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STUDY OF ANTHROPOGENIC EFFECTS ON TUNDRA VEGETATION IN CONNECTION WITH THE
GENERAL TREND IN TUNDRA BIOME DEVELOPMENT
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[Chapter by V. N. Andreyev, Institute of Biology of the Yakutsk Affiliate
of the Siberian Department of the USSR Academy of Sciences, Yakutsk, from
the collection "Pochvy i Rastitel'nost' Merzlotnykh Rayonov SSSR," Data of
the Fifth All-Union Symposium "Biological Problems of the North," USSR Acad-
emy of Sciences, Far East Scientific Center)

[Text]/ Conserving nature and working out efficient methods of developing
blological resources require an all-around study of the problem of the ac-
tivity of man, who directly or indirectly affects the biosphere as a whole,
or its individual components. The plant and animal world of the north feels
the effect of man's activity to some degree, although the population density
is only about 0.2 people per square km. As the size of the population in-
creases and northern agriculture intensifies, anthropogenic effects rise.

A number of acute problems requiring the most rapid examination arise.

Man's activity in the north should be based on a careful study of these ef-
fects and on the development of measures to prevent or soften their nega-

tive impact.

In addition to global changes caused by the enrichment of the atmosphere
with carbon dioxide, its smoke content and radicactive fallout, local re-
glonal effects have a great impact. In their origin and consequences they
can be unified in five groups:

1. the consequence of the use of biological resources and their negative
results;

2. the effect of construction, transport and the mining industry, which
is manifested on a steadily incressing scale;
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3. the effect of elemental forces unleashed by man's activity. This in-
cludes fire, floods, mudflows, landslides and so forth;

L. the effect of populations of wild animals controlled by man to some ex-
tent and, therefore, in principle, reducible to the optimum level;

5. agricultural, fully controlled forms of effect directed toward an im-
provement in bioclogical resources and their augmentation.

In order to develop the optimum parameters for the utilization of biologi-
cal resources and the appropriate measures to prevent and fully eliminate
negative anthropogenic effects on the plant cover, profound biogeocenolo-
gical investigations are needed.

All the five groups of effect connected with the investigation of vegeta-
tion can be characterized as follows:

1. The effect of reindeer breeding. The systematic grazing of reindeer
herds for a number of years has caused vast changes in the vegetation and
soil and, essentially, has created new biogeocenoses. Exclusion of a cer-
tain part of the above-ground phytomass, mechanical damage to its other
part, compaction and enrichment of soil with excrement, destruction of some
microrelief forms by reindeer, appearance of new microrelief forms under
the effect of intensified thixotrophy and soil solifluction, effect on the
wvater regime, snow cover and a number of other changes lead to the develop-
ment of plant groupings more or less different from indigenous groupings.
On the whole, reindeer grazing leads to a reduction in shrubby lichens, de-
pression of shrubs, a greater development of low bushes and, especially,
grasses——primarily cereals (Achti, 1957; Andreyev, 1968; Pegau, 1970). In
the reindeer breeding zone, especially in the old regions of its more in-
tensive development, the tundra is covered with grass. Damaging the re-
grovth of tree species, reindeer hamper the development of forest groupings,
especially on the polar and --ertical boundaries of their distribution.

About 3 million domestic reindeer in the Soviet sub-Arctic region are some
of the powerful factors in the effect on natural biogeocenoses occupying an
area of no less than 3 to U4 million square km. By utilizing this factor
skillfully, it is possible to control the state of plant resources in the
tundrs, as well as the rates and scale of their restoration. Therefore,
the study of the effect of reindeer on the plant cover is of especially
great importance (Klein, 1971).

It is necessary to make a thorough study of the effect of reindeer stock
on the types of tundras with their different loads on pastures (optimum,
calculated on the basis of the determination of reindeer capacity and ex-
ceeding the imum load twice and four times), different methods of rein-
deer keeping (free, herd, controlled and fence grazing) and different herd
sizes (500, 1,500 and 3,000 head). The percent of exclusion and damage to
the phytomass (of the total fodder and gross reserves), as well as the per-
cent of pasture utilization (of the total area), can be taken as the basic
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indicators of the intensity of the effect of grazing on a pasture. The
results of effect are determined for a number of years on the basis of a
study of the changes in the fodder productivity of pastures, the botanical
composition and horizontal and vertical structure of phytocenoses and the
microrelief, and the physicochemical soil composition. It is necessary to
establish fenced control areas where there should be no grazing. Conclu-
sions on the most acceptable system of reindeer keeping for various natural
zones can be drawn on the basis of the data obtained. The concept of "rein-
deer capacity" should be further developed. :

Whereas reindeer affect primarily watershed spaces, hay mowing and livestock
grazing are powerful factors in river valleys and lake basins, At the same
time, meadow groupings undergo significant changes. In many cases the very
appearance of these groupings is the consequence of removal of shrubs ("sec-
ondary meadows"). As a result of a long-term use of meadows a number of iew
species appear on them. From 3 to 10 species per 100 square meters are noted
on virgin or rarely used meadows in the tundra zone, 25 to 30 species, on
systematically used meadows in the tundra zone, and 35 to 4O species, in the
forest tundra (Andreyev, Savkina, 1969). The rough bluejoint small reed
characteristic of virgin meadows is disappearing under the effect of hay mow-
ing (Savkina, Taz'ba, 1961; Vershinin, 1963). Special anthropogenic meadow
groupings are being created. Their composition and productivity depend to

a considerable extent on the length and intensity of utilization and methods
of clearing (Savkina, 1960). Improvement in meadow grass stands can be at-
tained through the introduction of the hay harvest-pasture turnover, use of
chemical treatments and topdressings, undersowing of valuable species and
establishment of protective shrub coulisses (Savkina, 1968).

Of great interest are the hardly studied problems relative to the consequen-
ce of the procurement of various plant resources. The extremely slow rates
of their restoration and excessive exploitation (which takes place near set-
tlements) cause a reduction in reserves and even their complete destruction.
The felling of forest islands in the tw.dra, as well as the procurement of
shrubs (willow, alder and so forth) for fuel, lead to an expansion of tree-
less areas and to a reduction in standing bushes. As a result of the pro-
curement of nuts, berries and edible, medicinal and decorative plants with-
out regard for their reserves and periods of restoration, the distribution
of a number of species was reduced considerably and some of them disappeared
completely. The procurement of peat without the appropriate drainage meas-
ures causes a degradation of the frozen ground and flooding of quarries,
vhereas they can be utilized as agricultural land through the establishment
of cultivated hayfields and pastures. It is necessary to study the behavior
of individual species and the state of plant groupings under the effect of
various procurements through stationary observaticns based on a calculation
of the specific composition and phytomass and to use the questioning of the
local population on the state of reserves and changes under the effect of
procurementy and on their duration and volume. This will serve as the basis
for the development of proposals on the most optimum volumes, periods and
methods of procurements.




The accumulation and distribution of new plants can be conditionally in-
cluded in this group of effects. This process, which plays a certain role
in the formation of anthropogenic groupings, has been studied extremely
poorly. In the aspect of florogenesis it was observed in Finnish Lapland
(Achti, Hamet-Achti, L., 197T1). A number of interesting date on USSR tun-
dras were gathered (Dorogostayskaya and Tikhomirov, 1957; Tikhomirov, 1963).

2. The effect of construction, transportation and the mining industry, in
particular, polygons remaining after the utilization of mineral resources,
quarries and construction sites. In connection with the expanded scale of
development of the regions of the Far North this effect increases annually.

It is very important to observe the forms of impairment of the soil and plant
cover and the micro- and nano-relief under the effect of the traffic of trac~
tors and cross-country vehicles, as well as the periods and characteristics
of overgrowth of damaged places. According to our observations, in the Far
North-East hummocky marsh sedge-cotton grass tundras are restored approxi-
mately 8 to 10 years after the damage is done. However, the structure and
composition of restored groupings differ from the previous ones (observations
and experimental data by researchers of the Canadian North and Alaska--Tun-
dra Biome, 1972).

Measures to regulate the traffic of country-cross transport in the tundra
zone should be developed and proposals on structural changes softening the
destructive effect of caterpillars on the soil and plant cover should be
made.

The "industrial" associations and successions on exposed tundra expanses
bave not been studied at all. In a number of cases by sowing perennial
grass on exposed expanses it is possible to establish valuable fodder land
for reindeer and other farm animals.

3. Elemental effect. Among the elemental forces unleashed by man fire,
whose consequences have not yet been studied sufficiently, is of the great-
est importance. It is widespread in the zone of contacts of polar forests
and open woodland with tundres (Fire in the Northern Environment, 1971).

In the area of the treeless tundra fire is of a narrow focal nsture and is
noted primarily in continental climate regions. "Pyrogenic tundras™ on the
place of burnt light forests are widespread on considerable areas in the
forest and southern tundras. The process of soil formation several decades
after fire led to the formation of gley peat soil and to the development of
the mound forming sedge family (Eriophorum vaginatum, Carex wiluica, C. lu-
gens) in combination wvith sphagnum and mesohydrophytic green mosses. The
pyrogenic groupings that have emerged hamper the restoration of tree spe-
cies. In some cases fire has an effect on the position of the polar bound-

ary of woody vegetation. i
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2 4, The effect of vild animals. Until recently the role of wild animals,
which have a serious effect on the plant cover of the Arctic and sub-Arctic
regions, in particular, that of the northern reindeer, has not been fully
taken into account. The long-term effects of the populations of wild rein-
deer, especially during the period when they gather into herds of many thou-
sands, on pastures, do not remain without traces. For example, in 1946 on
the treeless tops of the "Wolves' Tundras" (Kola Peninsula) reindeer moss

3 to 4 cm tall covered 80 percent of the 12,600 hectare area. These tun-
dras, which proved to be not for farm use, became the favorite place for
grazing wild reindeer. Over a period of 10 to 15 years reindeer moss was
destroyed to a considerable extent. A recalculation made in 1968 by means
of the same method disclosed the presence of reindeer moss only on 12 per-
cent of the area. At the same time, its height 4id not exceed 1.5 cm. A
sharp reduction in fodder reserves has been noted in northern Yakutiya, where
pastures are greatly overloaded as a result of their use by wild reindeer.
Apparently, the absence of reindeer moss in the subzone of the Arctic tun-
dra (to which many investigators drew attention) is the result of an inten-
sive grazing of wild reindeer in this subzone.

Furthermore, elks, hares, muskrats and waterfowl, whose populations are

controlled by man, have a significant effect on the plant cover. Mouse~-

like rodents and invertebrate animals, especially insects, also have a

wr-.-t3 but unsufficiently studied, effect on vegetation (Tikhomirov, 1959,
. 1970).

Despite the obvious and well-known relationships among the animal, plant

. and abiogenetic components of biogeocencses, in practice, they are often
forgotten and various measures implemented on one of the components do not
take into account the possible consequences for others and the entire com-
bination as a whole.

The enthusiasm for lake drainage also has a pernicious effect. Often, for
the sake of obta.ining a short-term fodder area, fish reserves are ruined

and the habitats of waterfowl are destroyed. The establishment of long-term
fodder areas on drained lakes is a problem that has not yet been sufficiently
worked out biologically or agriculturally and it must be seriously studied
before the formed valuable biogeocenoses are disrupted.

5. The effect of special agricultural measures of decisive importance for
the cause of development of the Far North. This includes aerial chemical
treatment with arboricides, herbicides and growth stimulants and the effect
of mineral foliar and root top dressings. The study of the effects of this
procedure is basically the task of agromelioration. However, biologists
should also take an active part in its solution.

. A change in vegetation under an anthropogenic effect can cause a profound
reorganization of the structure and composition of plant groupings. At the
same time, other effects often recede, as it were, into the background, but

§ the set of natural factors retains its fundamental importance under any con-
ditions. The anthropogenic effect is only imposed on a natural basis.
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Among natural factors of special importance is the set of climatic effects
basically determining the present state and ways of development of biogeo-
cenoses.

Understanding the general trend of natural shifts and tendencies of their
modern dynamics is of great importance for a correct evaluation of the an-
thropogenic effect and development of measures for the utilization and con-
servation of biological resources. If the scheme of taxons of classifica-
tion and regionalization of vegetation proposed by V. B. Sochava (1968) is
taken as the basis, in our opinion, the level of subzones and categories of
formations corresponding to them is most important for studying this prob-
lem. The effect of climatogenic causes on vegetation is most clearly mani-
fested at the subzonal stage and at lower levels this effect is suppressed
by orografic and edaphic nonzonal factors.

The methods adopted by us lie in investigating boundary groupings in which
structural types (stages, parcels and synusiae) of adjacent subzones are
combined. A study of the state and interaction of the elements belonging
to various subzones within one grouping makes it possible to draw a conclu-
sion on the success of a specific element and, therefore, on its priority
developmet and certain tendency in the shift of subzonal boundaries. This
method does not claim to be innovative. Many authors, who studied the dy-
namics of the polar and upper verticel boundary of woody vegetation, re-
sorted to a study of the state and vitality of trees and forest parcels in
boundary mosaic groupings-—open woodland near tundras--which combine var-
ious elements of the southern tundra and light forests. The noted success
of forest types in these groupings served as one of the proofs of the ad-
vance of forests to the tundra during the modern era. Apparently, the data
on the cyclic development of forest groupings on the northern boundaries

of woody vegetation published by V. V. Kryuchkov (1970) should be considered
an individual case. :

Islands of young light forests with unchanged tundra soil and grass-shrub
covers and comparatively young trees--Larix dahurica-——(20 to 50 years) are
detected in the lower reaches of the Kolyma in the region of contact of
light forests and the southern sub-Arctic tundra. Numerous isolated lar-
ches from shoots to trees 3 to U meters high are found farther, 30 to 40
km to the north. The forest component in the communities of the southern
sub-Arctic tundra is active and successful.

The extensive development of shrubby willows (Salix pulchra, S. fuscescens,
S. lanata, S. galuca, S. alaxensis and so forth) possessing a wide ecolc-
gical amplitude is a characteristic feature of the middle sub-Arctic tun-
dra. The absence of shrubby willows and the development of primarily hypo-
arctic species--Ledum decumbens, Vaccinium uliginosum, V. vitis-idaea--on
the /plakory/ of low bush tundras is characteristic of the northern sub-
Arctic tundra. An active settling of willows in the microdepressions of




low bush tundras and the absence of any signs of suppression of willow par-
cels at the northern boundary are observed in the boundary zone between
these subzones. Distinctive small-node boundary tundras in combination
with Arctic and sub-Arctic elements are widespread between the northern
sub-Arctic tundra and the Arctic subzone tundra. The former include Dia-
pensia obovata, Dryas punctata, Salix polaris and so forth, and the lat-
ter, ledums, blueberries and cowberries. Observations attest to the great
vitality of sub-Arctic types and suppression of Arctic types by them. The
settling in the Arctic tundra of white peat moss characteristic of sub-
Arctic subzones, where deposits of sphagnum peat have been noted, is note-
worthy. In the Arctic subzone their settling is of an island nature, the
layer thickness not exceeding 15 to 20 cm. All this attests to the pres-
ent expansion of southern elements and to the shifting of zonal and sub-
zonal boundaries to the north, which to a certain extent can occur regard-
less of climatic fluctuations.

The problem of studying anthropogenic éffects on the vegetation against
the background of the developing tundra biome constitutes a very promis-
ing basis for combining the representatives of a wide circle of biological
sciences, engineering and technical personnel, investigators of agricul-
tural specialization and physicogeographers. Only overall investigations
can create scientific prerequisites for a full, all-around and stable de-
velopment of the biological resources of the north.
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