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Scat composition as an indicator of brown bear diet quality
on lturup Island

Alexey E. Scopin*, Svetlana V. Lipatnikova & Anton A. Polushkin

ABSTRACT. The results of fractional and chemical analysis of adult brown bear scats are presented. Feces
were collected on Iturup Island in summer. The bulk of the bear scats was represented by large-sized frac-
tions of fecal particles, that indicates poor food processing and inefficient digestibility of the consumed food.
The coefficient of variation (CV) of occurrence of particle fractions in different scat samples varied within
66—152%. The average dMean value of fecal particles for brown bear scats on Iturup Island is 8.34 mm.
The highest dMean (4.6-20.9 mm; 10.4 mm on average) were found in the scat samples containing algae,
while the lowest (1.2—6.5 mm; 4.3 mm on average) were detected in the samples containing mainly fruits
and seeds. Due to the high variability of the mass of different fecal particle fractions, there are tricky statis-
tically to discern the pooled scat samples between the bears roaming on the coasts and in the inland moun-
tainous areas. Among the macronutrients, crude fiber was the main component of the bear scat (23.5% on
average, maximum — up to 55.8%). The protein ratio in the scats was from 0.12 to 0.94 (0.41 on average).
The fecal samples differed greatly in fat content (up to 18 times). The scat composition of bears consum-
ing high-lipid plant seeds or fish carrion contrasts sharply with the scats which contain only the vegetative
parts of plants. No significant statistical differences were found between the mass of separate fecal particle
fractions and the nutrient composition of feces. Scat composition can be used as an indicator of brown bear
nutrient status and to assess the quality of habitats.
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CocTaB nomeTa KaKk MHAMKaTop KavyecTBa pauuoHa Gyporo measeas
Ha ocTpoBe UTypyn

A.E. Ckxonun*, C.B. JlunatHukoBa, A.A. lNMonywwkuH

PE3IOME. IIpencraBieHsl pe3yasTaThl (PPaKIIMOHHOTO M XUMHUYECKOTO aHAIN3a TIOMETa B3POCIIBIX 0CO0eH
Oyporo Mensens Ha octpoBe Utypyn, coOpannbie B JeTHHH nieproj. OCHOBHAs Macca MoMeTa MeIBes
ObLIa MpeCTaBlIcHa KPYITHOPAa3MEPHBIMU (PPAKIIUSIMH KAJOBBIX YACTHII, YTO TOBOPHUT O CJIa00H IIEPBUUHOM
nepepaboTtke 1 HedaPPEKTHBHOM MepeBapHBaHUN NOTPEOIECHHOTO KOpMa. BBIsBIICH BEICOKHI KOG PHUIIUEHT
Bapuanuu (66—152%) BcTpedaeMOCTH OTAEIBHBIX (ppaknmii 4acThIl B pa3HbIX oOpasiax nomera. CpeaHunit
nokasarens dMean KaloBBIX YacTHUIL JUT JETHETO IoMeTa Oyporo MeaBe/st Ha ocTpoBe MTypyn cocTaBui
8.34 mM. MakcumansHble Toka3arenn dMean (4.6-20.9 MM, B cpegaem 10.4 MM) oTMeUeHBI 1t 00pa3IioB
MOMEeTa MEJBEICH, COMEPKAINX BOIOPOCTH, a MUHUMaIbHbINA (1.2—-6.5 MM, B cpeanem 4.3 MMm) — ISt
00pa3loB, BKJIIOYAIOIIUX PEHMMYIIECTBEHHO IUIOJABI M CeMeHa. M3-3a CHIbHOW M3MEHYMBOCTH MacChl
pasHbIX (paknuil KaJOBBIX YaCTHI[ B OObEJAMHEHHBIX BBIOOpKaX 00pa3loB MOMETa HaM HE YIaJloCh
BBISIBUTH 3HAYMMBbIE OTIIMYHS MEXK/Ty TPYIITUPOBKAMH MEBEsI, OOMTAIONIMX HA ITOOEPEKBIX OCTPOBA U BO
BHYTPEHHHX TOPHBIX paiioHax. Cpeny MaKpOHYTPHEHTOB OCHOBHBIM KOMIIOHEHTOM TIOMETa Me/IBe sl Obu1a
chIpas kierdarka (B cpexHem 23.5%, makcumainbHO 10 55.8%). IIpoTenHoBOe OTHOIIEHHWE B 0Opa3max
nometa Bapbupyet 0.12 10 0.94 (B cpennem 0.41). O6pasiipl oMeTa CHIBHO OTIHYAINCh MEXKIY o000t o
cozepkanuto sxupa (10 18 pa3). CocraB momera MenBeiei, MOTPEOISFONIUX CEMCHA PACTCHUN C BBICOKHM
COZIEpXKaHUEM JIMTH/IOB MM PHIOHBIE OTXOJBI, PE3KO KOHTPACTHPYIOT C ITOMETOM, BKIIFOYAIOIINM TOJBKO
BEreTaTHBHbIC YacTH pacTeHHi. He oOHapy)k€HO 3HaYMMBIX CTATHCTHYECKHUX 3aKOHOMEPHOCTEH MEXIY
Maccoi OTAENBHBIX (PAKIHMi KaJIOBBIX YACTUI[ M COCTaBOM HYTPHUEHTOB B oOpasmax momera. Cocras
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OMETa MOKHO HCIIOJIb30BaTh B KAUYCCTBC MHAMKATOPA 00€CIICUEeHHOCTH 6yp0F0 MEABCAS IMUTATCIbHBIMU

BCIICCTBAMU U U1 OICHKH Kadu€CTBa MECTOOOUTAHUM.

KIIFOUEBBIE CJIOBA: Ursus arctos, ananu3 moMeTa, (heKaabHbIC YaCTHIIB, MAKPOHYTPHUECHTHI, OCTPOB

Urypym.

Introduction

The Japanese brown bear (Ursus arctos yesoensis)
inhabits Iturup Island as part of southern Kuril Islands.
Tturup is the northernmost point of distribution of this
subspecies of bear. This predator is currently also dis-
tributed on Kunashir, Hokkaido and nearby smaller
islands (Baryshnikov, 2007; Baryshnikov & Puzach-
enko, 2009; Hirata et al., 2017). The bear is absent on
the central islands of the Kuril ridge. The Kamchatka
subspecies of the brown bear (U. a. piscator) dwells
on the northern Kuril Islands: Paramushir and Shumshu
islands (Yudin, 1993; Kostin & Eremin, 2004; Barysh-
nikov, 2007).

The ecology of Asian populations of brown bear
has been studied quite well, especially on the islands of
Sakhalin (Benkovsky, 1972; Vshivtsev, 1972; Voronov,
1974) and Hokkaido (Inukai & Kadosaki, 1987; Kadosa-
ki & Inukai, 2000; Amano et al., 2006). In particular, the
feeding ecology of the brown bear has been investigated
in detail in Japan, where this predator lives in variety of
landscapes: from the sea coasts and agroecosystems to
forested mountain areas (Aoi, 1985; Sato et al., 2004,
2005; Sato, 2009; Narita ef al., 2011; Matsubayashi et
al., 2014; Kishimoto et al., 2017; Shirane et al., 2021).
According to the type of foraging, the Hokkaido brown
bear is a typical omnivorous mammal with a predomi-
nant consumption of different plant material, including
about 60 species of edible plants (Aoi, 1985; Ohdachi
& Aoi, 1987; Sato, 2009). The features of foraging
activities of the bear on the southern Kuril Islands is
less known. There are few published papers represent-
ing fragmentary descriptive-naturalistic information
about bear feeding (Velizhanin, 1970, 1974; Voronov,
1972,1974; Perovsky, 1988, 1991; Tumanov, 2017).

Various mammologists over a long period of re-
search have established that each group of this preda-
tor on a particular island of the Kuril Archipelago is a
specific population with its own unique ecological and
morphological characteristics (Yudin, 1993; Barysh-
nikov & Puzachenko, 2009). The Kuril ridge is elon-
gated in a meridional direction and each island has a di-
verse flora and fauna, so there are probably inter-island
differences in the composition of the brown bear's diet.
However, there is no real data that clearly confirms this
assumption. There is no data on the dynamics of the
composition of its diet throughout the entire season of
the predator’s activity. The currently available informa-
tion on bear foraging and nutrition on Iturup was ob-
tained only through short-term visual observations of
the trophic activity and as a result of assessing the com-
position of a few samples of scats (Velizhanin, 1970;
Tumanov, 2017).

Scat analysis is one of the main non-invasive meth-
ods for studying the nutrition of brown bear (Bromley,
1965; Pazhetnov & Pazhetnova, 1987; Boltunov, 1993;
Sato et al., 2004; Naves et al., 2006; Kobayashi et al.,
2012; Kishimoto et al., 2017; Shirane et al., 2021).
However, using feces to reveal dietary diversity may
have limitations due to a large number of potential plant
and animal food items on Iturup Island. Ultimately, it
is quite difficult to conduct a detailed analysis of the
composition of the bear’s diet.

Forage material of different origin and structure is
processed and absorbed by the bear’s digestive system
to varying degrees, that is reflected in the size of undi-
gested particles in the feces. Therefore, by analyzing
the composition of scat particles, we can speak about
the digestive efficiency (Hume, 2005). The composition
and consistency of bear scats can vary greatly through-
out the year, also depending on the sex, age, and physi-
ological state of the animal (De Cuyper et al., 2021,
2023). In turn, the diverse range of available forage
sources and the pronounced spatial, temporal and in-
dividual variability of feeding of these carnivores (Bo-
jarska & Selva, 2012) suggest the presence of a wide
nutritional niche. This niche is an ecological adapta-
tion of the brown bear to the settling of diverse habitats
with different food sources (Coogan et al., 2018). High
heterogeneity of dietary nutrient profiles influencing
the feeding behavior allows us to outline the interac-
tions between the structural and chemical composition
of scats and the features of food preferences in a local
area. Therefore, analysis of chemical components of
the scats can determine the current balance of nutrients
of forage vegetation that is important for maintaining
the sustainability of the predator population.

To assess the possibility of the use of feces as an ob-
ject of data collection during non-invasive control over
the predator population, we set the goal to evaluate the
characteristics of the utilization of the food supply and
processing of prey items by analysis of the fractional
composition and nutritional components of bear scats.
These characteristics reflect the variability of the diet,
physiological adaptations to the nutrient niche, and
serve as indicators in assessing the quality of avail-
able forages in different habitats that shows ecological
specificity of different populations and certain groups
of this predator within its range.

Materials and methods

Iturup is the largest island of the group of southern
Kuril Islands (over 200 km long). It has a rather com-
plex hilly-mountainous terrain formed by volcanic ac-
tivity. The main landscape is made up of steep slopes of
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lava flows and landscapes of volcanic plateaus covered
with a variety of vegetation. The main types of vegeta-
tion are communities of stone birch (Betula ermanii)
with alder (Duschekia fruticosa) and bamboo (Sasa
kurilensis, less often S. makinoi, S. shikotanensis) at al-
titudes up to 750 m, and at higher altitudes — the Sibe-
rian dwarf pine (Pinus pumila) with alder (Duschekia
maximowiczii) and shrubby willows (Salix hidakamon-
tana, S. hidewoi, S. nakamurana) (Ganzey, 2010). After
massive logging and fires, bamboo (Sasa sp.) became
widespread on the island, which can reach a height of
over 2 m and form pure thickets over large areas that
prevents reforestation. Other plant communities in-
clude areas with fir (4bies mayriana) in the Kuibyshev
Bay area, oak forests (Quercus crispula) in the valley of
the Kurilka River, and various plant associations with
maple (Acer mayrii, A. ukurunduense, A. tschonoskii)
in the Goryachiye Klyuchi area in the central part of the
island (Urusov & Chipizubova, 2000). The Iturup has a
developed network of lakes, rivers, and streams. In the
floodplains, tree-like willows and tall grass vegetation
are common. Wild rose thickets occupy a significant
area in the coastal zone. There are 872 species of vas-
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cular plants growing on Iturup (Barkalov, 2009), many
of which act as potential food items for herbivorous and
omnivorous animals.

Fresh fecal samples from brown bear were collected
along linear survey routes with a total length of 80 km.
A total of 39 scats were sampled from August 15 to
September 9, 2022, in the central and northern parts of
Iturup Island: (1) Kur. The outskirts of the Kurilsk city
in the floodplain of the Kurilka river in 2 km from the
coast (n =4, 15 Aug.). The biotope is tree-like willow
thickets (Salix udensis, S. taraikensis, S. caprea) with
birch (Betula platyphylla) and alder (Alnus hirsuta).
The tree canopy is dominated by Petasites japonicus;
(2) GK. The area around the Goryachie Klyuchi village
in the floodplain of the Blagodatnaya river in 4-5 km
from the coast (n = 6, 16 Aug.). The main habitat is
pure thickets of bamboo (Sasa sp.) with patches of oth-
er plant communities, where willows (Salix sp.), alder
(Duschekia sp.) and larch (Larix kamtschatica) domi-
nate among trees; (3) Tor. The area of coast of Tornaya
(N 45.3222° E 148.4°) and Parusnaya bays (n =8, 18 Aug.
and 3 Sept.) of the Sea of Okhotsk. In Parusnaya Bay,
forbs are common, often with Leymus mollis that domi-

Fig. 1. Brown bear scat sampling locations on Iturup Island.
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nate on the coastal sand dunes. The plant communities
with areas covered wild rose (Rosa rugosa) meet often
in the shore of Tornaya Bay; (4) BS. The Belye Skaly
territory (n = 12, 18 Aug. and 1-3 Sept.). These are
sandy and rocky areas along the Sea of Okhotsk coast
covered by forb-grass communities; (5) Kb. Coast
of the Okhotsk Sea near Kuibyshevsky Bay (n = 2,
29 Aug. and 4 Sept.). Larch forests with patches of
meadow herbs and clumps of bamboo are distributed
here. There is a waste dump from a fish processing
plant; (6) Kos. The Pacific coast around Kasatka Bay
(n =15, 17 Aug.). The vegetation is represented by ex-
tensive forb communities. Beaching of marine animals
and algae are common here; (7) Bar. The upper zone
of the Baransky volcano in 5 km from the Pacific coast
(n=2,23 Aug. and 9 Sept.) at an altitude of about 900
m. The alpine-type vegetation is dominated. There are
vast areas of thickets of pure bamboo, dwarf alder and
pine (Fig. 1).

The collected scats were attributed to scores 3 and
4 according to the existing classification (De Cuyper
et al., 2021). In the field, the surface of the scat pieces
was treated with 50% ethyl alcohol, and subsequently
the samples were frozen at —20°C until they were ana-
lyzed. For the fractional analysis, the fecal samples (n
= 30) were thawed and soaked in water for 48 hours in
the laboratory. The soaked samples were sifted through
sieves (10,7, 5,3,2,1,0.5,0.25, 0.1, 0.05, 0.025 mm),
separated into fractions and food items were identified.
The material from each sieve and the sediment contain-
ing fractions smaller than 0.025 mm were evaporated
and dried to an absolutely dry state. The dMean value
was calculated for each scat sample (Fritz ef al., 2012).
The maximum length of fecal particles varies widely
(from 5 to 120 mm). Therefore, the maximum length
of plant fragments found in this particular sample was
used as an upper limit in calculating the dMean. The
fractional profiles of the scats were constructed using
arithmetic means and medians.

The composition of macronutrients in bear scats
(BS:n=3,Kos: n=4,Kur:n=1,GK: n=6,Kb: n=2,
Tor: n = 8) and plant parts most often found in these
scats (n = 4: brown algae (Fucus and Laminaria), seeds
of Rosa rugosa, shells of dwarf pine (Pinus pumila),
berries of Sorbus sambucifolia)) were analyzed. The
content of crude protein by the Kjeldahl method, crude
fiber (celluloset+hemicellulose) by the Henneberg—
Stohmann method and fat by the von Soxhlet method
were determined in the scats in accordance with the
state standards of the Russian Federation (Dulepin-
skikh et al., 2022). The results of the chemical analy-
sis were expressed as percentages based on dry matter
(DM). The protein ratio was calculated for each sam-
ple: protein/fat + crude fiber. Graphical representation
of the outcomes is made using right-handed triangles
(Raubenheimer, 2011; Coogan et al., 2014; Coogan
& Raubenheimer, 2016; Machovsky-Capuska et al.,
2016). The total composition of fat, protein and fiber is
taken as 100%. Mathematical processing of the results
was carried out using the Statistica 64 program.

Results

While comparing different samples the fractional
analysis of bear scats revealed a strong variation in the
mass of each size fraction. Often, the DM mass was
similar between separate adjacent fractions. However,
fecal particles were more often concentrated only on
sieves of a certain size. Occasionally, these particles did
not sediment on some size sieves, i.e., a few fractions
were absent in some analyzed samples. According to
average values, the minimum mass was noted for frac-
tions of 0.05 and 0.025 mm (Fig. 2, Table 1), which in-
dicates a low ability of the bear to digest the consumed
food that does not promote the formation of small fe-
cal particles. Therefore, when assessing the intensity
of food processing by this predator, the main attention
should be paid to the scat fractions consisting of large
food fragments, which are most effectively destroyed
during chewing. The large fractions make up half or
more of the DM mass of bear scats (Fig. 2). However,
the difference between separate scat samples is quite
large. The coefficient of variation (CV) of DM in dif-
ferent fractions in the scat profile ranged from 66.4 to
152.0% (Table 1). At the same time, the fluctuation of
the values of these coefficients has no clear connection
with the trend of decrease or increase in fecal particle
size along the profile. The minimum values of the CV
of particle mass were found for the following fractions:
5, 3, 2 mm and sediment (Table 1).

When comparing the fractions in pairs, no statisti-
cally significant differences in DM mass (dependent
samples according to the #-test) were found between
sieves of 7 vs. 5 mm, 1 vs. 0.5 mm, 0.25 vs. 0.1 mm,
0.05 vs. 0.025 mm (Table 2). Between the remaining
adjacent sieves, the differences in DM mass of the frac-
tions were significant (Table 2). Thus, in further studies
of bear scats, sieves of sizes 7, 1, 0.25, 0.05 mm can be
omitted from the line of different-sized sieves and not
used in the fractional analysis.

There are differences in the proportion of certain
particle fractions from different territories when con-
structing the fractional profiles of feces based on aver-
age data (Fig. 2). In terms of the mass of large fractions
in the profile, the variability between different collected
samples is higher than in terms of the mass of small
fractions. This is evident at comparing the arithmetic
mean and median DM mass of the fractions (Fig. 2).
The fractional profile of the pooled scat samples based
on the median demonstrates a lower occurrence of the
proportion of the largest particles (compared to the
arithmetic mean) and a more frequent representation of
particle fractions of 2-3 mm (Fig. 2). However, basi-
cally, the constructed profiles based on the data of the
arithmetic mean and median are close, especially when
comparing groups of small-sized particle fractions.
Similar proportion of the DM mass of small-sized par-
ticles of the scat fractional profile in different samples
is the result of the functioning stability of the digestive
system (the rate of passage of food through the gastro-
intestinal tract and the time of enzymatic processing of
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Table 1. The proportion of fecal fractions (%) of the brown bear scats from coastal and inland regions of Iturup Island (differ-
ences between territorial groups of samples are not significant)

Statistical Size of sieves
indicator 10 mm 7 mm 5 mm 3 mm 2 mm 1 mm 0.5 mm
Coastal M=£m 11.4843.02 | 9.38+1.95 | 9.25+1.46 | 20.23+£3.03 | 9.04+1.70 | 5.32£1.19 | 5.23+0.84
ecosystems
(n=18) Min-Max 0-36.02 0-31.00 0.58-20.94 | 8.02-50.6 | 1.31-30.86 | 1.18-23.09 | 0.74-12.92
Interior M=+m 27.514£9.23 | 10.69+2.66 | 10.29+£2.02 | 17.72+3.95 | 8.31+1.84 | 3.76+1.21 | 4.57+1.83
mountain
60(053’5{31;15 Min-Max 0-89.9 0-26.7 2.13-25.67 | 0.83-37.43 0-16.63 0-15.6 0-22.81
n=
The pooled M=m 17.89+4.28 | 9.90+1.56 | 9.67+1.17 | 19.23+2.38 | 8.75t1.24 | 4.70+0.86 | 4.97+0.87
sample Std.Dev. 23.42 8.53 6.42 13.02 6.78 4.72 4.77
(n=30)  ["Coef. Var. | 130.87 86.09 66.39 67.75 77.57 100.53 96.10
Statistical Size of sieves dMean,
indicator 0.25 mm 0.1 mm 0.05 mm 0.025 mm | Sediment mm
Coastal M=£m 12.02+2.91 | 8.91+2.36 | 0.42+0.11 | 0.51+0.15 | 8.20£1.23 | 6.55+1,31
ecosystems
(n=18) Min-Max | 0.58-39.66 | 0.37-29.6 0-1.33 0-2.00 2.23-20.15 | 1.21-18.51
Interior M=£m 4.19+1.74 | 490+1.63 | 0.71+0.33 | 0.80+£0.27 | 6.56+1.80 | 11.01+2.74
mountain
ec(osys{;r)ns Min—-Max 0-21.99 0-17.02 0-4.25 0-2.84 0.25-19.15 | 1.11-26.61
n=
The pooled M=£m 8.89+1.99 | 7.30+1.58 | 0.53+£0.15 | 0.63+0.14 | 7.54+1.02 | 8.34+1.38
sample Std.Dev. 10.88 8.67 0.81 0.77 5.60 7.57
(n=30)  ["Coef. Var. | 122.42 118.68 152.2 121.84 7427 90.84
100
80
® 60
40
20
., In — = .
Coastal ecosystems {Mean) Inland mountain ecosystems (Mean) All Ecosystems of turup (Mean) Al Ecosystems of iturup {Median)

m|ess than 0025 mm ®WMO0,025mm ®m005Smm =01mm MO25mm ®MO0Smm ®Mimm ®M2mm M3mm ES5mm m7mm mover 10mm

Fig. 2. Fractional profile of bear scats in coastal and inland regions of Iturup Island.



A.E. Scopin et al. 123

Table 2. The reliability of differences by #-test for dependent samples between different particle fractions of the Iturup bear
scats (* marked differences are significant at p <0.05).

10mm| 7mmvs| Smmvs| 3mmvs| 2mmvs| Immvs|05mmvs| 025mm| 0.1 mm| 0.05mm 0.025
vs 7 Smm| 3mm*| 2mm*| 1mm* 0.5mm | 0.25 mm* vs 0.1 vs0.05| vs0.025 mm vs
mm* mm mm* mm | Sediment*

2.088762 | 0.161277 | -4.26808 | 4.795890 | 4.073917 | —0.338459 | -2.13987| 0.689392 | 4.480891 | -1.13183| -7.13421

~

df 29 29 29 29 29 29 29 29 29 29 29

p| 0.045617| 0.872994 | 0.000192 | 0.000045 | 0.000327 | 0.737456 | 0.040908 | 0.496056 | 0.000107 | 0.266980 |  0.000000

Confidence | 0.166502 [ —2.76851 | —14.1381 | 6.010946 | 2.016611 | —1.91094 | —7.66990 | -3.11659 | 3.680306 | —0.270409 | —8.89739

Conﬁ;gj(:;eo 15.81150 | 3.242509 | —4.97789 | 14.94972 | 6.082722 1.368271 | —0.173438 | 6.285924 | 9.861027 | 0.077743 -4.93261
+95%

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

I I I B

Average for all samples Pine nuts Fruits and seeds Algae

W less than 0.025 mm W 0.025 mm m0.05 mm 001 mm mMO25 mm MOSmm M1mm M2 mm B3 mm M5 mm 87 mm mover 10mm

Fig. 3. Fractional profile of different bear scats from Iturup Island, constructed on the basis of average data in each group of
samples with predominance of certain plant items.
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Table 3. Regression equations of the dMean value and the proportion of a certain fraction of particles in brown bear scats
(* data are significant at p<0.05).

Dry mass of fecal Regression equation Coefficient of determination

particle fraction on

sieve (x)

10 mm dMean = 3.2622+0.2836*x R?>=0.769*

7 mm dMean = 2.4901+0.5903*x R?=0.442*

5 mm dMean = 5.8372+0.2585%*x R?>=0.048

3 mm dMean = 13.5523-0.2713*x R>=0.218*

2 mm dMean = 14.9808-0.7598*x R?>=0.463*

1 mm dMean = 12.5888-0.9056*x R>=0.319*

0.5 mm dMean = 12.2163-0.7811*x R?=0.242*

0.25 mm dMean = 10.5536-0.2494*x R?=10.128

0.1 mm dMean = 11.4743-0.4296*x R>=0.241*

0.05 mm dMean = 9.7919-2.7289*x R?>=10.086

0.025 mm dMean = 10.6327-3.6467*x R?>=0.136*

sediment dMean = 14.1875-0.7755*x R?*=0.329*
Table 4. dMean values (mm) of brown bear scats in different areas of Iturup Island.

Location n dMean+SE Min—-Max Std.Deyv. Coef. Var.
Kur 4 13.46+5.26 4.89-26.61 10.52 78.18
GK 6 8.02+3.48 1.11-20.88 8.51 106.19
Tor 5 7.1942.42 1.22-13.44 5.41 75.29
BS 6 7.40+2.38 2.32-17.76 5.82 78.74
Kb 2 2.24+1.03 1.21-3.28 1.46 64.96
Kos 5 6.63+3.13 1.35-18.51 7.00 105.54
Bar 2 15.07£9.65 5.43-24.73 13.65 90.50
Average 18 6.55+1.31 1.21-18.51 5.76 85.10
for coastal

ecosystems

Average 12 11.01£2.74 1.11-26.61 9.50 86.26
for inland

mountain

ecosystems

Average for all 30 8.34+1.38 1.11-26.61 7.57 90.84
samples
Table 5. dMean values (mm) of the brown bear scats with various food components.

The main component of feces n dMean+SE Min—Max Std.Dev. Coef. Var.

Pine nuts 1 1.35 - - -
Fruits and seeds 6 4.28+0.77 1.21-6.49 1.85 43.25
Algae 5 10.40+3.46 4.61-20.88 7.75 74.53
Mixed composition of plant items* 18 9.50£1.99 1.11-26.61 8.45 88.88
Table 6. Protein. crude fiber and fat of the Iturup bear scats (% of DM; n = 24).

Nutritional Mean+SE Median Min—-Max Std.Dev. Coef. Var.
components

Protein 9.63+0.86 8.35 4.3-18.8 4.29 44.53
Crude fiber 23.45+2.23 22.87 7.58-55.8 10.94 46.67
Fat 3.98+1.01 2.49 1.43-26.02 4.95 124.41
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digesta), adapted to the destruction of food fragments
at approximately the same level in different individuals
of this predator.

The fractional profile of fecal particles is primarily
determined by the composition of the diet. If there are
a large number of pine nut shells in scats, the main part
of the profile is made up of particles from 0.25 mm and
1 mm sieves. If berry and seed remains predominate in
the scats, the main part of the scat profile is made up of
particles from 3 mm sieves; and if algae are the basis
in the scats, then a significant proportion of the profile
is represented by particles larger than 10 mm and the
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maximum proportion of DM of the smallest fractions.
On average, in the pooled samples of the bear scats on
Iturup, fecal particles from 3 and 10 mm sieves prevail
(Fig. 3).

The results of the calculations of dMean values
between scat samples collected in coastal and inland
areas of the island demonstrate differences due to un-
even occurrence of fecal particle fractions of a certain
size (Table 1). The scats from mountainous areas inside
the island contained, on average, more large fractions
(especially over 10 mm), and the dMean was corre-
spondingly higher. In feces from coastal ecosystems,
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particle fractions from 0.25 to 3 mm predominated.
However, the differences of dMean found between the
pooled samples from coastal and mountainous areas are
insignificant due to the strong variability of the com-
position in these samples. The proportion of DM of
each fraction between the samples can vary 2-3 times.
Therefore, to obtain statistically significant differences
between habitats where bears concentrate for foraging,
samples of fresh feces are required from » = 100 or
more, which is technically difficult to implement, since
bears do not use latrines, and the distribution of scats
within habitats is often random.

The size of large particles in the scat primarily de-
termines the dMean value. When analyzing the pooled
samples, a positive correlation was noted between
dMean and fecal particles from 10, 7, and 5 mm sieves,
and a negative correlation was found with the particles
of smaller size (Table 3). However, the dMean shows
a wide range of data, but the range of extreme values
is similar for different territorial sites and is most like-
ly determined by the biological characteristics of the
predator with its inherent type of digestion (Table 4).
For the pooled samples, the average dMean for sum-
mer bear scats on Iturup was 8.34 mm. The CV of the
dMean is within 65-105% (Table 4). The CV of the
dMean in different samples is lower than the CV of the
DM mass of separate particle fractions.

The fecal samples we collected had a complex
mixed composition, predominantly of plant origin, and
only a few samples consisted mainly of algae, berries,
and seeds (Fig. 3, Table 5). The average dMean value
was highest for scats consisting of algae, and lowest
for ones consisting of fruits and seeds (Table 5). The
CV of the dMean value was lower in samples consist-
ing of fruits and seeds, which is associated with a more
uniform small-sized fraction of these food items. This
is also confirmed by the analysis of the composition of
separate fractions (Fig. 3). The different level of de-
struction of certain ingested food and unevenness in the
rate of passage of particles through the gastrointestinal
tract are observed that is manifested in the formation of
a specific fecal fractional profile.

As a result of zootechnical analysis, it was estab-
lished that the contents of fresh scats contain a suf-
ficiently large amount of nutrients (Table 6). This is
largely due to the fact that high-calorie food quickly
passes through the gut: it is ineffectively chewed and
does not have enough time to be fully digested and ab-
sorbed. Nevertheless, the average share of protein, fat
and fiber in feces is usually lower than in some groups
of feed preferred by bears. In particular, the protein and
fat content in rowan berries is 10.4% and 6.6%, respec-
tively, and in rose seeds — 13.6% and 8.4%, respec-
tively, which is significantly higher than the average
content of these macronutrients in the scats with these
plant items.

We have found out that the largest mass fraction of
DM is crude fiber, and fat is represented by a minimal
fraction for most of the samples. However, the differ-
ences in the concentration of these nutrients between
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samples can be very significant, that is determined by
the pronounced individual preferences of the predator
and the changing current daily diet. Therefore, the dif-
ference between the minimum and maximum values in
the different samples for protein content was 4.0 times,
for crude fiber — 8.5 times, and for fat — 18.5 times.
This is also confirmed by the high level of the CV pre-
sented for all these components (Table 6). The protein
ratio in the pooled sample group varies very widely —
from 0.12 to 0.94 (on average 0.41+0.05) with the CV
of 54.4%. The protein content correlates only with the
fat content (R? = 0.324, at p < 0.05).

The distribution of the scat samples in the space
of nutrients within the right-hand triangle allows us to
demonstrate some patterns. The overwhelming major-
ity of the analyzed samples are concentrated in the area
of high crude fiber concentration (Fig. 4). The maxi-
mum fiber content is presented in the samples of al-
gae (37% of DM) and dwarf pine shells (64% of DM),
and, consequently, in the scat samples containing these
components. The concentration of crude fiber in rowan
berries is 24% of DM. Therefore, bear feces contain-
ing berries and seeds have less fiber. In contrast, feces
including of Lysichiton camtschatcense seeds have a
higher fat concentration, which significantly distin-
guishes the scat with these seeds from the other samples
and brings them closer to the scat containing fish waste
(Fig. 4). Thus, using the right-hand triangle, it is pos-
sible to divide the fecal samples into groups according
to the presence of nutrients in them: samples containing
mainly plant components and samples containing the
animal remains.

Bear scats contain unequable concentrations of
protein, fat and crude fiber in different territories. We
were unable to identify reliable statistical differences
between fecal samples from the surveyed landscapes.
In the spatial field of the triangle, different samples
diverge (Fig. 4), that ultimately allows us to charac-
terize the food quality of bear habitats by the analysis
of nutrients in the scats. For example, feces from the
Tornaya bay and Kurilka river locations do not contain
high concentrations of fiber. Here the bears consume
a significant amount of protein food of animal and/or
marine origin. On the contrary, in the ecosystems of
the Goryachiy Klyuchi mountain range, the presence
of bear feces with a high crude fiber content indicates
the prevalence of poorly digestible plant foods in the
diet. The samples from Kosatka bay are distributed
over different areas of the right-hand triangle (Fig. 4),
that indirectly demonstrates a high diversity of forages
in this area and, as a result, the widest range of trophic
preferences is realized with a free choice by a bear of
casily accessible food. A similar picture is observed
when analyzing the protein ratio. In some territories,
low protein ratio values were noted (Kuibyshev bay —
0.25 (on average), Goryachiye Klyuchi — 0.30, Belye
Skaly — 0.33). It specifies that the bear predominantly
uses plant food with a low protein content. Within other
landscapes, there is a higher protein ratio value (Tor-
naya bay — 0.48, Kosatka — 0.55, Kurilsk — 0.49),
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which confirms the exploitation of high-protein food in
these coastal habitats by this predator.

We have not found a statistical relationship between
the concentration of macronutrients and the dMean val-
ue (as well as DM mass of separate fractions) in the
scats. Only a weak, non-significant relationship (a kind
of trend) has been discovered between the dMean value
and the fat content: the higher the dMean, the less fat
in the sample. It is possible that smaller fecal fractions
contain more fat components than undigested large
particles. The multi-component composition of various
feeds consumed by bears, containing different propor-
tions of fat, as well as different digestibility and assimi-
lation of certain ingredients, make it difficult to find a
clear statistical relationship between the macronutrient
composition and the fractional scat profile.

Discussion

The density of bears in the surveyed area was 1.29—
1.38 individuals/1000 ha. This high density of preda-
tors is indirectly indicated by their increased moving
and feeding activities. A large number of tangled bear
paths in various plant communities creates great dif-
ficulties in collecting the feces and its assessment if
they belong to specific individuals. However, it can be
assumed that the collected scats belong to adult bears,
since 90% of all encountered predator tracks in the sur-
vey locations had a forepaw width from 12 to 16 cm
(Polushkin & Scopin, 2025).

The Japanese subspecies of brown bear can be con-
sidered as one of the most herbivorous compared to the
populations from the continental part of Eurasia. On
Iturup, plant foods make up to 95% of the diet of this
predator in the summer: from edible plants such as A//i-
um ochotense, dwarf pine nuts, various berries (rowan,
rose, etc.) to various types of forbs and even hard roots
of bamboo Sasa sp., which dominates the vegetation
(Velizhanin, 1970). However, the obvious trophic pref-
erence of the brown bear is mainly observed for berries
and nuts, as the most attractive objects containing more
nutrients (Boltunov, 1993). A similar diet of the brown
bear was noted on the neighboring island of Kunashir
(Perovsky, 1991).

In contrast to the standard analysis of the composi-
tion of food items in feces, there are few studies on the
determination of the physical structure and chemical
composition of scats, the assessment of macronutrient
energy and the application of the nutritional geometry
method for wild carnivorous mammals (e.g. Steyaert et
al., 2012; Elfstrom et al., 2014; Remonti et al., 2016;
Gazzola & Balestrieri, 2020; Abd El-Wahab et al.,
2022; De Cuyper et al., 2023; Balestrieri et al., 2024).
Although using the physicochemical characteristics of
feces we can indirectly assess the nutrient status of diet
of a particular animal and estimate the quality of its
habitats.

The chemical composition of the food components
certainly determines the high nutritional value of feces.
The bear dental system is not perfect for chewing and
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grinding feed. Coupled with this is the fast passage
of food through the gastrointestinal tract: 3—8 hours
(Tsunamoto et al., 2024), and in exceptional cases —
up to 48 hours (Pazhetnov & Pazhetnova, 1987). As
a result, many food components are excreted intact
and the digestibility of various nutrients is reduced
(Pritchard & Robbins, 1990). At the same time, denser
and harder digesta particles can remain in the gut of
the bear longer (Pazhetnov & Pazhetnova, 1987). The
time for food to pass through the bear gastrointestinal
tract increases at feeding on animal carcasses and, on
the contrary, the gut retention time is lower and excre-
tion accelerates at digestion of berries (Elfstrom et al.,
2013), since the digestibility of meat is higher than that
of berries (Pritchard & Robbins, 1990). The increase
of fiber in the diet enhances the rate of food passage
through the gut (Elfstrom et al., 2013). For this reason,
most seeds are not digested and are successfully ex-
creted intact with feces, and subsequently these seeds
easily germinate. Thus, undamaged seeds retain their
nutritional value and caloric content while present in
feces. As a result, the Japanese brown bear acts as a key
endozoochorous animal — seed disperser (Tsunamoto
etal., 2024).

The fractional scat profile is determined by the food
particle size as a result of the oral processing and diges-
tion of forages. The physical and chemical properties of
the food objects have a significant impact on the degree
of their processing and transformation by the digestive
system. Strong individual variability in the qualitative
composition of the bear scats makes it difficult to ob-
tain reliable differences between samples collected in
the coastal and inland areas of Iturup Island.

The reasons for the variation of the dMean value
and the DM mass of certain fractions are the feeding of
bears on a variety of foods over short periods of time,
as well as the wide movements of these predators from
the coasts into the interior of the island and back. That
obscures the influence of the forage quality from small
mosaic-like habitats on the characteristics and compo-
sition of the feces. Even in the inner parts of Iturup,
bear scats contain remains of marine animals and al-
gae, which indicates the active movement of predators
across the island over a significant distance. Individual
home ranges of brown bears often overlap, that is es-
pecially typical for island populations (McLoughlin
et al., 2000). On Sakhalin Island, brown bears make
the longest migrations in the summer, and the greatest
overlap of their individual home ranges was observed
in August during the period of active consumption of
plants (Seryodkin ef al., 2017). The annual home range
of the brown bear in Hokkaido is usually within 28-43
km? (Mano, 1994; Sato et al., 2008). It is many times
larger than the area of certain foraging biotopes. High
density of brown bears forces them to move longer dis-
tances to reduce intraspecific competition for available
food resources.

The strong scatter of the dMean value specifies a
pronounced omnivory and directed trophic selectivity
of the bear. A certain individual can show strong vari-
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ability in the choice of a particular food, even within
the daily diet. The lower trophic selectivity and select-
ed food objects are relatively uniform in structure, the
dMean will be a more stable value with a much smaller
CV in the pooled samples.

The consistency of feces depends on the homoge-
neity of the particle composition and those in turn on
the forage features. Large consumption of grasses or
animals with bones and feathers leads to the formation
of harder and denser feces in bears (De Cuyper et al.,
2021). Our fecal samples had scores of 3—4 (accord-
ing to the scale of De Cuyper ef al., 2021), that indi-
cates a heterogeneous diet composition. High content
of large food fragments containing cellulose improves
feces quality (Wichert ef al., 2002). Bear feces become
liquid at abundant feeding on salmonids (De Cuyper et
al., 2021), which we have not observed in any of the
samples found. We were able to find a few fragments
from fish skeleton only in some scats. A similar fact is
described for Sakhalin Island, where in the summer be-
fore the mass entry and spawning of salmonids into the
rivers, fish remains were found in no more than 15% of
bear scats (Benkovsky, 1972). Only in the tundra zone
of Chukotka (at the northern limit of the brown bear's
distribution, where the biomass of potential plant food
is strictly limited) in the summer bear scats can contain
up to 50-60% of animal items (Chernyavsky & Krech-
mar, 1993).

On average, the concentration of fiber in the feces
of wild Scandinavian bears is about 25% of DM, but, in
some individuals, it can reach 50% of DM in the spring
(De Cuyper et al., 2021), that is probably due to the
consumption of a large share of grasses and the lack
of alternative feed. In the Iturup bears, the average fi-
ber content was similar and amounted to an average of
23.5% of DM, although in some areas (Kb, GK) this
value was higher. Probably, a fairly stable level of fi-
ber consumption in the diet is a species-specific trophic
feature of this predator. DM digestibility efficiency de-
creases with an increase in the concentration of fiber in
the diet (Pritchard & Robbins, 1990).

On Iturup, we noted algae in large quantities in the
bear scats, that predetermines the presence of increased
concentrations of fiber in these samples. The consump-
tion of algae by the bears is associated with the high
density of their population, that is the consequence of
the deficit of common easily accessible food. In the
summer, the frequency of occurrence of bear footprints
in different natural ecosystems of Iturup varies from
0.5 to 3.0 fresh tracks per 1 km (our data), while in
Kamchatka — from 0.5 to 3.7 tracks per 10 km of the
linear route (Krivenko et al., 2019). Due to the sparse
density in other populations of the Pacific region, con-
sumption of algae by a brown bear was recorded much
less frequently. For example, in Kamchatka and Sakha-
lin, algae consumption was noted only in the spring not
annually, after the bears emerged from their dens, when
there was an acute shortage of alternative feed (Kostin
& Eremin, 2004; Gordienko et al., 2006). For the Hok-
kaido bears, algae consumption was not indicated at all
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due to the fact that the Japanese islands have a fairly
high abundance of other, more nutritious forages, in-
cluding agricultural crops such as corn and sugar beets
(Sato et al., 2004, 2005; Narita et al., 2011; Hata et al.,
2017; Sakiyama et al., 2021).

The Far Eastern brown bear has been observed to
actively consume food of animal origin only during
short periods of time: gathering of different food items
on the coast after leaving dens, foraging during the au-
tumn migrations of salmonids, as well as a local trophic
connection between this predator and anthropogenic
food waste, including from the processing of raw mate-
rials in the fishing industry (Yudin, 1993).

In most of species range, the brown bear easily
switches to consuming animal food when available. In
mainland populations of this predator, ungulates repre-
sent important food resources that can be available as
a source of protein throughout the year (Yudin, 1993).
In Hokkaido, brown bears significantly increase a prey
share in their diet with an increase of density of sika
deer (Cervus nippon) (Kobayashi et al., 2012). These
island bears also eat a large number of various insects
(Kadosaki & Inukai, 2000; Kishimoto et al., 2017,
Shirane et al., 2021; Tomita & Hiura, 2021). We have
not found insect fragments in the collected scats. Most
likely, the consumption of insects by bears largely de-
pends on the characteristics of the habitat, season, and
weather conditions of the current year. In Hokkaido, for
example, it was shown that brown bears actively ate
cicadas in larch communities, since it was difficult for
bears to get food among densely growing bamboo and
there were significantly fewer insects there (Tomita &
Hiura, 2021). On the contrary, on Iturup, dwarf bamboo
thickets are the main type of vegetation, so these habi-
tats are poor feeding sites for the carnivore and it has to
stick to and concentrate in azonal landscape complexes
— along rivers and coasts, where there is a greater di-
versity of tall-grass forage vegetation.

Possibly, due to the lack of alternative prey, bears
on Iturup consume more salmon fish compared to the
Hokkaido population that was established by the stable
isotope analysis of bone tissue (Matsubayashi et al.,
2016a, b). In general, brown bears eat animals in cer-
tain intervals of their annual activity when it is neces-
sary to restore body mass lost during winter starvation
(Barboza et al., 2009). Although some individuals of
bears on the southern Kuril Islands, possibly due to
food shortage and insufficient fat accumulation, may
not hibernate at all (Perovsky, 1988; Klitin, 1998).

The protein content is one of the key indicators in
the bear's diet. The optimal proportion of protein is
about 17% of DM, and the predator can regulate its
intake in the process of free foraging by consuming a
variety of diets in a short period of time (Erlenbach et
al., 2014). That is, the protein content in the feces will
indicate the availability of protein food for different
individuals of bears at certain periods of their annual
activity. However, it should be kept in mind that the
increased content of proteins in the bear feces is associ-
ated not only with its abundant presence in the forage
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ingredients, which do not have time to be fully digested
and assimilated. This is also due to the targeted excre-
tion of nitrogen from the body when its required level
of needs is exceeded, that is, the main share of nitrogen
in the feces is metabolic fecal nitrogen (Barboza et al.,
2009). In addition, the increased proportion of plant
foods with a high content of tannins and other protein-
precipitating compounds that form joint irreversible
complexes in the intestine can contribute to an increase
in the concentration of nitrogen in the feces under cer-
tain conditions (Mould & Robbins, 1981; Hobbs, 1987;
Verheyden et al., 2011).

Indirectly, the body's demand for feed protein is
judged by the protein ratio. It has been found that from
spring to autumn, the protein ratio value in the bear fe-
ces decreases. That indicates a gradual dominance of
diets with less protein consisting mostly of plant-based
feeds by autumn (De Cuyper et al., 2023). In our in-
vestigation, a simpler protein ratio (the ratio of protein
to fats and fiber) is used, which averages 0.38 for the
pooled sample, while for the Scandinavian bear, this ra-
tio is based on the data from the publication (De Cuyper
etal.,2023) averaged 0.82 for spring, 1.09 for summer,
and 0.48 for autumn. Thus, outside the period of active
salmon consumption the level of protein intake by the
bear on Iturup was significantly lower than that of the
European brown bear. The CV of this indicator in our
study was 54.1%, while for the Scandinavian bear, the
CV of the protein ratio varied greatly — from 28 to
80% depending on the season (De Cuyper et al., 2023).

The concentration of fecal fat is a measure closely
related to the components of the food consumed. The
proportion of fat in feces increases with enlarging a
share of animal prey and plant seeds in diet. The fat in
scat can be partially lost due to oxidation (especially
unsaturated lipids) and the formation of calcium or
magnesium soaps, but for carnivores this is less typi-
cal, unlike the droppings of ungulates (Robbins, 1983).

We have not found a significant relationship between
the fractional profile and the composition of macronutri-
ents in the bear feces, so the weak fragmentation of the
feed is likely not to affect the digestibility and assimila-
tion of components of the food digesta due to ineffec-
tive digestive processing and a rapid rate of its passage
through the gut. This is confirmed by the experiments
on dogs, in which no dependence of the digestibility of
proteins and fats on the size of food particles was found
(Abd El-Wahab et al., 2022). Nevertheless, the digest-
ibility of macronutrients may depend on the specific
types of feed, since with a reduce in the plant (especially
starch-containing) food particles, the gelatinization pro-
cess is intensified, that can ultimately lead to an increase
in nutrient digestibility in carnivorous mammals. It has
been established that in dogs consuming a rice diet, the
particle size of the feed does not affect the digestibility
of dry matter, fat and protein, but the efficiency of digest-
ibility of corn and sorghum grains depends on the size of
the ingested particles (Bazolli ef al., 2015).

We have found a high degree of variability of the
macronutrient concentration in the analyzed scats. The
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predominance of fiber, proteins or fats in food items is
immediately reflected in the chemical composition of
feces. It can be assumed that the Japanese subspecies
of the brown bear has a high selectivity in their diet,
which, as was previously established, may depend on
the sex, age of the animals, the ability to effectively
hunt a specific prey, and social relationships within the
territorial group of this predator (Jimbo et al., 2020).
Therefore, heterogeneity in scat quality will be found
in different individuals within a population.

The qualitative and quantitative composition of di-
ets of the island brown bear may directly depend on the
landscape type, microhabitat and available forage in it
(Ohdachi & Aoi, 1987; Jimbo et al., 2020). Thus, the
composition of feces can be used for forage diagnostics
of the habitats. Based on the distribution of chemically
diverse scats, we have identified the territorial confine-
ment of the collected samples: feces containing more
protein are more common in the coastal zone, and ones
with more fiber are in the interior of the island. Hetero-
geneity in the distribution of potential food resources
(especially berries and fish) is reflected in the concen-
tration of bears in certain landscapes. However, the nat-
urally high abundance of this predator on the island and
increased intraspecific competition for food resources
in small optimal habitats force bears to move very
widely, which smooths out the degree of aggregation
of the feces distribution with certain nutrient composi-
tion. For this reason, we were unable to obtain signifi-
cant statistical differences between the bear scat groups
collected on the coasts and inland of Iturup Island. In
Hokkaido, it was also found that the presence of feces
containing pine nut fragments in different island loca-
tions in late summer confirms the fact of active brown
bear movement between the coasts and interior subal-
pine ecosystems (Shirane ef al., 2021).

Conclusion

The brown bear population on Iturup was formed
using a variety of plant foods. There are no populations
of wild ungulates or native small mammals on this is-
land. Invasive rodents inhabit impassable bush thickets
and are poorly available as food for the bear. Given the
current high density of bears on Iturup at insufficient
supply of available forages, the brown bear is forced
to eat an unusual food, in particular algae. The main
natural source of animal food for the brown bear in the
short autumn period is salmon fish. However, the time
periods of consumption of animals by this predator and
the level of its piscivory on Iturup have not yet been
assessed. We have not found any insect remains in the
bear scats. The deficit of animal prey and abundance
of alternative forage sources on the island stimulates
bears use marine waste and visit the garbage dump in
anthropogenic areas.

The fractional and chemical profiles of the scat
reflect the individual trophic selectivity of the brown
bear, since its diet on the island is based on hard and
difficult-to-digest food, mainly of plant origin. The
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high variability of the scat composition is confirmed
by the large value of CV of the occurrence of different
fractions of fecal particles. The greatest variability be-
tween samples is noted in relation to the mass of large
fractions of fecal particles, the composition of which
was determined by the proportion of algae and coarse
plant parts. The mass of small fractions of fecal par-
ticles is a more stable indicator showing the efficiency
of the digestive system.

Carnivorous mammals are characterized by rapid
passage of the digesta through the gut and weak trans-
formation of large and coarse food fragments by chew-
ing, grinding and digesting, so the composition of feces
can act as an indicator of the fractional and chemical
composition of the food consumed. The share of certain
macronutrients in scats increases following the increase
of these nutrients in the bear diet. This is especially no-
ticeable in relation to fat-containing food ingredients
from fish and seeds of some plants.

Analysis of the brown bear scat allows us to diag-
nose its feeding preferences in the specific periods of
time in certain habitats, which is especially important
in conditions of high interannual, intraseasonal and
individual variability of diets and heterogeneity of nu-
tritional quality of food objects. The averaged data on
the quality composition of scats in certain areas should
demonstrate the response of the brown bear population
group to the feeding situation in the current period. Fe-
cal samples collected in different territories of Iturup
Island have specific ratios of protein, fat and fiber. In
particular, a scat often contains more protein in the
coastal zone. Despite the fact that habitats with high di-
versity and abundance of available and nutritious food
promote the aggregation of brown bears there, we can-
not identify significant differences in the pooled scat
samples between the coastal and mountain ecosystems
of the island in terms of either the composition of fe-
cal particle fractions or the chemical profile of macro-
nutrients. This is most likely due to the wide spatial
movements of brown bears across the island, which do
not strictly adhere to certain landscapes in the summer
in search of food, following a strategy of consuming
abundant forage in areas where it is easily accessible.
However, the more homogeneous in structure and less
diverse the food items, the more unique the chemical
and fractional fecal signatures will be. Therefore, to ob-
tain significant differences in the composition of bear
feces between habitats and landscapes, large quantity
of scat samples within a year is needed.

The brown bear population on Iturup Island has
distinctive trophic relationships with forage vegetation
confirming the high ecological and behavioral plastic-
ity of this predator and its high adaptability to consum-
ing a variety of available forages.
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