist 2009),
based on the numbers equivalent (i.e., the true diversity), which makes diversity compo-
nents o and } independent (Lande 1996; Jost 2007). We selected the Simpson’s diversity
index. with the parameter ¢ being set to 2 (Jost 2007). The diversity components and their
significance test were caleulated wsing no sample weighting based on the relative number
of individuals in each sample and the individual-based randomization that randomly
reassigns each individual in the data set to the lowest hierarchical level of analysis (Veech
and Crist 2009), by running 1,000 iterations.

The relationship between two variables was analyzed using Spearman’s rank correla-
tion. The effect of nominal pasture variables on dung beetle diversity was analyzed using
the Wilcoxon’s rank sum test. For all statistical tests, * indicates p (probability of sig-
nificance) = 0L05, ** indicates p < 0.01, and *** indicates p < 0.001.

Results
Pastures

Information about the attributes in relation to the topography, climate, soil, grazing, and
vegetation of each pasture survey site are shown in Table 1. The altitude of the pastures
represented by the site values ranged from 147 to 1011 m. Annual mean femperature
ranged trom 8.0 “C (Happo) to 13.2 "C (Ohya, Minaminasu and Fureai). Annuval precip-
itation was fairly high, ranging from 1,383 mm (Fureai) to 2,326 mm (Happo). Annual
solar radiation (omitted from Table 1) ranged from 3,830 MJ m™ (Nasumohan-1) to
4,636 MJ m™" (Minaminasu). The distribution of the pastures with respect to the envi-
ronmental gradients of altitude. temperature, and precipitation is shown in Fig. 2. Soil
hardness was the lowest at Fujinita (2.93 kg em ™), and exceptionally high at Minaminasu
(16.49 kg cm ™). The pastures were grazed by dairy or beef cattle. Except for the recently
established pasture at Nakamura (1 year before). pastures had been grazed for longer than
20 years. Ivermectin was administered to cattle at 8 pastures, Other pesticides including
insecticides and herbicides were not applied to the pastures. The pastures of Fujinita and
Happo had a seminatural vegetation type dominated by Japanese lawn grass Zovwia
Japonica. The vegetation type at all other pastures was artificial grassland dominated by
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Fig. 2 Distnbution of pastures (survey sites) in refation to the environmental gradients of temperature,
precipitation, and altitude. The pumbers comespond 1o the pasture numbers presented in Table |

Lolium perenne, Dactylis glomerata, Poa pratensis, and Trifolium repens, Vegelation
height ranged from 18 to 58 em. except for the Nakamura and Happo pastures, where it
was less than 10 cm. Vegetation diversity exceeded 11 species per m™ at the Fujinita
pasture, which ranged from 4 to 9 species per m” at all other pastures.

Dung beetles and influencing factors

In total, 47,387 individuals belonging to 25 dung beetle species were collected (Table 2).
Two species belonged to the Geotrupinae subfamily, 9 belonged to Scarabaeinae, and 14
belonged to Aphodiinae. All Geotrupinae and Scarabacinae species and 2 Aphodiinac
species were tunnelers (13 species), while all other Aphodiinae species were dwellers (12
species). Tunnelers and dwellers are functional groups of dung beetle species that are
classified depending on their reproductive behaviors (Cambefort and Hanski 1991); wn-
nelers dig tunnels in the ground under dung and bury dung mass for cgg laying, and
dwellers lay eggs and breed in dung on the ground. Cambefort and Hanski (1991) mis-
interpreted Aphodins elegans and A. quadratus as dwellers. A, wrostiema was the most
abundant species. followed by A. rectus, Onthophagus lenzii. A. quadratus, A. sublimbatus,
A. pusillus, and A, uniplagiatus. Copris pecuarius and Myrhessus samurai were only
captured once. A. guadratis was present in all pastures, while O, lenzii, A. wrostigma, A.
pusillus, A. rectus, A. sublimbatus, and O. ater were present in most pastures, Except for 0.
ater, these species represented the dominamt species of this region.

The total number of beetles captured per year, the number of species collected
(observed species richness), the expected species richness estimated by Chao2, and specics
diversity (1-I) of the pastures are shown in Table 3. A large vanation was observed in the
total number of beetles (abundance) among the pastures. A 30 times higher beetle abun-
dance was observed in the largest pasture (Fureai) compared to the smallest (Dojodaira)
pasture. Although beetle abundance was significantly correlated with altitude, temperature,
and precipitation (p < 0.01 or p < 0.05), only the abundance of dwellers contributed to
these relationships (p = —0.640%%, p = 0.635"%, and p = —0.561%*, respectively).
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212 The figures showing the observed and expected species richness corresponded closely
213 (Table 3). However, the expected species richness of the lately established Nakamura
214 pasture had a large standard error (s.e.), which highly deviated from the observed species
215 nchness. Thus, the data by Nakamura were excluded from the subsequent analyses. The
216 expected species richness was high at Ohsawa, Ohfukabori, and Fujinita, ranging from 17.0
217 10 18.7. In comparison, the expected species richness was low in the mountainous pasture
218 of Happo and in the riverbed pastures of Kawamura, Uwasawa, and Kobayashi (7.7-9.1).
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The expected species richness significantly increased with the number of grazing years
(p = 0.691*%"%), This relationship was recorded for the species richness of both tunnelers
(p = 0.572%) and dwellers (p = 0.645%). The species richness of tunnelers also exhibited
significant negative and positive correlations with soil hardness (p = —0,741%%) and
vegetation height (p = 0.728%*), respectively; however, grazing years was not correlated
with these two variables (p > .05). Species diversity (1-D) was the highest at Fujinita,
followed by Ikeda, Minaminasu, Hohzukidaira, and Kobayashi, and was the lowest at
Happo. Species diversity was not correlated with any climatic, vegetation, edaphic, or
pasture management variables (p > 0.05). None of the nominal variables (i.e., cattle type.
vegelation type, or ivermectin administration significantly affected the abundance, species
richness, or species diversity of dung beetles (Wilcoxon's rank sum test, p = 0.05).

Distribution and abundance of dung beetles

Twelve dung beetle species were found in more than 10 pastures (Table 2), despite the
survey pastures being distributed across a wide range of environmental gradients (Fig. 2).
This observation indicated that these dung beetle species are eurvokous.

We excluded C. pecuarius and M. samurai from the analysis of the relationship between
interspecific distribution and local abundance, because these two species were only
recorded once during the 3-year survey (Table 2). As local species abundance increased,
the distribution range (frequency of occurrence in the pastures) significantly expanded
(p = 0.557**) (Fig. 3a), When tunnelers (12 species) and dwellers (11 species) were
analyzed separately, the same relationship remained consistent for both groups (correlation
for tunnelers and dwellers: p = 0.621* and p = 0.704*, respectively; Fig. 3b, c).

Partitioning of species diversity

The survey was conducted in the different three areas that were separated according to the
geographical and topographical conditions (Fig. 1), which were expected to influence the
spatial structure of beetle diversity, Thus, we partitioned B-diversity into 2 hierarchical
levels: within area ; and between area B, (Table 4). The results indicated that, while the
contribution of observed a-diversity (within pasture) to regional y-diversity was the largest
(47 %), it was significantly smaller than the expected a-diversity (p < 0.001). In com-
parison, the observed [}, (within area) and [}, (between arca) diversity (which contributed
to 3[;:_1—1; 22 % of y-diversity. respectively) was significantly larger than expected
(77 < 000 ).

Table 4 Hierarchical additive purtitioning of regional y-diversity in the pasture dung beetle commuinities

Diversity component” Observed (%) Expected (% " Randomization test
a 262 47.1) < 459 (69.6) =< 0001

B 1.72 (30.9) = 1.3 (15.2) pro= (00|

= 1.22 (2200 - 100 (15.2) po= 0001

¥ 5.56 659

" True diversity component of the Simpson’s index
= within pasiure, [, within arca, fi; between area, and y regional total diversily

" Figures in parentheses represent percentage occupied in the total diversity ¥
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Discussion

In this study, 25 dung beetle species belonging to Geotrupinae, Scarabaeinae, and Apho-
diinae were recorded. The number corresponded to 46 % of the species in these subfam-
ilies that were found in Tochigi Prefecture (Tochigi Prefecture 2003), which is one of the

.. mmost species-rich districts for dung beetles in Japan [Tﬁﬁumum 2003). This finding indi-

cates that these pastures contain diverse dung beetle fauna. Pastures generally have high
dung-beetle abundance and diversity, because they are rich in dung resources produced by
large livestock, such as cattle and horses (Hanski and Cambefort 1991h; Barbero et al.
1999; Lobo et al. 2006; Zamora et al. 2007: Jacobs et al. 2010). In addition, the pastures in
this landscape might have had high dung beetle diversity for historical, geographical, and
landscape reasons. First, there is a long history of animal production in this region, where
the grazing of horses and cautle has been actively and widely operated for hundreds of
years; hence, this landscape probably conserves rich dung beetle fauna (Imura
2012} Second, the surveyed landscape is located at a temperate latitudinal region
(36°30'-37°10'N, Fig. 1), with a broad altitude range (147-1011 m; Table 1; Fig. 2),
which might facilitate the co-occurrence of cool-climate-adapted dwellers (12 species) and
warm-climate-adapted tunnelers (13 species) (Table 2) (Hanski and Cambefort 1991h).
Finally, the arrangement of many pastures surrounded by natural vegetation in this land-
scape might also contribute to the observed higher beetle diversity (Imura et al. 201 1).

There was large varability in beetle abundance among the pastures (Table 2). The data
also showed that beetle abundance declined with increasing altitude. A similar relationship
was observed in the Iberian mountains of Spain (Martin-Piera et al. 1992; Romero-Alcaraz
and Avila 20004) and the Slawesi mountains of Indonesia (Hanski and Niemeld 1990),
However, when analyzed separmely, dwellers showed this relationship, whereas tunnelers
did not. Altitude was closely correlated with annual precipitation (p = 0.975%%%) in this
region (Fig. 2). The larval development and adult activity of Aphodiid dwellers mainly
occurs in dung pats on the ground; hence. these species might be more adversely influenced
by a greater amount of rain that washes away the dung on the ground at higher altitudes.

The observed and expected species richness corresponded closely, indicating that the
3-year survey period provided a good representation of the dung beetle fauna of pastures.
Species richness was negatively correlated with annual solar radiation and soil hardness.
Since the two variables were highly correlated (p = 0.714**), increasing annual solar
radiation might indirectly affect species richness by increasing soil hardness, Climatic
factors are known to modify soil condition for dung beetles (Lumaret and Kirk 1991).
When the functional groups were separated, the species richness of dwellers was not
correlated with any environmental variables, whereas that of tunnelers was negatively
correlated with soil hardness and positively correlated with vegetation height. Vegetation
height indicates the extent of disturbance to pastures, such as grazing and trampling by
cattle, which also cause soil compaction (Negro et al. 2011b). Thus, munnelers are expected
to be more sensitive to cattle disturbance (Jankielsohn et al. 2001; Negro et al. 2011b)
through the effect of soil compaction compared to dwellers, as suggested in previous
studies (Doube 1991; Davis 1996). Previous studies also support our finding that soil type
and vegetation cover minimally influence dwellers (Hanski 1991; Hanski and Cambefort
1991a; Jay-Robert et al. 2008a). The present study indicated that environmental factors
influenced the species richness of wnnelers and the abundance of dwellers.

Species richness significantly increased with an increase in the number of grazing years,
with this relationship also being separately observed for both tunnelers and dwellers.
According to the colonization theory (MacArthur and Wilson 1967; Simberlotf and Wilson
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1969), isolated vacant habitats receive increasingly more species through colonization as
time lapses. However. the observed species richness of the recently established Nakamura
was exceptionally large, contradicting the species richness-grazing years' relationship.
Surrounding land-use also influences the species richness of dung beetles. For stance,
broad-leaved deciduous forests and pastures increase species richness, whereas artificial
coniferous forests decrease species richness (Imura et al. 2011). The prediction model of
species richness based on those land-use parameters indicated that the Nakamura area is o
dung beetle hotspot in this region. Thus, the number of grazing years is expected (o
superimpose a long-term effect on the species richness of beetle communities, with the
species richness also being influenced by the local conditions.

In this study, we could not detect any adverse effects of conventional ivermectin
administration on the abundance, species richness, or species diversity of dung beetles.
There have been extensive studies about the nontarget adverse effects of anthelmintics,
including 1vermectin, on dung beetles (e.g., Lumaret and Errouissi 2002; Suarez 2002;
Floate et al. 2003). However. field assessments in which cattle are treated with anthel-
mintics on pastures remain rare, with variable outcomes (Kriiger and Scholtz 1998a, b
Kryger et al, 2005; Rombke et al. 2010; Webb et al, 2010). The extent to which ivermectin
affects dung beetle communities in the field possibly depends on a number of factors,
including climatic conditions, the spatial scale of treatment. and the proportion of animals
treated (Kriiger and Scholtz 1998b; Kryger et al. 2005). Thus, large-scale and long-term
field studies are required to confirm the effects of anthelmintics on dung beetle community
structure and diversity in pastures (Lumaret and Errouissi 2002: Suarez 2002: Floate et al.
2005). In particular, species that are highly susceptible to ivermectin, such as Copris
species (Iwasa et al. 2007), require careful assessment under actual grazing conditions.

A positive relationship between local abundance and the distribution range of species is
a ubiguitously observed phenomenon in taxonomic assemblages (e.g., Hanski 1982: Brown
1984; Lawton 1993; Gaston 1996). In this study, all dung beetles combined demonstrated
this relationship, as well as the specific tunneler and dweller functional groups. The present
results. in combination with those of previous studies (Hanski and Koskela 1978: Hanski
1982; Lobo 1993: Romero-Alcaraz and Avila 2000b), indicate that a positive distribution—
abundance relationship is common in dung beetle communities. A number of hypotheses
have been proposed to explain the causal mechanisms of this positive relationship.
including sampling artifact, aggregated distribution, niche availability, habitat selection,
and metapopulation dynamics, among others (Gaston et al. 1997; Holt et al. 1997; Bor-
regaard and Rahbek 2010). While we did not investigate the causal mechanisms in this
study, it is likely that several mechanisms jointly contribute to the relationship, with
different relative importance depending on the circumstances (Gaston et al. 1997). Irre-
spective of the causal mechanisms, Lawton (1993, 1996) suppested that the positive dis-
tribution—abundance relationship is significant in the context of conservation. That is,
species with a restricted distribution range also tend to have small local populations, which
increase their vulnerability to human effects and risk of extinction (i.e., double jeopardy)
(Lawton 1996). In fact, Freckleton et al. (2005) suggested that this relationship caused the
decline in the regional tree sparrow population in Britain, Therefore, two coprid species .
actidens and C. pecuariuy, which were particularly rare and locally restricted in this
landscape, should be of significant conservation concern (note, the major habitat of M.
samurai, which was rare in this study, is not pastures: Kawai et al. 2005). The results of
this study also indicate that the continuous monitoring of the distribution and abundance of
dung beetle populations at a landscape scale is necessary for effective conservation,
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The regional structure of organism diversity at a landscape scale has been analyzed
using within community (=) diversity and between community () diversity (Whittaker
1972; Magurran 1988; Southwood and Herderson 2000), To understand how ecosystems
function for biodiversity conservation and ecosystem management, it is important to
specily how species composition and distribution are determined (Legendre et al. 2005).
Hence. the relative importance of diversity components should be tested by ensuring that
the partitioning of the components allows them to be independent and additive (Jost 2007).
The hierurchical additive partitioning of regional (y) diversity into within pasture o, within
arca [}y, and between arca fi» diversity indicated that, while the contribution of the observed
o-diversity to total (y) diversity was largest, the observed [}, (within area) and i, (between
area) diversities were significantly larger compared to expected 3y and By values. The two
observed [-diversity componemts contributed respectively 1o about 20-30 % of the
regional y-diversity. Analysis of dung beetle community structure through the additive
partitioning of diversity components has also been carried out in heterogeneous landscapes
containing pastures (Verda et al. 2007; Numa et al. 2009; Negro et al. 201 la; 201 1b). As
found in the present study, se-diversity contributed to the largest part of y-diversity, but not
significantly, with hierarchically partitioned [i-diversity components being significantly
larger than expected by chance, irrespective of landscape scale (Numa et al, 2009; Negro
et al. 2011a, b). The p-diversities of dung beetles indicated the presence of spatial hel-
erogeneity that was associated with local and topographical conditions in this lundscape;
however, previous studies about dung beetles (Jay-Robert et al. 1997; Davis et al, 1999,
Escobar et al. 2007) reported that [-diversity indicated species turnover along environ-
mental gradients (such as altitude).

Legendre et al. (2005) proposed 3 hypotheses about the ongin of f-diversity: (1) species
composition is uniform over large arcas; (2) species composition fluctuates in a random,
autocorrelated way, with different parts of the ecosystem possibly sustaining different
species compositions for historical reasons: and (3) species distributions are related to
environmental conditions. with landscapes forming mosaics in which species composition
is controlled by environmental site characteristics. The current study supported the second
and third hypotheses, as f-diversities were significantly larger compared to those of neutral
models. Hence, each area might have different exploitation and grazing history, such as
cattle disturbance and grazing years, as indicated in the current study. The present results
indicate that differences in climatic, edaphic. and pasture management conditions might
also be responsible for the observed [P-diversities of beetle communities, The second
hypothesis implies that areas supporting different species composition large enough 1o
minimize the risk of species extinction should be protected (Legendre et al. 2005). The
third hypothesis implies that protected arcas should represent the different types of habitat
used by a given species, with each area being of sufficient size to be sustainable (i.c.,
prevent local extinction). Ultimately, habitats representing favorable dispersal routes (i.e.,
corridors) should be given special protection focus (Legendre et al. 2005).

Gering et al. (2003) concluded that regional conservation management programs tar-
geted towards increasing hierarchieal -diversities of arboreal beetle diversity would be
more effective than increasing «-diversity, Hence, based on these hypotheses, in combi-
nation with a recent decline and abandonment of pastures in this landscape. individual
pastures and pastures encompassing certain areas should be maintained to conserve dung
beetle diversity. Macagno and Palestrini (2009) also concluded that the maintenance of
small pastures in a landscape mosaic of closed Torests of the Alpine mountain belt would
be effective towards conserving dung beetle diversity.
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