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Summary. In the south of the Russian Far East an assembly of dung beetles
inhabiting tiger (Panthera tigris) dung has been studied. Data on the species
composition, population dynamics, and number and biomass of the dung beetles are
presented. A comparison of dung beetle assemblages inhabiting tiger, wild boar,
and sika deer dung under identical spatiotemporal conditions, formed from a
common species pool, reveals similar species compositions in these associations.
However, their structure and the dynamic processes occurring within them differ
significantly. This is reflected in a richer species composition and the number of
species of individual functional groups in sika deer dung, differences in dominant
species, seasonal distribution patterns of abundance and biomass (including peak
values of these indicators for individual dung beetle functional groups), and
aggregated overlapping temporal aspects of the ecological niches of coprophilous
beetles. These differences are probably related to the size and structure of
excrement of vertebrate animals, the presence of specific attractive substances in
the droppings of carnivorous and omnivorous mammals.
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C. A. lllabanuH. AccambJien :kykoB-HaBo3HMKOB (Coleoptera, Scrabaeoidea)
00MTAIOINUX B MOMeTe TUKHX KUBOTHBIX [lanbHero Bocroka Poccun. Coodiienne
3. HaBo3Huku, odutawmue B nomere Turpa (Panthera tigris) // JlanbHeBoCTOY-
HbIH 3HTOMOJI0T. 2026. N 560. C. 1-16.

Pe3srome. Ha rore [lanmsHero Boctoka Poccum u3ydena accamGiess HAaBO3HUKOB,
obutaromux B momere turpa (Panthera tigris). IlpuBeneHs! JaHHBIE O BHIOBOM
COCTaBe, IMHAMUKE HACEJICHUs, YUCIEHHOCTH U Ouomacce HaBO3HUKOB. CpaBHEHHE
accam0Jieli HAaBO3HHKOB, OOUTAIOLIMX B IIOMETE TUTPa, KabaHa U MATHUCTOTO OJICHS
B MJACHTHUYHBIX MNPOCTPAHCTBCHHO-BPEMEHHLIX YCJIOBUAX, U (bOle/lpyIOH_lI/IXCH Ha
6aze 001Iero BUOBOTO IIyJia, MOKA3bIBAET, YTO BHJOBOW COCTAB 3THX acCOLMAIMN
CXOJIEH, OZIHAKO OCOOEHHOCTH MX CTPYKTYpPbI M JTUHAMHUUYECKHE NPOLIECCHI, IPOTEKA0-
IIMe B HUX, UMEIOT CYIIECTBEHHBIC Pa3iIM4Ms. DTO BBIpaXkaeTcs B Oosiee Oorarom
BHZIOBOM COCTAaBE M YHCJIE BHIOB OTIENBHBIX (DYHKIHMOHAIBHBIX TPYHII B MTOMETE
MISTHACTOTO OJICHS, B PA3NMUYMAX JTOMHUHHUPYIOIINX BUIIOB, OCOOCHHOCTAX CE30HHOTO
pacripenieieHus] YHCICHHOCTH M OmoMacchl (BKIFOYAsl TMHKOBBIE 3HAYCHHS STHUX
nokasaTesel sl OTAENbHBbIX (PYHKIMOHAIBHBIX TIPYINI HABO3HUKOB), a TaKkKe B
COBOKYIIHBIX ITOKA3aTeJAX IMEePEKPHITHS BPEMEHHBIX ACTIEKTOB SKOJIOTHIECKUX HHIIT
KOIPO(MIIBHBIX JKECTKOKPBLIBIX. YKa3aHHbIE Pa3inyusi, BEPOSITHO, CBA3aHbI C pa3Me-
paMu U CTPOCHHUEM DKCKPEMEHTOB MMO3BOHOYHBLIX KUBOTHBIX, HAJIMYUEM cneun(bnqec-
KUX MPUBJICKAIOMNX BEHICCTB B IOMCTEC XHUIIHBIX U BCEATHBIX MJICKOIIUTAIOIINX.

INTRODUCTION

This publication is a completes the series devoted to the examination of dung
beetle assemblages inhabiting the dung of wild animals in the Russian Far East. The
assemblages of dung beetles living in the dung of wild animals on Russian Far East
were examined only using the example of the sika deer (Shabalin, 2025a) and wild
boar (Shabalin, 2026). We have considered only some assemblies of these beetles in
dung some domestic animals, such as sheep, cow, and horse (Shabalin, 2020, 2021,
2022a, 2024). Beetles, inhabitants of the droppings of carnivorous animals such as
tiger, have not previously been studied in this aspect. Accordingly, it is of interest
to study the assemblage of dung beetles that inhabit tiger dung and compare it with
that in sika deer, and wild boar dropping, which will allow us to assess the role of
trophic selection and the influence of the local pool of species on the structure of
assemblies. The purpose of this work is to study dung beetles that inhabit tiger
dung in the Safari-park (south of Primorskii krai, Shkotovskii district) and compare
the results with data previously obtained in the same locality and at the same time
on the dung of sika deer (Shabalin, 2025a) and wild boar (Shabalin, 2026) to
identify the features of the morphology and dynamics of the assemblies
coprophages, determined by the type of droppings of mammals in Primorskii krai.
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MATERIAL AND METHODS

The collection of beetles, both in tiger droppings, was carried out in the south of
Primorskii krai (Shkotovskii district) in the vicinity of Shkotovo (43°32' N, 132°40’
E) on the Safari-park in enclosures using substrate removal (Shabalin, 2021) from
April 3 to October 8, 2020, once every ten days. The species identification of
Coleoptera was carried out using the Key to Insects of the Far East (Berlov, 1989),
review works (Kabakov, 2006), and considering new faunal finds (Shabalin &
Berlov, 2008; Shabalin, 2018; Shabalin et al., 2024). The collection of the Federal
Scientific Center for Biodiversity, Far Eastern Branch, Russian Academy of Sciences,
was used as comparative material. Over the entire period of the study, 43.5 L of
dung were removed and distilled and more than 1324 specimens of coprophilous
scarabaeoid coleoptera were collected and identified. Taxon names are given
according to the Catalog of Palaearctic Coleoptera (Dellacasa et al., 2016; Nikolajev
et al., 2016; Ziani & Bezdék, 2016).

Functional groups are distinguished by a combination of trophodynamic rela-
tionships of beetles and their size classes. Types of trophodynamic relationships are
given according to I. Hanski & Y. Cambifort (1991): dwellers are beetles that live
in the thickness of manure; tunnelers are beetles that make passages under a pile of
substrate and store provisions for larvae, and rollers are beetles that roll balls of dung.

The following size classes of beetles are accepted: small (s), up to 4.7 mm;
medium (m), from 4.7 to 8.0 mm; and large (1), more than 8 mm (Shabalin, 2023).
To calculate biomass indicators, original data were used (Shabalin, 2023), consi-
dering the regional specifics of the fauna. The overlap of ecological niches of
beetles was assessed using formulas (Colwell & Futuyama, 1971; Hanski, 1978; Yu
& Orloci, 1990):

2jlp;i—p ‘
_ J|\ Tk
PSik = 1——2 (1), and
PSy, :ijin(pijﬂpik) (),

where PS;, is the overlap of ecological niches for species i and k, pjj is the share of
species i at point in time j, and py; is the share of species k at point in time j. In
formula (1), the complete overlap of ecological niches takes values equal to 0; the
absence of overlap equals 1. In formula (2), complete overlap takes a value equal to
1, and the absence of overlap takes a value equal to 0. Threshold values are defined
for the first formula as less than 0.8 and, for the second, more than 0.1. Calculations
were performed in EstimateSWin910, Past 4.12, and Excel 2007 programs. When
analyzing the seasonal aspects of a beetle population, species diversity refers to the
number of species active at the adult stage of development.

RESULTS
Species composition, functional groups. A total of 1391 individuals of beetles

belonging to 13 species were collected and identified, the list of which is given
below.



Family Trogidae: Trox (Trox) cadaverinus komareki Balthasar, 1931, Trox (Trox)
ussuriensis Balthasar, 1931.

Family Geotrupidae: Phelotrupes (Chromogeotrupes) auratus (Motschulsky,
1858).

Family Scarabaeidae, subfamily Scarabaeinae: Caccobius (Caccobius) brevis
Waterhouse, 1875, Caccobius (Caccophilus) christophi Harold, 1879, Onthophagus
(Altonthophagus) uniformis Heyden, 1886, Onthophagus (Gibbonthophagus) atri-
pennis Waterhouse, 1875, Onthophagus (Onthophagus) bivertex Heyden, 1887, and
Onthophagus (Phanaeomorphus) fodiens Waterhouse, 1875.

Family Scarabaeidae, subfamily Aphodiinae: Aphodaulacus koltzei (Reitter,
1892), Aphodaulacus nigrotessellatus (Motschulsky, 1866), Esymus pusillus (Herbst,
1789), and Phaeaphodius rectus (Motschulsky, 1866).

The expected species diversity in the studied assembly of Coleoptera was assessed
using the Chao2 and Mao Tao functions (Fig. 1); the values obtained at the terminal
points of the functions were 13.95 and 13.62 species; and the identified diversity
was 93.18 and 95.45% of that theoretically expected, respectively. The share of
identified species in the assembly of dung beetles inhabiting tiger dung in the
Safari-park is 14.67% of the fauna of these beetles in the south of Sikhote-Alin
Mountains (Shabalin, 2022b).

Coleoptera are classified into five functional groups based on trophodynamic
relationships and size classes. The most well represented groups are tunnelers the
large (4 species) as well a medium size class (3 species), in the groups of small size
class, the medium size class, and large size dwellers only 2 species were recorded in
each group.
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Fig. 1. Accumulation curve (Mao Tao) of dung beetle species.
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Seasonal aspects of changes in species composition. The activity of imago
beetles is observed from the beginning of April and continues until the second ten
days of October. From the first ten days of April to the first den days of May small
sized dweller Aphodaulacus koltzei, and medium sized dwellers (Phaeaphodius
rectus, and Aphodaulacus nigrotessellatus) is found in the collections. In the second
ten days of May, small sized dweller Esymus pusillus, large sized tunnelers
Onthophagus fodiens, and medium sized tunnelers Caccobius christophi are added
to it. From the first ten days of April to the second ten days of May, the number of
species increases, from 1 to 6 species. The maximum taxonomic diversity of
beetles inhabiting in the tiger dung in the Sikhote-Alin Mountains are noted in the
second ten days of May and first ten days of June (6 species). From the second ten
days of June a decrease in species diversity occurs. Thus, in this period only 1 — 2
species of dwellers and 1 — 4 species of tunnelers were activity. From the first ten
days of August to second ten days of September, taxonomic diversity consists of
tunnelers species with an extended period of adult activity (Phelotrupes auratus,
Caccobius christophi, C. brevis, Onthophagus atripennis, O. bivertex, and O.
fodiens). From the third ten days of September to the second ten days of October,
diversity decreases sharply. In this period medium sized dweller Phaeaphodius
rectus, and large sized tunnelers (Onthophagus atripennis, Phelotrupes auratus)
were activity. In the third ten days of October, with a strong decrease in daytime
temperatures, beetle activity stops (Fig. 2).
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Fig. 2. Seasonal dynamics of the number of species. Trophodynamic groups: T — beetles
making passages under a pile of substrate and storing provisions for the larvae, D — beetles
living in the depth of manure.

Number and seasonal aspects of its changes. In the conditions of the Safari-

Park, during the growing season, ne extended peak of increase in the number of
coprophilous scarabaeoid beetles are observed in the tiger dung, with their number
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exceeding 40 individuals / L. This significant, peak, with a total number of dung
beetles of 43.82 — 61.14 individuals / L, falls on the second-third ten days of April
(Table 1, 2). The peak is formed primarily due to the high performance of the small
dweller Aphodaulacus koltzei (34.18 — 46.43 individuals / L).

Table 1. Number of dung beetles (specimens/L) in the tiger dung by ten-day periods
(first ten days of April — first ten days of July)

Specics Decades

Apr.1|Apr.2|Apr.3| Mayl [May2|May3|Junel|June2 [June3 |Julyl
Ph. auratus — — — — — - 1029 | — — —
C. christophi - - - - 1033 - - — - -
O. uniformis — — — — — - 10,57 — — —
O. atripennis — — — — — — 10,57 | 6,67 |2,83|4,57
O. bivertex — — — — - 10,18 | — — - 10,57
0. fodiens — — — — 0,17 | — — — - 10,29
A. koltzei 0,33 |46,43|34,18| 11,11 |30,17| 7,64 | 1,43 | 0,33 | — -
A. nigrotessellatus| — (10,711 6,91 | 0,22 10,83 | 0,36 | — - 0,17 —
E. pusillus — — — — 1,17 — [057| — — —
Ph. rectus - 14,00/2,73] 0,44 |5,83]0,73]0,29] 0,33 |0,17 | —

Table 2. Number of dung beetles (specimens/L) in the tiger dung by ten-day periods
(the second ten days of July — the first ten days of October)

Species Decades

July2{July3|Aug.1| Aug.2 |Aug.3|Sept.1{Sept.2|Sept.3|Oct.1| Oct.2
T. cadaverinus — (0,11 — — — — — — — —
T. ussuriensis 0,50 | — — — — — — — — —
Ph. auratus — — — — — 1,00 | 1,00 | 0,17 | — —
C. christophi — — 10,13 | 0,29 | 0,40 — — — — —
C. brevis — - 10,13 | 0,29 — — — — — —
O. atripennis 12,50 8,89 | 1,25 | 3,14 | 8,40 | 2,00 | 2,00 | 0,17 | 0,50 | —
O. bivertex — - 10,13 | 0,00 | 0,40 | — — — — —
0. fodiens — — — - 1040 - — — — —
Ph. rectus — — — — — — — 1,17 |23,00( 0,40




The number of tunnelers during the growing season were quite low. Only in the
second ten-day period of July was a slight increase observed, reaching 12.5 speci-
mens / L, due to large sized Onthophagus atripennis. In this period accounts for
21.78 % of the total annual number of beetles of this group.
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Fig. 3. Seasonal population dynamics. Trophodynamic groups: T — beetles making
passages under a pile of substrate and storing provisions for the larvae; D — beetles living in
the depth of manure. Size classes: m — medium; s — small.
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Fig. 4. Proportion of functional groups in the number of beetles. Designations of months
and functional groups of beetles are the same as in fig. 3.
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High numbers (more than 40 individuals / L) of dwellers were noted in the first-
second ten days of April, which is 54.59% of their annual numbers, respectively
(Table 1, 2). A significant share of the annual number of dwellers inhabiting in tiger
dung in Sikhote-Alin Mountains falls on the periods from the first ten days of April
to the third ten days of May (Fig. 3, 4). The functional group of large size dwellers
did not have any pronounced peaks in numbers. For the functional group of
dwellers of the medium size class, population peak was noted in the first ten days of
October. This autumn peak in the number of medium sized dwellers is due to high
rates of Phaeaphodius rectus. Small dwellers had one population peak. This peak
was noted in the second-third ten days of April, and are associated with high
numbers of Aphodaulacus koltzei (Table 1, 2).

Biomass and seasonal aspects of its changes. In the collection of beetles under
consideration, three peaks in the rise in biomass values were noted in the second ten
days of July, the second — third ten days of July, and the third ten days of August —
the second ten days of September. All peaks are characterized by high values for
large size tunnelers (Fig. 5, 6). This periods account for 9.56, 30.69, and 35.01% of
their annual biomass respectively. These peaks are associated primarily with high
biomass values in Onthophagus atripennis and Phelotrupes auratus.

The peaks rise in the biomass of medium sized tunnels were noted in the first
ten days of July, and the third ten days of August; these periods accounts for 26.72
and 30.71% of their annual biomass, mainly due to high values of Onthophagus
bivertex (Table 3, 4).

For small dwellers, increases in biomass indicators have been established in the
second — third ten days of April. This peak account 58.55% of the annual biomass
of this group, primarily due to the high abundance of Aphodaulacus koltzei. Increases
in the biomass of medium sized dwellers were noted in the first ten days of October.
This peak accounts for 46.57% of the annual biomass of beetles of this group. The
peak of biomass in this group is associated with high rates of Phaeaphodius rectus
(Table 3, 4). Biomass peaks for a large sized dweller are not expressed, since
beetles of this group are represented by a limited number of specimens in a short
time interval.

Distribution of species by abundance. The distribution of species in the space
log of the number of specimens — the rank of species graphically looks like a
hyperbolic curve (Fig. 7). The resulting model with a sufficiently high coefficient of
determination corresponds to a broken stick hypothesis. MacArthur's model
assumes that niche space is divided into random, contiguous but non-overlapping
regions (Whittaker, 1980).

Overlapping ecological niches. The overlap of temporal aspects of ecological
niches for tunnelers in tiger dung in general, considering threshold values, was
established for 5 pair of species (out of the maximum possible combination, 21
pairs), of species belong to the same size groups (23.81% of the maximum possible
combination): Ph. auratus — O. uniformis, C. christophi — C. brevis, C. christophi —
0. bivertex, C. brevis — O. bivertex, and O. atripennis — O. fodiens.
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For dwellers, such an overlap of temporal aspects of ecological niches were
obtained for 5 pairs of species out of the maximum possible combination of 9 pairs.
Generations Phaeaphodius rectus divided into spring (s) and autumn (a). Conside-
ring the differentiation of beetles by size classes, 2 pairs of species are presented
(22.22% of the maximum possible combination), for which there is a significant
overlap of temporal aspects of ecological niches: A. koltzei — E. pusillus, and A.
nigrotessellatus — Ph. rectus (s).
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Fig. 5. Seasonal dynamics of biomass. Designations of months and functional groups of
beetles are the same as in fig. 3.
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Table 3. Dynamics of specific biomass of dung beetles (mg/L) in the tiger dung by
ten-day periods (first ten days of April — first ten days of July)

Species Decades
Apr.1|Apr.2|Apr.3| Mayl (May2| May3 |Junel| June2 |June3| Julyl

Ph. auratus — — — — — — 150,91 - — —
C. christophi — — — — 4,07 — 0,00 — — —
O. uniformis — — — — — — |34,54] - — —
O. atripennis - — - - - — |17,55|204,73|87,01|140,39
O. bivertex — — — — — 3,46 — — — 110,86
0. fodiens — — - - |511| - — — - | 8,76
A. koltzei 0,62 |85,89(63,24| 20,56 [55,81] 14,13 | 2,64 | 0,62 | — -
A. nigrotessellatus | — |33,43|21,56] 0,69 | 2,60 | 1,13 — — 0,52 —
E. pusillus — — — — 1,49 — 0,73 — — —
Ph. rectus — [23,28]15,87| 2,59 [33,95] 4,23 | 1,66 1,94 1097 | -

Table 4. Dynamics of specific biomass of dung beetles (mg/L) in the tiger dung by
ten-day periods (the second ten days of July — the first ten days of October)

Species Decades

July2 | July3 |Aug.1|{ Aug.2 | Aug.3 |Sept.1 | Sept.2 |Sept.3| Oct.1 | Oct.2
T. cadaverinus | — | 3,63 | — - — — - — - -
T. ussuriensis | 20,38 | — - - - - - - - -
Ph. auratus — — — — — |178,19(178,19{29,70 | — —
C. christophi — — 1,53 | 3,49 | 4,88 — — — — —
C. brevis — — 0,73 | 1,66 — — — — — —
O. atripennis _ |383,88]|272,98|38,39| 96,52 [257,96| 61,42 | 61,42 | 5,12 | 1536 —
O. bivertex — — 2,38 — 7,60 — — — — —
0. fodiens — — — — 12,26 | — — — — —
Ph. rectus — — — — — — — 6,79 (133,86| 2,33

DISCUSSION

The results obtained are the third in the Russian Far East to study the assem-
blages of dung beetles inhabiting in the dung of wild animals. The results allow us
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to compare assemblies of dung beetles in sika deer (Shabalin, 2025a), wild boar
(Shabalin, 2026), and tiger droppings, considering the fact that the observations
were carried out in identical geographical conditions and time frames. In addition, it
will allow us to examine the characteristics of the assemblies, given that the
studies covered herbivorous, omnivorous, and carnivorous animal producers of
manure. It should be noted that species of the family Geotrupidae previously noted
in the droppings of sika deer were not found in the boar droppings, but the specia-
lized keratophages species of the family Trogidae were noted only in tiger droppings.
The assemblage of inhabitants of sika deer dung is more taxonomically diverse,
with 14 species recorded, while in wild boar or tiger dung there are only 10 and 13
species, respectively. All species in wild boar droppings, with the exception of
Aphodaulacus nigrotessellatus, were also noted in sika deer droppings. Tiger
droppings contain the same species as sika deer droppings, with the exception of
Trox cadaverinus, Trox ussuriensis, Onthophagus fodiens, and Aphodaulacus
nigrotessellatus. The species composition of dung beetles found in boar or tiger
dung is represented primarily by generalists. Only one species, Aphodaulacus
nigrotessellatus, is a specialized inhabitant of carnivorous mammal dung. Perhaps
the omnivorous nature of wild boars or carnivorous nature of tiger has led to the
presence of special attractive components that attract this species of beetle. Hide
beetles (Trogidae) find remains of wool in tiger droppings, which they eat. Strict
trophic specialization is relatively rare in beetles of the Scarabaeidae and Trogidae
families. Many species feed on both carrion and dung. Since rotting and digested
animals are equally common, they can be used by members of the same species.
This is the case with the necro-coprophagous Onthophagini, which we discovered
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Fig. 7. Rank distribution of species.
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in tiger dung. Necrophagous keratinivorous trogids may use tiger dung, as in the
case of decomposing animal skins, by eating particles of wool. The wild boar
droppings also show a low number of functional groups of beetles. Only 3, while
the droppings of the sika deer or tiger contain 4 or 5 such groups. Large tunnels
previously noted in sika deer droppings were not found in the boar droppings. Large
dwellers were only observed in tiger dung. The obtained data on the population of
beetles in local assemblages confirm the results of a previously conducted analysis
of the food specialization of dung beetles in the Russian Far East (Shabalin, 2025b).
Comparing the obtained results, it should be noted that the taxonomic diversity of
all three assemblages examined is quite high. For example, only 12 dung beetle
species were recorded from sika deer scat on the Japanese island of Honshu (Kanda
et al., 2005). In the US state of Nebraska, which is not the tiger's native habitat,
only two species of dung beetles were found in tiger droppings, while four species
were found in wild boar droppings (Whipple, Hoback, 2012). The food
specialization of dung beetles inhabiting in the droppings of wild animals in the
Russian Far East are significantly poorer in species than the droppings of farm
animals.

Beetles were observed in the droppings of wild boar, sika deer, and tiger from
the beginning of April, but the activity of beetles in the droppings of sika deer and
tiger continued until the second ten days of October, and in the droppings of wild
boar only until the first ten days of the same month. The maximum species diversity
in sika deer droppings was observed in the first and second ten days periods of July,
while in wild boar droppings it peaked three ten days periods earlier, in the third ten
days of May and the first ten days of June. The maximum species diversity in tiger
droppings was found second ten days of May and first ten days of June. If in the
droppings of a wild boar the onset of beetle activity is associated with two species
Phaeaphodius rectus, and Aphodaulacus koltzei, then in the droppings of a sika
deer and tiger the onset of beetle flight is associated exclusively with the latter
species, and Phaeaphodius rectus appears only from the second — third ten days of
April. It is noteworthy that the species diversity in wild boar and tiger droppings is
low from the second ten days of June to October, compared to sika deer. In general,
the maximum taxonomic diversity of dung beetles in both wild (Shabalin, 2025a,
2026) and agricultural (Shabalin, 2020, 2021, 2022b, 2024) animal droppings in the
Sikhote-Alin Mountains occurs in late spring to mid-summer.

In general, peaks in the number of beetles in the assemblies under consideration
occur mainly during different periods with fluctuations. So, if in sika deer droppings
the spring peak in the number of beetles is falls on the second ten days of May, then
in wild boar droppings springer peaks were observed on the first ten days of May,
and on the third ten days May — first ten days of June, however in tiger droppings
this peak was observed on the second-third ten days of April. The summer peak in
wild boar droppings was noted in the first ten days of July, in sika deer and tiger
droppings this peak was not observed. In addition, these peaks, although formed
mainly due to the high number of dwellers, are due to increases in the numbers of
predominantly same species in the spring. However, summer peak expressed in wild
boar droppings is associated with a high number of small sized dwellers Labarrus
sublimbatus. This species has been observed in sika deer droppings, and was not
noted at all in the tiger's litter.
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The peak in the number of medium sized tunnelers in all assemblies under
consideration occurs in August and is associated with Caccobius christophi. As for
tiger droppings, this species was also observed in this substrate in August, but had a
rather low abundance here, not exceeding 0.4 specimens per liter. The peaks in the
numbers of both medium sized and small dwellers differ in number and occur in
different periods, and are due to increases in the numbers of predominantly
different species. Thus, in sika deer droppings, the spring peak in the number of
medium sized dweller is associated with Agrilinus ater, and the autumn peak with
Phaeaphodius rectus, in wild boar droppings, the spring peak is associated with the
latter species, but the autumn peak is not represented at all. In tiger droppings, the
spring peak in the number of medium sized dweller is not represented, but the
autumn peak in the first ten days of October is associated with Phaeaphodius
rectus. As for small sized dwellers, the spring peak in sika deer droppings is asso-
ciated with Esymus pusillus, and Aphodaulacus koltzei, while the summer peak is
not present at all. Similar features were noted for tiger droppings, however, the peak
in numbers was associated primarily with the latter species, and Esymus pusillus had a
rather low number. In wild boar droppings, the spring peak is associated with Apho-
daulacus koltzei, while the summer peak is associated with Labarrus sublimbatus.

The biomass of beetles living in dung of wild boar, sika deer and tiger is
characterized by peak values at approximately the in different time. The presence of
a functional group of large tunnelers in the sika deer and tiger droppings has a
significant impact on this. Thus, peak biomass levels in sika deer dung occur
exclusively in the second ten days of July and are associated with large tunnelers,
but in tiger dung in the second ten days of July, in the second — third ten days of
July, and the third ten days of August — the second ten days of September and also
are associated with large tunnelers. On the contrary, in the droppings of wild boar
peaks biomass levels occur in the first ten days of May, the third ten days of May —
first ten days of June, and the first ten days of July and are associated with small
and medium size dwellers. While the peak biomass values of medium sized
tunnelers and small sized dwellers are approximately the same, differing only by
ten days and associated with the same species in both wild boar and sika deer
droppings, the peak biomass values of medium sized dwellers have significant
differences. Thus, the spring peak in the biomass of medium sized dwellers in wild
boar droppings occurs at the third ten days of May — first ten days of June and is
associated with Phaeaphodius rectus, but in sika deer droppings this period occurs
at the second ten days of May, and associated with Acrossus superatratus, and
Agrilinus ater, but in tiger droppings this period occurs at the first ten days of
October and was associated with high rates of Phaeaphodius rectus. At the same
time, the autumn peak of biomass indicators of medium sized dwellers in wild boar
droppings is not expressed at all. Such differences in peak biomass values cannot be
attributed to local weather or geographic conditions, since beetle collections were
carried out in a single location. It is likely that the above-mentioned features of
biomass peaks are due to the peculiarities of the development cycles of beetles and
their seasonal selectivity in the choice of food objects.
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The rank distribution of species in the assemblies of sika deer and wild boar
dung corresponds to a geometric series or niche interception hypothesis, but in tiger
dung corresponds to a broken stick hypothesis. The overlap of the temporal aspects
of the ecological niches of dung beetles in the sika deer and tiger dung assemblages
is generally comparable, but for the wild boar dung assemblage, a slight increase in
this indicator is noted.

The above comparisons of dung beetle assemblies inhabiting in dung of wild
boar, tiger, and sika deer dung show that, although these assemblies are located in
the same place, they were formed on the basis of a common pool of species and
have a similar species composition of beetles, but the structural features of these
assemblies, as well as those dynamic processes occurring in them, have significant
differences. This is expressed in a poorer species composition and number of
species in individual functional groups in wild boar droppings, differences in
dominant species, features of the seasonal distribution of abundance and biomass
(including peak values of these indicators for individual functional groups of dung
beetles), the presence of specific keratophages in tiger droppings, and aggregate
indicators of the overlap of temporal aspects of ecological niches of coprophilous
scarabaeoid beetles. Apparently, these differences are due to a number of factors,
among which we should note the anatomy and structure of the digestive system of
vertebrates and type of animal nutrition (carnivore, omnivore and herbivore) that
produce dung. It is known that water content, carbon/nitrogen ratio, amino acid,
neutral lipid fatty acid, free fatty acid and sterol composition and concentrations in
dung have a serios difference, depending on the type of vertebrate animal (Frank et
al., 2017). In addition, dung volatiles clearly differed among mammal’s species,
allowing olfactory discrimination by dung beetles (Dormont et al., 2007; Scholtz et
al., 2009; Dormont et al., 2010). The morphology of the dung of some vertebrate
animals also differs significantly in both volume and shape (Chame, 2003), which
creates conditions for different evaporation of water from the surface of dung.

CONCLUSIONS

Comparisons of assemblies of dung beetles that inhabit tiger, wild boar and sika
deer dung in identical spatiotemporal conditions and form on the basis of a common
pool of species show that the species composition of these assemblies is similar, but
their structural features and the dynamic processes taking place in them have
significant differences. This is expressed in a richer species composition and number
of species in individual functional groups in sika deer dung, in differences in do-
minant species, features of the seasonal distribution of abundance and biomass
(including peak values of these indicators for individual functional groups of dung
beetles), and aggregate indicators of overlap of temporal aspects ecological niches
of coprophilous Coleoptera. The above differences are probably associated with the
size and structure of excrement of vertebrate animals, the presence of specific
attracting substances in wild boar droppings associated with omnivorousness and in
tiger droppings associated with predatoriness. The morphology of the dung of
consideration vertebrate animals also differs significantly in both volume and
shape, which creates conditions for different evaporation of water from the surface
of dung.
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