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Abstract. The fauna and ecology of Silphidae beetles in
the territory of north-eastern part of Altai were studied for
five years (2009-2013). The distribution of 17 species of
carrion beetles attracted to baits composed of poikilothermic
and homoeothermic animal remains in different habitats were
also studied. The proximity of the habitats to water bodies
and their influence on the nutritional preferences of the Co-
leoptera of Silphidae family were also considered. It was
found that for the whole Silphidae family the corpses of
warm-blooded animals have a greater degree of attractiveness
(59.7 % of caught specimens), than the corpses of cold-
blooded animals (40.3 %). Species showing the greatest pref-
erence for the corpses of homoeothermic organisms are
Necrodes littoralis, Thanatophilus latericarinatus, Nicropho-
rus vestigator and Nicrophorus morio, and the lowest pref-
erence Nicrophorus vespilloides and Nicrophorus fossor.

Pe3zrome. Ha npotsxennu 5 net (2009-2013) nposoau-
JIMCh UCCIE0oBaHUs (ayHbl U IKOJIOTHH JKYKOB-MEPTBOESIOB
(cem. Silphidae) ceBepo-BocTouHOM 4yacTu Antas. B manHoi
CTaThe pacCMaTPUBACTCs pactpesienicHue | 7 BbISBICHHBIX BU-
JIOB JKYKOB-MEPTBOEIOB MEXIy HNPHUMaHKaMH W3 OCTaHKOB
MOHKHUIIOTEPMHBIX (XOJIOTHOKPOBHBIX) M TOMOHOTEPMHBIX (TEII-
JIOKPOBHBIX) )KHUBOTHBIX B Pa3JINYHbBIX HCCIEAYEMbIX OHOTOMAX
Ha TEPPUTOPUU CEBEPO-BOCTOYHON dacTu Antasd. OTaensHO
paccMoTpeHa 0J1M30CTh OMOTOIOB K BOAOEMAaM U MX BIIMSHUE
Ha Tpoduueckue nmpedepeHIn KYKOB-MePTBOS10B. BBIsICHH-
JIOCh, YTO B IIEJIOM UL ceMelCTBa OONBIIYIO CTENIEHb aTTpakK-
TUBHOCTH HUMEIOT TPYIBl TEIUIOKPOBHBIX *XHUBOTHBIX (59,7 %
MOMMaHHBIX 0CO0Ei), YeM TPYIbl XOJOIHOKPOBHBIX KHUBOT-
HBIX (40,3 %). Buas! Bbika3aBmme HanOoIbIIee MPEANIOYTE-
HHE K MOPTMacce FrOMOHOTEpMHBIX OpraHu3MoB — Necrodes
littoralis, Thanatophilus latericarinatus, Nicrophorus
vestigator v Nicrophorus morio, HaumeHbliee — Nicrophorus
vespilloides w Nicrophorus fossor. Pe3ynbTaTbl JaHHOTO HC-
CIIEZIOBaHUSI MYOJIHKYIOTCS BIEPBbIC U AKTyalbHBl BBUAY
MPaKTHYECKH MTOJTHOTO OTCYTCTBHUS PaboT, OCBSIIEHHBIX ITOM
TeMe.

Introduction

Despite of the big total number of the articles
devoted to the studying of the fauna and the ecology

of the carrion beetles (Silphidae), there is only one
article in the whole world describes the carrion beetles
response to the poikilothermic (cold-blooded) and
homoeothermic (warm-blooded) carrion, where
Silphidae beetles did not show the clear preference for
the certain type of bait [Shubeck, 1976]. The same
author investigated the different aspects of Silphidae
beetles behavior in the searching of corpses [Shubeck,
1968, 1969, 1971, 1975]. Other studies were connected
with the succession of necrophilous insects on the
carrion [Watson, 2004].

For the designated area (north-eastern part of Altai)
was published data on the trophical preferences only
for the species Nicrophorus vespilloides Herbst, 1784
preferred cold-blooded carrion [Eremeev, Psarev, 2016].

The purpose of this investigation is to reveal the
trophical preferences of 17 species of detected carrion
beetles between two types of bait in different habitats
and for the whole studied area. Silphidae beetles are
active destructors of the dead organic matter and it is
very important to know which corpse (cold-blooded or
warm-blooded) attracts them more to evaluate their role
in the utilization of the decaying remains. The data
published for the first time.

Materials and methods

Materials were collected during the study of the
fauna and the ecology of carrion beetles in the north-
eastern part of Altai (mainly the territory of the city of
Biysk and its surroundings) during 5 years — since
2009 through 2013 (from May to September of each
year). In designated period there were studied various
landscapes and habitats with different level of
anthropogenic transformation. All the 20 investigated
localities are distinguished by the character of
vegetation, moisture, insolation, wind, altitude, location
near or far from water bodies etc. and can be divided
into 5 habitats:
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Amuro-Orlovsky Forest (AOF) — a wet and shadow
pine forest (coniferous) with different level of mixture of
deciduous trees in the area between rivers Katun and
Biya near their conjunction. Humidity is high. There
were studied 3 localities in the distance from the water
bodies. This habitat studied for 1 year;

Industrial zone of the city of Biysk (1Z) — mixed
(mostly coniferous) forest on the right bank of the Ob
River. There are a lot of different industrial objects.
Humidity is medium. 3 localities were placed in the
distance from the water bodies. This habitat studied for
2 years;

Islands on the Biya River (ISL) — small archipelago
within city’s area with willow and poplar forests
(deciduous) and also wet meadows. Humidity is high. 5
localities were placed near the Biya River. This habitat
studied for 1 year;

Biya-Chumysh Upland (BCU) — there are 6 localities
placed on the vast open space covered with meadow
steppes, windbreaks (elms, birches, poplars, ashleaf
maples), floodplain of the Chemrovka River and the
shore of the Krasilovo Lake. Humidity is low. This
habitat studied for 4 years. So long term connected with
the fact that the bigger part of the studied area is located
within this form of relief and it is impossible to study all
the localities in 1 year;

Borovoy village (BOR) — the slope of the V-th
terrace of the Biya River about 50 meters high. At the
bottom of the terrace is a bank of the river with lush
vegetation and humid conditions, in the middle part
grasses are dominate and feels lack of moisture and at
the top of the terrace is xerophytic vegetation
(wormwood) growing in arid conditions. This habitat
studied for 1 year

For the collection of the material we used baited
pitfall traps suggested by V.K. Zinchenko [Zinchenko,
2007]. This is a plastic bottle with bait inside. The neck
of the bottle is covered with organza to protect the bait
from various organisms. Under the neck a plastic glass
filled with preserve liquid is dug in the ground. Inside
the bottles I separately put about 200 grams of decaying
meat or fish (mortmass of poikilothermic or
homoeothermic organisms) to reveal the preference to
the certain type of bait for every species I found. The
bait was not the whole but dissected corpse, but it is
not critically important for the validity of the experiment.
During the investigation 170 traps were used. Totally
there were collected 2717 specimens of carrion beetles.

Analysis of the data was performed using paired t
test and tools of the program Microsoft Office Excel 2010.

Results

On the studying area I revealed 17 species of Sil-
phidae beetles from 2 subfamilies (Silphinae Latreille,
1807 and Nicrophorinae Kirby, 1837) and 6 genera:
Necrodes littoralis Linnaeus, 1758; Silpha carinata Herb-
st, 1783; Silpha obscura Linnaeus, 1758; Phosphuga
atrata Linnaeus, 1758; Oiceoptoma thoracicum Linnae-
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us, 1758; Thanatophilus rugosus Linnaeus, 1758; Tha-
natophilus sinuatus Fabricius, 1775; Thanatophilus lat-
ericarinatus Motschulsky, 1860; Nicrophorus morio
Gebler, 1817; Nicrophorus investigator Zetterstedt, 1824;
Nicrophorus vespillo Linnaeus, 1758; Nicrophorus vesp-
illoides Herbst, 1784; Nicrophorus fossor Erichson, 1837,
Nicrophorus vestigator Hershel, 1807; Nicrophorus an-
tennatus Reitter, 1884; Nicrophorus sepultor Charpenti-
er, 1825 and Nicrophorus interruptus Stephens, 1830.
The conducted investigation showed that 59.7 % of
carrion beetles preferred pitfall traps with the remains of
homoeothermic organisms and only 40.3 % with the re-
mains of poikilothermic organisms.

Performed paired t-test showed the preference of all
the Silphinae species for the meat bait— 73.113 and for
the fish bait, respectively, 26.887. Species N. littoralis
was found only on meat bait. The other representatives
of Silphinae subfamily did not show the clear preferenc-
es for the certain type of bait; however the majority of
them mostly were caught on the meat baits too. The
percentage ratio of the specimens caught on the bait of
mortmass of poikilothermic (meat) or homoeothermic
(fish) organisms is distributed as follows. Species
S. carinata (57.6; 42.4 %), O. thoracicum (58.7;41.3 %),
Th. rugosus (63.3; 36.7 %) were found approximately in
equal percentage ratio in the pitfall traps (~ 40 % on the
fish baits). Species preferred homoeothermic bait even
more — Ph. atrata (71.4; 28.6 %), Th. sinuatus (72.9;
27.1%), S. obscura (76.4;23.6 %). In Silphinae subfam-
ily for the species Th. latericarinatus (84.6; 15.4 %), as
it turned out, pitfall traps with meat bait have the high-
est degree of attractiveness. Thus, we can say that all
the representatives of all the discovered Silphinae spe-
cies on the studying territory prefer the remains of
warm-blooded animals, and the last four species have a
pronounced preference for them (Fig. 1).

There is another situation in Nicrophorinae subfam-
ily (Fig. 2). Results of paired t-test: for the meat bait —
61.233 and for the fish bait— 38.767. Species N. vespil-
loides (32.6; 67.4 %) and N. fossor (48.6; 51.4 %) showed
the greatest preference for the substrate consists of
decaying fish (these are only two species in the whole
family, which preferred fish bait in more than the half
cases). It is less pronounced for N. vespillo (55.4;
44.6 %). That is possible to say that this species does
not have a clear preference for the certain type of bait,
as well as N. fossor. The group which includes
N. investigator (63.2;36.8 %), N. sepultor (60.2; 39.8 %)
and N. interruptus (60.7; 39.3 %) preferred fish bait in
approximately 38 % of cases. For the species N. anten-
natus (72.0; 28.0 %), N. morio (77.8; 22.2 %) and
N. vestigator (80.6; 19.4 %) the bait of rotten fish have
had the less degree of attractiveness.

In general, in Silphinae subfamily the share of spec-
imens attracted by the meat bait is 64.2 %, fish bait is
35.8 %. In Nicrophorinae subfamily— 54.9 % and 45.1 %
respectively.

It is also worth to note the alteration of the abun-
dance of caught specimens in each year. The reasons
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of this alteration and the difference of the total number
of caught specimens, probably lie in the difference of
temperature conditions in various years of the investi-
gation and also in the different natural conditions in
the studying habitats where the traps have been set.
As seen from Fig. 3, only in 2011 the majority of the
specimens preferred the fish bait (the difference is
slightly less than 2 times). In the other years the num-
ber of the specimens chose the bait with the remains
of homoeothermic organisms is more than the number
of specimens which were caught on the baits of poiki-
lothermic organisms (in 2009 and 2010 insignificantly,
in 2012 almost doubled and in 2013 approximately
3 times more).

The following are the results of the analysis of the
distribution of the specimens of each species of the
carrion beetles between the baits in different habitats.

Some carrion beetles were found only in one or two
habitats. Species N. littoralis (100 % on the meat bait)
was found only in the coniferous forest in the industrial
zone of the Biysk City. As well as the species Ph. atrata
(71.4 % of the specimens on the meat baits; 28.6 % on
the fish baits) and N. interruptus (60.7; 39.3 %) only on
the territory of the Biya-Chumysh Upland. Species
Th. latericarinatus present in two habitats — in Amuro-
Orlovsky Forest (75.0; 25.0 %) and on the Biya-Chumy-
sh Upland (100 % on the meat baits). N. sepultor has
also been found only in two habitats — on the Biya-
Chumysh Upland (58.9; 41.1 %) and in the industrial
zone (60.0; 40.0 %).

Species S. carinata (Fig. 4a) in two similar by the
environmental conditions habitats — the Amuro-
Orlovsky Forest (45.6; 54.4 %) and in the industrial zone
of the city (45.9; 54.1 %) (It is densely covered with pine
forest) had a slightly higher preference for the fish
baits. Here its distribution between the baits was
surprisingly similar. On the vast open space (Biya-
Chumysh Upland) (65.1; 34.9 %) and in the habitats
located close to the water bodies (islands on the Biya
River, river terrace in Borovoy village) it was caught in
100 % of cases on the meat baits.

One more species from the genus Silpha — S. 0b-
scura (Fig. 4b) in all the populated habitats preferred
meat baits — in the Amuro-Orlovsky Forest (68.4;
31.6 %), in the industrial zone (63.6; 36.4 %), on the
Biya-Chumysh Upland (82.8; 17.2 %). In Borovoy vil-
lage it was caught only in the trap with meat.

Species Th. sinuatus (Fig. 4c) in four of five habitats
where it was found, preferred meat baits — in the
Amuro-Orlovsky Forest (88.9; 11.1 %), in the industrial
zone (60.0; 40.0 %), on the Biya-Chumysh Upland (73.5;
26.0,5 %), on the slope of the river terrace in Borovoy
village (75.0; 25.0 %). On the islands on the Biya River
this species preferred the remains of the poikilothermic
organisms — all the specimens were caught only on the
baits with rotten fish.

The other representative of the genus Thanatophi-
lus — Th. rugosus (Fig. 4d) in two habitats preferred
meat baits — on the Biya-Chumysh Upland (65.7; 34.3 %)
and in the Borovoy village, where it was caught only on
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Fig. 1. Preferences for the different types of bait of the
species of Silphinae subfamily, %.
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Fig. 2. Preferences for the different types of bait of the
species of Nicrophorinae subfamily, %.
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Fig. 3. Alteration of the number of specimens of carrion
beetles, caught on the different types of bait in each year of the
experiment.

Puc. 3. VI3meHeHNe KOAMIECTBA SKYKOB-MEPTBOCAOB, HIOMMAHHDIX
Ha Pa3sAMYHBIX TUIAX HMPUMAHKU B KaKAOM TOAY SKCIIEPUMEHTA.
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Fig. 4. The percentage ratio of the specimens of the species of Silphidae family caught in the traps with different types of
bait: S. carinata (a), S. obscura (b), Th. sinuatus (c), Th. rugosus (d), O. thoracicum (e) and N. vespillo (f). Note: AOF — Amuro-
Orlovsky Forest, BCU — Biya-Chumysh Upland, IZ — industrial zone, ISL — group of islands on the Biya River, BOR — the slope
of the V-th terrace of the Biya River near Borovoy village.

Puc. 4. TIpoyeHTHOE COOTHOIIEHME 3K3EMIASPOB BUAOB cemeiicTsa Silphidae, IOVMaHHBIX B AOBYIIKM € PasAMYHBIMU THIAMU
npumanok: S. carinata (a), S. obscura (b), Th. sinuatus (c), Th. rugosus (d), O. thoracicum (e) n N. vespillo (f). ITpumedanne: AOF —
Amypo-Opaoseknit aec, BCU — Buitcko-Uymslrickas BO3BBIIIEHHOCTD, 1Z — mpomsiniaeHHas 30Ha, ISL — rpymma octposos Ha
pexe Bus, BOR — ckaon V-ii teppacer pexn Bum B parione mocéaka Boposoit.
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meat baits. But in the Amuro-Orlovsky Forest (25.0;
75.0 %) and in the industrial zone (in 100 % cases in the
traps with fish) it preferred fish bait.

For the species O. thoracicum (Fig. 4¢) in two of
four habitats the meat bait has the greatest degree of
attractiveness. In the industrial zone (62.4; 37.6 %), on
the Biya-Chumysh Upland (including the floodplain of
the Chemrovka River and the shore of the Krasilovo
Lake where it was found only in the traps with meat
bait) (58.3; 41.7 %). On the islands on the Biya River
(41.5; 58.5 %) and in the Amuro-Orlovsky Forest (45.0;
55.0 %) this species preferred fish baits.

Species N. vespillo (Fig. 4f) in three of five habitats
preferred the bait of the mortmass of poikilothermic
organisms — in the Amuro-Orlovsky Forest (31.8;
68.2 %), in the industrial zone (46.3; 53.7 %) and on the
islands on the Biya River (42.9; 57.1 %). On the Biya-
Chumysh Upland (68.9;31.1 %) and on the slope of the
river terrace in Borovoy village (87.5; 12.5 %) it was
more often found in the pitfall traps with meat baits.

Species N. vespilloides (Fig. 5a) in the industrial
zone (31.8; 68.2 %) and on the islands of the Biya River
(7.1; 92.9 %) was caught mostly in the traps with fish
bait. In the Amuro-Orlovsky Forest (66.7; 33.3 %) it
preferred the meat baits, and on the territory of the
Biya-Chumysh Upland (50.0; 50.0 %) the percentage of
the specimens caught in the traps with one or another
type of bait is divided equally.

N. antennatus (Fig. 5b) only in the industrial zone
had the high level of preference for the fish bait (100
%). In the rest three habitats, where it was found, the
percentage of the specimens who flew on the attracted
them meat bait is higher than the percentage of the
specimens flew on the fish bait — in the Amuro-
Orlovsky Forest (75.0; 25.0 %), on the Biya-Chumysh
Upland (80.0; 20.0 %), and on the slope of the V-th
terrace of the Biya River in Borovoy village (60.0;
40.0 %).

N. investigator (Fig. 5¢) in one habitat preferred the
meat baits (the industrial zone (51.5; 48.5 %)), in the
other habitat (the islands on the Biya River (50.0; 50.0 %))
both types of baits had an equal degree of the attrac-
tiveness. On the Biya-Chumysh Upland (82.8; 17.2 %) it
quite obviously preferred the decaying meat. In the
Amuro-Orlovsky Forest (46.2; 53.8 %) some more of its
specimens were caught in the traps with fish bait.

Species N. fossor (Fig. 5d) in Borovoy village was
caught only in the traps with meat baits. Also the big-
ger share of the specimens of this species were caught
in the traps with baits of meat in the industrial zone
(54.8; 45.2 %) and in the Amuro-Orlovsky Forest (66.7;
33.3 %). On the Biya-Chumysh Upland this species is
about two times more often preferred the bait of the
carrion fish (34.6; 65.4 %).

Species N. morio (Fig. 5¢) in the industrial zone of the
city was caught only on the bait of the mortmass of
homoeothermic organisms, on the slope of the V-th ter-
race of the Biya River in Borovoy village the quantity of
the specimens is divided in half between the meat and
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fish baits. On the Biya-Chumysh Upland (66.7; 33.3 %) it
was more often found in the traps with meat bait.

Species N. vestigator (Fig. 5f) in all the habitats
preferred the traps with meat bait — in the Amuro-
Orlovsky Forest it was caught only on meat bait, on the
territory of the Biya-Chumysh Upland (81.7; 18.3 %)
and in the industrial zone (60.0; 40.0 %).

Discussion

Describing the results of the conducted experiment
it is also worth to take into account the individual
preferences of various species of carrion beetles. So,
for example, N. littoralis mostly occurs on the large
corpses. Set pitfall traps had small size and this fact
determined in advance the less degree of the attractive-
ness of the baits for this species.

In addition to the eating carrion, as well as plant and
fungal remains, Silphidae beetles are able to prey on the
corpses eating the larvae of flies (maggots).

The distribution of the specimens of the species of
the carrion beetles in different types of baits in desig-
nated habitats depends on a number of factors. So, in
all the habitats always predominates the group of in-
sects, most specimens of which preferred traps with the
baits of decaying meat. The only exceptions were the
islands on the Biya River. There among six species one
species preferred the meat bait, the preferences of the
second species are divided in half and more four spe-
cies were caught mostly in the traps with fish baits.
This fact is probably explained by the almost complete
absence of mammals in the island natural communities.
The sizes of the corpses of the birds are also not too
big. The most common and available here are the corps-
es of marsh frog (Pelophylax ridibundus Pallas, 1771)
and moor frog (Rana arvalis Nilsson, 1842), and also
cast ashore fish (poikilothermic animals).

Data from the article of Shubeck [1976] tells that in
his experiment the most of the beetles did not show
clear preferences for the certain type of bait, however,
for one species — N. orbicolis — cold-blooded carrion
had a greatest degree of attractiveness. The author
explain this fact by the nocturnal activity of the species,
while the rest species are diurnal.

The share of the species in the other habitats pre-
ferred certain type of the bait is distributed as follows.
In the Amuro-Orlovsky Forest 58.3 % of the species
preferred meat bait, 41.7 % preferred fish bait. In the
industrial zone 64.3 % and 35.7 % respectively. On the
territory of the Biya-Chumysh Upland 6.3 % of the
species did not show the preference for the certain type
of bait, 6.3 % of the species were attracted in large
numbers by the fish bait, and the majority of the speci-
mens of 87.5 % of the species were collected in the traps
with meat bait. On the slope of the V-th terrace of the
Biya River in Borovoy village similar percentage was
attracted by the traps with the remains of homoeother-
mic organisms and 12.5 % of the species did not show
the preferences. In the floodplain of the Chemrovka
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. Fig. 5. The percentage ratio of the specimens of the species of Silphidae family caught in the traps with different types of
bdit: N. vespilloides (a), N. antennatus (b), N. investigator (c), N. fossor (d), N. morio (e) and N. vestigator (f). Note: abbreviations

of the habitats names see the fig. 4.
Puc. 5. TIpoyeHTHOE COOTHOIIEHME 3K3EMIASPOB BUAOB cemeiicTsa Silphidae, mOVMaHHBIX B AOBYIIKM € PasAMYHBIMM THIAMU

npumanok: N. vespilloides (a), N. antennatus (b), N. investigator (c), N. fossor (d), N. morio (e) n N. vestigator (f). Ilpumeuanmne:

COKpaljeHus] Ha3BaHWil OMoTONOB cm. puc. 4.
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River and on the shore of the Krasilovo Lake all the
specimens were attracted exclusively by the traps with
decaying meat.

Conclusion

The conducted experiment of determination of the
preferences of the Silphidae species for the certain type
of bait showed that for 59.7 % of specimens the bait of
the remains of homoeothermic organisms was more at-
tractive than the bait of the remains of poikilothermic
organisms (40.3 % of specimens respectively). Species
which have pronounced preference for the mortmass of
warm-blooded animals are Necrodes littoralis, Tha-
natophilus latericarinatus, Nicrophorus vestigator and
Nicrophorus morio. In Silphinae subfamily species Sil-
pha carinata and Oiceoptoma thoracicum have the
greatest per cent of specimens attracted by the mort-
mass of cold-blooded animals among the other Silphi-
nae species (about 42.0 % of the specimens of each
species). In Nicrophorinae subfamily the representa-
tives of the species Nicrophorus vespillo (44.6 % of
specimens) and especially Nicrophorus fossor (51.4 %)
and Nicrophorus vespilloides (67.4 %) have the great-
est number of species attracted by the bait of the corps-
es of poikilothermic animals. All these species of carri-
on beetles are widely distributed and quite common in
the habitats located near the water bodies, where how it
turned out, most of the specimens preferred fish bait.
This is connected with the fact that in such localities
the anuran and fish corpses (cold-blooded) are more
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common and available than the avian and mammalian
corpses.
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