ABSTRACT

Forest decline has been going on for last decadEsiiope, North America and in
the Russian Far East. This process gives risee@iative ecological and economic
problems. In many countries the monitoring actatihave been undertaken,
including surveys at national and sub-national lle®econsiderable number of the
hypotheses have been proposed as the forest deefisens, but neither has gained
universal recognition. At first time for a main of the decline was taken
industrial pollution of the environment, at presédmiwever, majority of researchers
are inclined to the opinion that both natural amdlstrial causes are to be blamed for
forest decline.

Large-scale forest decline of natural Picea jezigearsd Abies nephrolepis forests
in the Russian Far East has happened repeatedlgpredd all over vast areas. The
first reliable information about it is related t®20s. In succeeding years forest
decline was recorded in 1930s — 1940s in Primongeia 1950s in Priamurye. Once
again forest decline spread all over enormous aofafir-spruce forests in the
Sikhote-Alin during 1970s — 1980s.

The large-scale fir and spruce forest decline glpior Primorye and Priamurye
was not observed in Sakhalin and Kamchatka, as agelh spruce formation in the
northern areas of the Amur Region.

In this work the investigation materials of dedhgiplots of fir-spruce forests in
Primorye Territory and the main results of monigriof fir-spruce forest decline in
the basins of the rivers Svetlaya, Bol'shaya Payad Bdinka are presented. In the
light of global dark-conifer forest deterioratiohet critical review of the previous
investigation is considered.

Picea jezoensis is the principal forest-formingcsge of fir-spruce forests in the
Russian Far East; high hydrophily and low tolerartoe drought conditions
characterise it; horizontal root system makes spratrongly depending upon
temperature and moisture of the soil surface layers

Fir-spruce forest decline has occurred on varidesments of relief (mountain
slopes of different aspects and steepness, plateaufaces, over-flood plain and
transitional terraces in rivers valleys) placedlon different altitude heights (from sea
level to 1000 m).



The declining plots by the extent of tree destarctare divided into: diffusive-
spread (single dry trees and groups of 3-5 trurttaiter-group (groups up to 10-20
dry trees and rather small plots of continuous deladding trees) and continuous
(dead standing groups occupied hundreds and thdsisd#rhectares). Not rare, these
types reflect the successive stages that plotedire have been passing through.

The matters for monitoring were permanent sampteéspéstablished in stands
with the different stages of decline. In most cadeslargest and well-developed fir
and spruce trees with high calendar and ontogeagédie off in first turn.

An age structure of the declining fir-spruce fosastcharacterized by uneven age.
Two types of uneven aged stands are predominatteqglly uneven aged, forming
on habitats with impeded drainage, and relativelgwen aged, having originated
after fires. Large dark-conifer forest areas, fargnby perfectly uneven aged stands,
are less suffered from the decline than even atgettls or closely related to them by
structure.

As a rule, natural regeneration of dark-conifercggein the plots of decline with
predominance of fir and spruce under stand canspsaiisfactory. Dying off and
decomposition of stands are accompanied by diamaatéheight growth increment of
the majority of having been surviving trees and arstbry. That all allows
considering that the large-scale forest declinesdbelepend upon constant habitat
changes to unfavourable for spruce and fir.

Soils under the declining fir-spruce forests ararabterized by extremely acid soll
reaction (especially humus horizons), base-exchaaggration with aluminum and
hydrogen ions, in most cases unfavourable Ca/Mgasim the root horizons, low or
extremely low content of mobile phosphorus, midoilencreased mobile potassium
supply, low nitrogen content, abundance of amorphmampounds of aluminum and
iron, predominance of fulvic acids in the humus position, high accumulation of
zinc, nickel, cobalt and lead in the fine eartho$ffhorus and low level of soil
reaction primarily limit forest growth conditiong/hereas, soil characteristics under
declining forests are not differ essentially framirig stands. This prevents to connect
large-scale fir-spruce forest decline with the peuliarities.

Chemical analyses of the different organs alloweskena conclusion that the
spruce has acute phosphorous deficiency. In soote pisufficient supply of spruce
by nitrogen, magnesium and calcium was observgatucg needles are abundantly

supplied with manganese and zinc, and roots witmedum.



An investigation of chemical composition of solidegipitation in Primorye
(Gladkova et al., 1993) allows concluding that tfa@sference of industrial pollutants
into the regions of growing fir-spruce foreststitakes place has occurred irregularly
and it does not cause any essential changes ofroenvent parameters.
Environmental pollution is not responsible for taeye-scale fir-spruce forest decline.

Analysis of weather-climatic situation during 197894 is evidenced of its
instability. So, on evidence of meteorological istatSosunovo, annual precipitation
during that period varied from 385 mm (1978) to 2X6m (1984), while average
annual precipitation is 585 mm. Air humidity défi@lso was susceptible to
fluctuations. In 1972, 1978, 1985 and 1989 the ib@gg of vegetative season was
clear droughty; air humidity deficit in May-June7®and 1978 was over nearly 60%
in comparison with many years’ duration of averageount. The unfavourable
moistening conditions as a whole was during alletative season of 1972 and 1978-
1979.

The beginning of large-scale fir-spruce forest mheclin the basin of the river
Bol'shaya Peya is going back to early 1970s. In919&s happened a merging of
isolated plots and forest decline spread all ovast werritory. According to the
detection of satellite images, carried out by NisahKamibayashi, in 1983 area of
declined forests range up to 122, in 1986 - 144989 - 189, and in 1991 - 222 km
In the basin of the river Edinka group plots ofefstrdecline were beginning to appear
in 1980, its square gradually increased but schtbendecline didn’t reached size of
the plots as in the basin of the river Bol'shayaa@eThe results of the repeated
inspections of constant sample plots testify tlmmedt decline is going by different
rates, depending on stand condition and influef@xi@rnal factors. Forest plots that
have been occurred on the boundary with clearrggtdried during the investigation
period to a greater degree; its stand practicallgdd In the basin of the river Edinka
declining plots had relatively stable condition.

Collected materials on large-scale forest declinethe Russian Far East
undoubtedly testify that this process is developinder the influence of a complex of
factors of different nature - biotic, abiotic andtl@opogenic. The role of the
individual factors in the forest decline is diffateln this connection all the factors
associated with the forest decline can be divid#d icausing, predisposing and
accompanying (Man’ko, Gladkova, 1995). Among thetdes, causing the large-scale

fir-spruce forest decline in the Russian Far Ehsukl be named first of all drought



that periodically acts on the vast territory. Coesing peculiarities of the main forest
forming species, droughts create stress situatipsthnds which reaction depends on
calendar and ontogenetic age. Furthermore, droutjtats deteriorate stands can
contribute to increase of number of defoliators anghk pests, along with a
development of fungi diseases that affect assimdatystem. These factors can be
related to accompanying but playing a great roléfumctioning” and dynamics of
declining plots.

Stress situation for dark-coniferous species waseaxh by influence of drought
owing to sharp disturbance of water balance ofstneh intensive transpiration of
upper canopy, and not in cause of strong desictatiapper soil horizons to critical
values. High safekeeping of understory and itsnsive growth after forest decline
are demonstrated that.

Under the large-scale fir-spruce forest declinetat@kzation of exchange of
matter and energy happens, which is expressedrhteaof turnover and volume of
products, participating in this process. When istemn forest decline takes place,
volley supply of dead needles occurs, and relativegh increase of other woody
components (bark, knots, trunks and its parts) goesin relatively short period up to
500 kg-h# of nitrogen and ash elements with deadwood may ctmsoil. The
acceleration of forest litter decomposition, changeomposition of lower vegetative
layer, mosaic development of turf process — athee may be considered as positive
features of turnover. However, accumulation of deamtl and woody components in
forest litter influenced negatively on soil conditiof forest growth.

In the development of large-scale fir-spruce forkstline in the region is blamed
for complex of causes as a whole, but instabilityature conditions in a transition
zone from land to ocean should be taken as leaahieg. Especially unfavourable are
drought periods that give rise to stress situat@mnspruce. For the most part forest
decline is developed against the background of hggh of stands, which to a large
degree are struck by rots and fungi diseases. T$tagels are rather common in the
peculiar soil-hydrological conditions.

Fir-spruce forests of the Russian Far East, corisgle¢heir repeated large-scale
declines, are presented a matter of the econonzartiaExistence of vast areas of
nature and virgin forests, which prevailing generathas a high calendar and
ontogenetic age, do not eliminates the possibilitpew large-scale decline in future

under the influence of severe stress factors. Bscatithis, fir-spruce forests ought to



be into the constant view of foresters. First am@rinost forest-managing efforts must
be directed on predisposing factors: reductionhef groportion of mature and over-
mature stands in structure of forests, formatiomofed stands, maintaining of multi-

age of stands, selection of spruce tolerant tesseuation.

Deterioration of dark-conifer forest condition atieir decline has been going on
different continents. Spruce species of differerdl@gy, which above all variously
disposed to warmth and moisture, are susceptibldetdine. Hand in hand with
moisture-loving and relatively warmth-loving spexi@Picea rubens, P. sitchensis)
dies moisture loving, and yet more frost-tolerantjgzoensis as well as P. abies,
which slightly higher tolerant to temperature andisture fluctuations. P. glauca and
its hybrid (P. lutzii) that characterized by wideokgical amplitude also die.
Production as well as natural and virgin forestst, exhibiting direct anthropogenic
influence, are susceptible to decline. Attentiormriawn to the fact that dark-conifer
forests subjected to decline exhibits influencetltd ocean air masses. At least,
natural large-scale forest decline with predomieaat spruce was not noted in the
typical continental areas. This allows proposirgf tihe main cause that gives rise to
large-scale forest decline is instability of weatbkmatic situation in transition zone
from land to ocean. This may be a result of phemamenfluence of EI-Nifio on
atmospheric processes in boreal zone.

Large-scale forest decline of dark-conifer forestsurs not only in the zone of
influence of industrial pollution, but also in theeas free of stable air contamination
(Primorye, Priamyrye, Alaska); this allows to dispdo pollution as additional stress,
superimposing on natural processes.

Dark-conifer forest decline gives rise to essentabnomic and ecological
problems (loss of wood and recreation attractivenesterioration of sanitary and fire
conditions, change of hydrological regimen of tmeaa acute change of the rate of
exchange of matter and energy including oxygenetdn and carbon-accumulation
functions of forests). All of these resulted ircessity of organization of monitoring
of the forests, playing remarkable role in the #itediion of global ecological
situation. Forest deteriorating problem came owmfrnational boundaries and
requires co-ordination of investigations in intdroaal scale; it is possible under the
aegis of IUFRO. The problem has universally biatagjisignificance as well as
associated with stability of nature systems tocth@ngeable environmental conditions

and with the elucidation of causes, and prediabibtinis phenomenon.



Included in further aims, connected with the lasgale dark-conifer forest
decline, it is necessary to name: fundamental stofdyhe main forest-forming
species, looking for biochemical indicators of s¢raituations, searching of methods
of early giving of diagnosis of stand’s weaknessg;rabiological soil characteristics
in the declining stands. Absolutely essential ategrated interdisciplinary research

activities.



