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Abstract: The results are reported of a study of plant remains from the
gastrointestinal tract of large herbivorous mammals, i.e., horse, mammoth,
bison, which perished, according to C'* data, during various periods of the
Kargin interglacial in the Indigirka River basin (corresponding to the mid-
Wisconsin, 45,000 to 30,000 BP). At that time, the forest reached the coast
of the Arctic Ocean, and bogs spread. This led to a reduction of herbaceous
communities serving as pastures. The qualitative composition of the food of
the animals changed. Plants of moist and waterlogged communities, sedges,
cotton-grass, grasses, and green and sphagnum mosses, began to predominate
in their fodder. These communities differ considerably in their content of
major nutrients (protein, albumin, fats) and mineral composition from plants
of dry habitats and meadow forbs. This was the main reason for the reduc-
tion in the population of some animals and the final extinction of others.

The change of the environment toward cooling at the end of the Pliocene and
in the Early Pleistocene caused the appearance of coldloving mammals, i.e., mam-
moths, ovibos, yaks, reindeer, etc., which were common in the cold intervals of
the Late Pleistocene in Eurasia and North America.. The many bone remains and
whole skeletons of these animals in the Pleistocene deposits of Siberia are well known
(Cherskiy, 1891; Pavlova, 1906a, 1906b, 1910; Popov, 1947; Gromov, 1948; Vere-
shchagin, 1975, 1977; Lazarev, 1977a, 1977b; Lazarev and Tirskaya, 1975). About
50 almost complete skeletons of representatives of the upper Paleolithic faunistic
complex have been found so far in Siberia. Nevertheless, frozen animal carcasses
with well preserved entrails, including gastrointestinal tracts filled with plant re-
mains, are extremely rare because they preserve well only under favorable burial
conditions at the site at which the animals die.

Such conditions undoubtedly existed in Siberia during warm periods of the
Pleistocene. These include waterlogging, a large number of lakes, very viscous soils,
and permafrost. It can be assumed that permafrost thawed to a much greater depth
during the warm intervals of the Pleistocene and Holocene than in cold intervals
and at the present time, especially near river banks, lake shores, and along the edges
of bogs. As a result, the summer mortality of large animals increased in warm intervals.
The permafrost “conserved” the dead animals by preventing their decomposition.
It is only because of these conditions that the frozen carcasses of animals which
died in summer during the warm intervals of the Pleistocene survived to this day.
We are inclined to believe that the increased summer mortality of large herbivores
during the warm intervals of the Pleistocene and Holocene was one of the main reasons
for the extinction of some (mammoths, woolly thinoceros) and for the reduction of
the range of others (ovibos, bison, yak, etc.) in Asia.

189

ISSN 0273-8457/81/0004-0189$7.50/0
© 1981 Scripta Publishing Co.



The cold periods of the Pleistocene were less favorable for the burial of dead
animals, the carcasses of which remained at the surface and were eaten by carnivores
or decomposed. Therefore, the life of animals in the cold intervals of the Pleistocene
can be described only from palecbotanical investigations of the deposits enclosing
the- remains of dead animals, which do not always correspond to the time of their
life and death, since the redeposition of bones is possible. It is thus impossible to
obtain a reliable idea of the landscapes that existed during the lifetime of the animals,

Almost wholly preserved frozen animals have been found since 1900 and are
still being found in the deposits of the second and third flood-plain terraces in the
basins of the Kolyma and Indigirka rivers: they include the mammoth find of 1900
on the Berezovka River, the horse find of 1968 on the El’gi River, the bison find of
1971 in the lower course of the Indigirka River, and the baby mammoth find of
1977 on the Berelekh River (Fig. 1). A complete mammoth skeleton was uncovered
in 1971 on the Shandrin River, a right tributary of the lower course of the Indigirka
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Fig. 1. Sites of the finds of whole carcasses and
skeletons of Pleistocene herbivorous mammals.
Legend: 1-Mammoth, 1900, Berezovka River
2—Horse, 1968, El'gi River
3—-Mammoth, 1971, Shandrin River
4-—Bison, 1971, Indigirka River
5--Mammoth, 1977, Kirgilyakh creek,
left tributary of Berelekh River.
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Fig. 2. Gastrointestinal tract of the Shandrin mammoth, filled with plant residues
(frozen). General view. Photographed by N. V. Lovelius.

River (Vereshchagin, 1975). The frozen gastrointestinal tract of this animal, filled
with more or less digested plants, was well preserved under the ribs (Figs. 2 and 3).
It weighed 290 kg. About 15 kg of the plant remains in it were sent for study to the
Botanical Institute in Leningrad. This unique find made it possible for the first time
to study the structure of the gastrointestinal tract of a mammoth. All the aforelisted
finds are extremely important for paleozoological, paleobotanical, and paleogeo-
graphic reconstructions. : '

The plant cover is one of the main factors characterizing the living conditions
of large hervibores. Therefore, study of the content of the gastrointestinal tracts
of fossil animals buried in situ makes it possible to: (i) determine the composition
of the plants the animals ate shortly before they died and, consequently, directly
in the area in which they died; (ii) reconstruct the flora and the character of the
vegetation in the areas of their death; (iii) obtain an idea of the landscapes and climate
during the lifetime of these animals; and (iv) establish the living conditions and under-
stand the reasons for the extinction of mammoths and some of their “satellites”.

As early as in 1861, when no such findings were known, A. F. Middendorf wrote:
“What complete idea would we obtain of their (mammoths—V.U.) living conditions
and reasons for their extinction if the stomach contents of the best preserved carcasses
were to be subjected to microscopic analysis” (p. 855). M. S. Voronin, V. N. Sukachev,
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Fig. 3. Gastrointestinal tract of the Shandrin mammoth in cross section. Photo-
graphed by N. V. Lovelius.

A. L. Tolmachev, B. A. Tikhomirov, Ye. D. Zaklinskaya, and L. A. Kupriyanova
gave great importance to the study of the plant remains from the stomachs of fossil
animals. d

According to K. K. Flerov (1965), herbivorous mammals are of great importance
to the determination of past landscapes. He writes: “The great diversity of biological
types and ecological niches they occupy make mammals excellent indicators of land-
scapes. The close relation between herbivorous mammals and the flora makes it
possible to judge even more soundly the conditions under which a given species
lived. It must not be foregotten that the smallest deviation in the composition of
the vegetation serving as food to the mammals, in their mode of gathering it, and
in their migration reflects sharply on their structure. All this makes mammals one
of the best objects for paleogeographic reconstructions compared to other animals”
(p. 121).

The first opportunity to study the composition of plants in the gastrointestinal
tract of a fossil-animal appeared in 1900 when an almost completely preserved frozen
mammoth carcass was found on the Berezovka River, a right tributary of the Kolyma
River, about 320 km to the northeast of Srednekolymsk (Gertz, 1902). V. N. Sukachev
(1914), who studied the stomach content of this mammoth, came to the conclusion
that it fed mainly on meadow grasses. These data are supported by the morphology
of mammoths, which are true grass eaters, having special structures for grabbing
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Fig. 4. Baby mammoth, Dima, 1977, Kirgilyakh creek. Photographed by S.
Steshenko.

(Flerov, 1931) and crushing hard grasses (Gromov, 1948). Flerov showed that the
“bilobate” structure of the end of the mammoth trunk is associated with the feeding
mode. The end of the trunk, consisting of a strongly developed lower lobe and of an
upper digitiform process, was an excellent organ for gathering grasses. According to
Gromov (1948), as the jaws evolved from primitive Elephans merionalis to the mam-
moth, the tooth crown became higher, the number of dental plates increased, folded
enamel appeared and its thickness decreased. Gromov, like most other researchers,
believes that such a transformation of the jaw was produced by a change in food
composition from more succulent and soft to coarser. This was probably caused by
the migration of the ancestors of the mammoths from the forests to open areas,
where hard to chew and poorly digestible grasses predominate.

The plant remains from the stomachs of another three fossil animals, ie., the
horse found on the Selerikan River, the mammoth from the Shandrin River, and
the bison discovered in the middle reach of the Indigirka River (Fig. 1), have now
been investigated. The stomach content of the baby mammoth found June 23, 1977,
on Kirgilyakh Creek in the upper course of the Kolyma River (Fig. 4) is under investi-
gation. The composition of the plants eaten by the animals shortly before they died
(Table 1) has been established from pollen, spores, plant tissues (Tikhomirov, Kul'tina
(Ukraintseva), 1973; Solonevich, Vikhireva-Vasil’kova, 1977; Solonevich et al., 1977;
Ukraintseva, 1977; Ukraintseva et al., 1978), fruits and seeds (Yegorova, 1977).
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Fig. 5. Composition of plants, identified from pollen
and spores, in the contents of gastrointestinal tracts.

Legend: 1. Mammoth, Shandrin River

I1. Bison, Indigirka River

III. Horse, El’gi River

1. Tree, shrub, and undershrub pollen

2. Grass pollen

3. Bryophyta and Pteridophyta spores.

The difference in the composition of plants eaten by the animals is shown in
Fig. 5, according to palynological data. The pollens of herbaceous plants account
for 80.3% of the content of the gastrointestinal tract of the horse that died on
Bol'shoy Selerikan Creek (EI'gi River), tree, shrub, and undershrub pollen for 8.4%,
and the spores of various mosses and ferns for 11.3% (Ukraintseva, 1977). Grass
pollen and spores were found almost in equal amounts in the contents of the gastro-
intestinal tract of the bison from the Indigirka River (Ukraintseva et al., 1978), 49.7
and 43.4%, respectively. Tree, shrub, and undershrub pollen accounted for 6.9%.
Moss spores predominated in the gastrointestinal tract of the mammoth found on
the Shandrin River, amounting to 77%, grass pollen amounted to 19.4%, and tree,
shrub, and undershrub pollen only to 3.6%.

It is important to note that the percentage ratio of pollen and spores of various
plant groups, i.e., grasses, mosses, trees, shrubs, and undershrubs, is fairly close to that
of the same groups determined from macroremains. According to N. G. Solonevich
and V. V. Vikhireva-Vasil’kova (1977), the remains of herbaceous plants predominated
in the gastrointestinal tract of the horse, amounting to 90% of the entire plant mass;
wood remains amounted to 5-7%, and the remains of various mosses to 1-2%.

The data obtained made it possible to establish qualitative differences between
the floras in the areas where the fossil animals were found and confirmed the existence
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TABLE 1
Composition of Plants Identified in the Contents of the Gastrointestinal Tracts
of Herbivorous Pleistocene Mammals of Siberia* “

Coctan pacremaii, oumm-mmu: B COMCPIHTIMOM JRCXYAOTAO-KITTINIILYX TPAKTOD
PACTHTCALOOAANME WiciicTonctropiix Miackonntaromnx CiGupn *

Animal, date of its death, according to C'*

Berezovka Shandrin Selerikan Mal ﬁkhchtn
mammoth mammoth horse

44,000 41,740 38,590 % 29, 5001
Plant Years ago I920qua 1180 years ago| 1000 years ago

: S|EE|sd
1 4

3

spores'
remains
pollen,
spores
macro-
mal
pollen,
pollen,
spores

: g
HH

Lariz dahurice Turez. +
Lariz

sp.

Picea obovata Ledceh.
P, cf. ajanensis Fisch,
Picea sp.

Plnus stbirica (Rupr) Mayr +
P. pumila (Pall.) R

P. sylvestris L,
Pinus sp. sp.
Juniperus sp.
Sallz sp.,—sp.y
Saliz sp.,

Sallz sp.y 3
Saliz sp. sp. + !+ + |+
Populus suaveolens Fisch.
Betula sp. ex secl, Costalae
B. ealba L. 8. ). +
B. fruticosa Pall.

B. platyphylla Sukacz.
B. exilis Sukacz. 5 =
Belula sp. ex sect. Nanae +
Betula sp. sp.

Alnus hirsuta (Spach) Rupr, +
A. fruticosa Rupe, 4 | &
Alnys sp. 4 +?
Cwyhu cf. cornuta Marsh,
Ulmus pumila L,

U. :l. pmp!nqu; Koidz.

Caugana ‘Jubata (Pall.) Poir.
Typha

Potumogatun sp.

Agmpyran trtstﬂmm (L.) Gaertn. | -

A
rur ntptmu s. 1,
ec manta eruciformis L. s. 1.
Bromus Hblricm Drob.
Calamagrostls
Helictotrichon krylavu {N. Pav-
lov) Henrard.
Hordeum violaceum DBoiss. et e
uet
Phragiiites communis Trin.
Elymus sp.
Festuca sp. sp. +
Poa arctica R. Br.
g :cg Wahlenb.
arez optuc \'f
Carez sp

Er!aphamr:p sp.
Kobresia cf. capilliformis Ivanova +
Kobresia sp.
Cyperaceae gen, + |+ | +

Juncns s

Allium ;mmspnuum L.

A. strictum Shrad,

Ozyria digina (L.) 11ill (?) + +.
*Sukachev, 1914; Kupriyanova, 1957; Tikhomirov, Kul'tina-Ukraintseva, 1973;

Solonevich, Viklureva-Vnsil’kova. 1977; Solonevich et al., 1977; Ukraintseva, 1977;

Uknintxeva etal, 1978.
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TABLE 1 (cont’d)

I podoaxcernue

Animal, date of its death, according to C**

Berezovka Shandrin Selerikan Malykhchin

mammoth mammoth horse bison,
44,000 41,740 * 38,590 29,500

Plant yearsago  |1920 years ago|1180 years ago | 1000 years ago

£18¢8
HEE

:

-

pollen,
spores
remains
pollen,
spores

macro-

remains
pollen,
spores

remain

Polygonum bistorta 1.

P. joliosum H. Lindberg
P. scabrura Moench
Rumez acelusella L
Rumez sp.

+
Atriolez sp, +
4
+

+

Chenopodium sp,
Ch:m::sliaeeapgen.
Cerastium sp.
Dianthus sp.
Lychnts sibirica L.
Mtinuarila arctica (Slev.) Asch,
M. macrocarpa (Pursh.) Ostenf.
Melandrium sp. +
Segina sp. +
Silene sp.
Stelloria jacutica Schischk,
Stellaria sp.
Caryophyllaceae -+
Nuphar pumilum (Hulim) DC,
Nymphaea sp.
Caltha palustris L. +
Ranunculus acris L. +
Ranunculus sp.
Thallctrum foetidum L.
Ranunculaceae gen.
Papaver sp.
Polygala sp.
Brassicaceae +
Sedum purpureum (L.) Schult.
Saxifraga sp. sp.

punctata Juz.,
Potentillc emarginata Pursh,
P. multifida L.
Potentilla sp.
Rubus arcticus L.
Sangulsorba officinalis L.
Rosa
Rosaceae gen.
Astragalus sp
Hedysarun
Qzytropis lordida (thld) Pers, +
Lathyrus pilosus Cham.
Fabaceae gen. (Leguminosae)
Epilobium sp.
Aegopodium podagraria (L.) (?)
Angelica dahurica (Fisch.) Benth.
Aplaceae (Umbelliferae gen.) .
Vaccintum vitis-ldaea L. +
Ericaceae gen. 4-
Gentigna sp, . +-
Phlox sibirica L.
Polemonium boreale Adams
Labiatae gen.
Pedicularis sp.
Valeriana eapitata Pall.
Artemisia burealis L.
A, dracunculus s. L.
A. sacrorum Ledeb. s, L.
A, vulgaris L, +

ot

+et
+ 4+ o+ 4t

+ 4+ +

++
+++ 4

T = = T S o o o A S e s e I
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TABLE 1(cont'd)
M podoaxenad

Animal, date of its death, according to C™*

Berezovka Shandrin Selerikan Malykhchin

mammoth mammoth horse ison,
44,000 41,740 & 38,590 29,500

Plant yearsago  |1920 years ago| 1180 years ago| 1000 years ago

macro-
remains
pollen,
spores
remains
pollen,
spores
macro-
remains
pollen,
spores
marco-
remains
pollen,
spores

macro-

-+

Artemisla sp.
Aster sp,
Centaurea sp.
Cirsium sp.
Grophallum uliginosum L. s. 1.
Mulgedium sibiricum (L.) Less.
Saussurea Sp.
Asteraceae gen.
Indet, dicotyledonene
Indet. monocotyledoncac
Hepaticae
Sphagnum angustifolium C, Jens,
S. girgensohnil Russ.
S. sp. ex scct, Subsecunda
g. A? ex sect, Palusiria
phagnum sp, sp.
Polytrichum eommune Hedw,
g. t:mc‘;‘um Sm.
olytrichum 8p.y_s
Dicranum Bp.p : +
Pottia sp. (Pottiaceae)
Distichtum capillaceum (Hedw:)

. 8. G. .
Tortula ruralis (Hedw,) Crome
Bryum sp. sp.

Aulacomnlum turgidum (Wah- + +
lenbh.) Schwzegr.

Thuidlum abietinun (Hedw,)
B. S. G.

Thutdium sp.

Drfpnocludpu fluitans (Hedw.) +
Warnst. (=Hypnum {lulians

(Dill) L)

Drepanocledus sp.

Culﬂergon sp.

Tomenthypnum nitens (Hedw.)
Locske

Rhytidium rugosum (Hedw.) +
Kindb.

et

++
4

ot

b
+H+  +

+ o+ 4+ A+

++

Bryales 5p.y_q +
Equizetum sp.
Botryckium lunaria Sw.
Lyeopodium alpinum L.
Lycopodium sp.
Selaginella sibirica (Milde) +
Heiron.
§. pleistocenica sp. nov.
Selaginella sp.
Dryopterls sp.
Pulypodiaceae gen.
Indet. sporites + |

The mosses were identified by A. L. Abramova (Botanical Institute, Leningrad).

o

+ + +

4+t

B OTORANMC TCPHOAN IICHCTONCHA KAPIUBAILUO MCIAICH COCTAN PacTennii,
KOTOPMMI MITAANCH KPYHNMe PAcTUTCALIOIUNE SICROUnTaKIie, 1B co-
CTABE KOPMOR OTHX GEHBOTHIAX HATHIIAN JOMIIPORATE PacTCHIN WHGEILX
¥ 3aGOTOMCNIMY MCCTOOBUTANNT = VCOKI, Y I, 33K, 3eaenue i cdar-
nosse s (pue. 5, 1 3 J1), KOTOpue 10 CoeJEiaiie ocnaniux NUTareapiis
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of plant zonation during the warm periods of the Pleistocene. According to C** data
(see Table 1), these animals died during various stages of the Kargin interstadial
(Hettweigian, according to the European scale; Port-Talbot 1, 2; Plum-Point, ac-
cording to the American scale) (Geynts, Garutt, 1964; Arslanov, Chernov, 1977),
which covered the time interval between the Zyryan (more than 50,000 years ago)
and the Sartan (which began 25,000 years ago) glaciations. The optimum of the
Kargin interglacial occurred in the middle of this interval, i.e., Melokhetskoye warm-
ing, which occurred approximately 42,000-32,000 years ago (with an optimum
about 40,000 years ago—Kind, 1972).

Climatic conditions in Siberia were milder than now during the Kargin inter-
glacial, especially during its optimum phase. This is attested by the existence in that
period of a forest vegetation in the now treeless regions of the Indigirka basin. It
has been established from investigations of the content of the gastrointestinal tract
of the mammoth from the Shandrin River (Solonevich et al., 1977) that theré were
Larix gmelinii forests in the region of the mammoth find about 42,000 years ago,
the bark, needles, seed scale remains, and pollen of which were found in its stomach.
At the present time, marshy and hummocky tundras and sedge-hypnum and sphagnum
bogs are common in the Shandrin River basin. The waterlogged larch forests and
open woodlands of the basin of the Ercha River, a right tributary in the lower course
of the Indigirka River, can serve as an analog of the vegetation of the Proto-Shandrin
River during the lifetime and death of the mammoth. The northemn limit of these
larch forests is 200 km south of the site of the mammoth find.

Study of the stomach content of the horse from the Selerikan River and of
its enclosing deposits (Ukraintseva, 1977; Belorusova et al., 1977) showed that moun-
tain larch forests with Picea obovata and, possibly, P. ajanensis were common in the
upper course of the Indigirka River about 40,000 years ago and that large birch
from sect. Costatae and Alnus hirsuta probably grew in valley forests. Meadow and
meadow-steppe communities, serving as pastures, played an important part in the
landscapes. At that time, Kobresia capilliformis, which is now a typical plant of
the high mountains of Soviet Central Asia, the Middle East, and Mongolia, where
it is sometimes found in the middle and upper part of the forest belt, formed a notice-
able part of the herbaceous communities of the study area. The horse stomach con-
tained 800 fruits of this species. T. V. Yegorova (1977) ascribes the extinction of
Kobresia capilliformis, a species once abundant in the range of habitat of the horse,
to the increase in the continentality of the climate of Eastern Siberia in post-Kargin
time, particularly to the sharp decrease in snow cover depth. To the south and south-
west of the area in which the horse was found, the forests consisted not only of conifer-
ous but also of broadleaf species, i.e., elm, filbert, etc., the pollens of which were
well preserved in the horse’s stomach.!

V. N. Sukachev has identified the wood samples from under the carcass of the
Berezovka mammoth and in the enclosing deposits. He found Alnus sp., Larix sp.,
and Betula alba s. 1., which grow even now in the Kolyma River basin and in the

"The good preservation of the pollen precludes its interpretation as “redeposited”.
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area of the mammoth find. He came to the conclusion that the climate at the time
of the death of the mammoth was no more severe than now. Sukachev gave no indica-
tion of whether it was warmer or the same as now. At any rate, there is no doubt
of the existence of forest communities consisting of the mentioned species.

Later determinations from pollen and spores led L. A. Kupriyanova (1957) to
conclude that the climate during the lifetime and at the death of the Berezovka
mammoth was warmer than now, since some plants, encountered at that time on
the Berezovka River, i.e., Pinus sibirica, Caragana jubata, etc., are now found much
farther south and southwest. The Berezovka mammoth died in the beginning phases
of the Kargin interglacial, when herbaceous communities were still more widely
represented and valley type forests predominated.

The paleobotanical data obtained thus testify to the prevalence of forest land-
scapes in the Indigirka basin down to its lower course during the optimum phases
of the Kargin interglacial. . The increase in forests and bogs in the warm intervals
of the Pleistocene led to a sharp reduction of herbaceous communities, which were
widespread during the cold (glacial) intervals of the Pleistocene in Eurasia and North
America. As a result, the composition of the plants eaten by large herbivorous mam-
mals changed drastically in warm periods. Plants of moist and waterlogged habitats,
i.e., sedge, cotton grass, grasses, and green and sphagnum mosses, began to predomi-
nate in the food of these animals (Fig. SI and SII). These plants differ considerably
in their content of major nutrients (protein, albumins, fats) and mineral composi-
tion (especially calcium, potassium, phosphorus) from plants of dry habitats and
from meadow forbs (Larin, 1958). Green mosses are an abundant but inferior food
(Koshkina, 1961).

The protein content in fodder is one of the most important indicators of its
nutritional value (Tebenevochnyye ..., 1971). Sedges and grasses, the remains of
which predominate in the stomachs of the mammoth and bison, have almost the
same nutritional value and content of mineral elements. The sedges of moist habitats
are inferior in nutritional value and in mineral composition, particularly in the content
of calcium, to the sedges of desert and mountain habitats (Larin, 1958). Eriphorum
vaginatum, one of the common and important spring foods of the reindeer, contains
only 0.33% calcium and 2.70% of raw ash, while its main winter food, Cladonia
alpestris, has 0.13% calcium and 0.54% raw ash (Yegorov, Kuvayev, 1959). The
importance of calcium, potassium, phosphorus, and other nutrients to large herbivores
is indisputable. Their low intake reduces the birth rate and increases winter mortality.

We believe that the seasonal variation in nutrients and mineral substances played
an important part in the life of extinct animals (mammoths, woolly rhinoceros),
as it does in the life of present animals. It has been established that the content
of protein and albumin decreases sharply in pastures in the winter-spring period
(Tebenevochnyye . .., 1971). The protein deficiency is aggravated by a sharp de-
crease of individual, irreplaceable amino acids. The protein content in major species
of fodder the species: by a factor of 3.5-6.3 in grasses and of 2.6-6.4 in sedges. The
content of protein and albumin in plants in the Srednekolymsk region decreases
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to a lesser degree in winter, by a factor of 2.4-3.5 in grasses and of 2.4-5.2 in sedges.
As the content of protein changes so does its qualitative composition. For example,
the total content of nine irreplaceable amino acids (excluding tryptophan) in the
investigated fodder grasses of the Verkhoyansk and Srednekolymsk regions varies
from 19 to 37 g/kg of air-dry substance in summer, equals 7-11 g in winter, and
decreases to 4-3 g by spring. The sharp decrease of the protein-albumin value of
winter fodder has a negative effect on the albumin metabolism and productivity
of animals and particularly horses.

It must be emphasized that the calcium content in fodder plants is frequently
low in summer (0.08-0.50%) and in some cases does not meet the requirement of
horses in it, while it is high and often excessive (0.2-1.7%) in winter. An elevated
calcium content was probably a vital necessity for such large animals as the mam-
moth, ovibos, bison, yak, woolly rhinoceros, etc., which have a massive skeleton.

It must be assumed that the variation in nutrients and mineral substances was
probably different in the cold intervals of the Pleistocene but favorable to such large
herbivores as the mammoth, requiring not only a large amount of fodder but also
full-valued fodder for their normal vital activity.

Thus, the change in.the environment during the warm intervals of the Pleistocene
in the direction of improved ecological conditions from the human point of view was
harmful to mammoths, ovibos, yaks, saigas, and other animals adapted to life in a
“dry™ cold climate (Garutt, 1965; Formozov, 1969; Flerov, 1978). However, the
mammoth and its satellites continued to exist in these warm periods pessimal to
their life. Such animals as the Saiga and Poephagus, adapted to life under arid condi-
tions (Flerov, 1978, 1979), left the Siberian Northeast, remaining only in arid zones
in the Holocene. '

The shortage of fodder and its low quality, the increase in humidity, severe
waterlogging and thermal settling of soils, and a deep snow cover had the result that
animal mortality increased strongly in summer and winter during the warm intervals
of the Pleistocene. The number of animals of the “mammoth” faunistic complex
probably decreased strongly during the Kargin interglacial, particularly in the phase
of the climatic optimum. During the Sartan ice age, when herbaceous communities
increased again, conditions were more favorable for the mammoth and its satellites,
but their number had probably become so small by that time that the mammoths
became extinct during the next, Holocene, warming in the entire paleo-Arctic and
in North America, not being able to adapt to the ecological conditions of warm
intervals. The ovibos became extinct in Europe and Asia, remaining only in Canada,
the islands of the Canadian Archipelago, and in Greenland, where existing climatic and
landscape conditions are associated with the presence of glaciers or their proximity.

Analysis of plant remains from the stomachs of fossil herbivorous mammals of
Siberia and of the dates of their death leads to the following conclusions:

1. The dates of the death of the known well-preserved carcasses of large extinct
herbivorous mammals belong to various stages of the Kargin interglacial.
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2. At that time, conditions in Siberia were favorable for the burial of such large
animals as the mammoth, the woolly rhinoceros, bison, etc.

3. The increase in forests and bogs in warm periods led to a sharp reduction
of pastures.

4. The quality of the fodder deteriorated and this resulted in a decrease in birth
rate and greater winter mortality.

5. The summer and winter mortality of the animals increased in warm periods
and ultimately led to their extinction.

6. Many animals adapted to life in a “dry™ cold climate with extensive herba-
ceous communities could not survive the Holocene warming and became extinct or
reduced their range.

7. The extinction of mammoths and of their “satellites” had many reasons.
However, these reasons were determined by the fluctuating character of the Pleisto-
cene environment (Velichko, 1973), the succession of cold (glacial) and warm (inter-
glacial) epochs, and a sharp change of ecological conditions to which these animals
were unable to adapt.
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