
はじめに

本巻では,北方寒冷域の植物の生態,生理,遺伝,微気象,理論モデルなどに関する論

文を特集した.北方寒冷域の植生面積の広い部分を占めるのは北方林である.北方林と

は,一般的には北緯45～70度に存在する森林のことであり,したがって北海道はその南

限にあたるといえる.また,全世界の森林面積約3,900万平方キロメートルのうち,北方

林はその1/3の約1,300万平方キロメートルを占めている.これは,熱帯林の約1,800万

平方キロメートルに次ぐ大面積である.

本巻で具体的に扱う北方寒冷域は,主に北海道とロシア極東である.そこでの主要樹種

であるトウヒ属（エゾマツ,アカエゾマツ）,モミ属（トドマツ）,カラマツ属（カラマ

ツ,グイマツ）などの針葉樹,カバノキ属（ダケカンバ,シラカンバ）,コナラ属（ミズ

ナラ）,ヤマナラシ属（エゾヤマナラシ）などの落葉広葉樹,そして林床のササなどに関

する研究成果を紹介する.さらに北方寒冷域の湿地帯の主要な植物であるミズゴケも取り

上げる.

例えばロシア極東のカムチャツカでは年平均気温が約０℃程度,年降水量が約500mm

程度といったように,北方寒冷域は低温や乾燥という環境条件を特徴とする.本巻では,

そのような環境条件下で植物がどのように生活しているのか,種子繁殖,クローン繁殖

（地下茎などによる繁殖）,光合成,水分生理,環境ストレス応答,耐凍性,個体の生長,

北方林の天然更新,水循環,生物生産,個体群の維持メカニズム,生物多様性,台風や森

林火災などの外部からの撹乱に対する北方林の応答と回復力などについての最近の研究成

果をまとめた.温帯林や熱帯林と比較して,北方林の特異性を理解していただければ幸い

である.

最後になりましたが,論文を執筆していただいた全ての著者の方々と査読者の皆さまに

心より感謝申し上げる.
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Akihiro Sumida ,Valentina Vetrova ,Marina Vyatkina ,Kana Hotta

Fire is a natural component of vegetation dynamics in boreal forests. However, in Far East Russia,

socio-economic changes following the dissolution of the Soviet Union have resulted in increased incidences of
 

human-caused forest fires. Here,we compared the species composition and stand structure among three forest
 

stands at various stages of recovery after fires in Central Kamchatka,to infer how intraspecific differences in
 

regeneration strategies and subsequent patterns of survival affect post-fire forest succession. At 2 years after
 

a fire, sprouted stems of Populus tremula and Betula platyphylla were clustered according to their modes of
 

sprouting;root suckers at the 3-m scale,and stump sprouts at the 0.5-m scale,respectively. At 40 years after
 

a fire,stems of Larix cajanderi originating from seeds were clustered at an 8-m scale. At 200 years after a fire,

clumps of B.platyphylla and L.cajanderi were both randomly distributed and the clumps of B.platyphylla were
 

maintained by sprouting. Bray-Curtis ordination analyses suggested that there may be multiple pathways of
 

post-fire succession depending on the relative survival rates of P.tremula and B.platyphylla. If fire-return
 

intervals become shorter in Central Kamchatka because of more frequent human-caused fires,the population size
 

of L.cajanderi will decrease and early successional forests comprising P.tremula and B.platyphylla will domi-

nate the landscape. On the other hand,if fires are suppressed,late-successional forests comprising L.cajanderi
 

and B.platyphylla will dominate the landscape.

キーワード：森林火災,更新,空間解析,萌芽,植生動態

forest fire,regeneration,spatial analysis,sprouting,vegetation dynamics

石井 弘明 ,本間 航介 ,Dolezal Jiri ,原 登志彦 ,隅田 明洋 ,

Valentina Vetrova ,Marina Vyatkina ,堀田 佳那

北方林において森林火災は重要な自然かく乱であるが,極東ロシアにおいては,ソ連邦崩壊後の社

会経済情勢に変化により,人為的な森林火災が増加している.本研究では,カムチャッカ半島中央部

において火災後の植生回復年数が異なる３か所の林分で調査を行い,構成種による生存率と更新様式

の違いが火災後の植生遷移にどのように影響するかを考察した.火災後２年目の林分では,Populus
 

tremulaと Betula platyphyllaがそれぞれの更新様式（根萌芽および幹萌芽）に応じて,3mおよび

0.5mのスケールで集中分布していた.火災後40年目の林分では,種子由来の Larix cajanderiが8

mのスケールで集中分布していた.火災後200年目の林分では,B.platyphyllaの株と L.cajanderi

がともにランダム分布しており,B.platyphyllaの萌芽は個体群の更新・成長ではなく株の維持を

担っていた.Bray-Curtis法による解析の結果から,火災後の P.tremulaおよび B.platyphyllaの相

対的な生存率の違いによって,二次遷移の方向性が異なる可能性が示唆された.今後,カムチャッカ

半島において人為による火災頻度が高くなれば,P.tremulaおよび B.platyphyllaが優占する遷移初

期の森林が拡大し,L.cajanderiの個体群は減少すると考えられる.一方,火災が抑制されれば,L.

cajanderiおよび B.platyphyllaが優占する遷移後期林が拡大するだろう.

Spatial pattern of post-fire forest succession in
 

Central Kamchatka,Russia

ロシア,カムチャッカ中央部における

火災後の植生遷移の空間パターン
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1. Introduction
 

Forest fire is an important component of vegeta-

tion dynamics in boreal forests(Bradshaw et al.,2009;

Drobyshev et al., 2014;Flannnigan et al., 2009). In
 

Far East Russia, socio-economic changes following
 

the dissolution of the Soviet Union have resulted in
 

increased incidences of human-caused forest fires

(Mollicone et al., 2006). On the Kamchatka Penin-

sula,which is located in the eastern-most part of the
 

Russian Federation,several hundred hectares of bor-

eal forest burn every year. Although forest fires
 

have likely been an inherent component of vegetation
 

dynamics in Kamchatka (Eichhorn,2010),the impact
 

of human-caused fires on future vegetation dynamics
 

is difficult to predict.

Vegetation recovery (secondary succession) fol-

lowing forest fire can vary depending on the intensity
 

of the fire and the extent of the burned area(Kasisch-

ke and Stocks, 2000). These factors affect the sur-

vival and regeneration of tree species and determine
 

the subsequent pattern of secondary succession. In
 

Central Kamchatka, the driest region of the Penin-

sula,late-successional forests are dominated by Picea
 

ajanensis  and Larix cajanderi, while early-

successional forests comprise Betula platyphylla and
 

Populus tremula (Eichhorn,2010;Kojima,1994). The
 

two coniferous species regenerate by seed,while the
 

broad-leaved trees regenerate by both seed and
 

sprouting. B.platyphylla regenerates from stump
 

sprouts, while P.tremula regenerates from root
 

suckers (Homma et al.,2003). Thus,we can expect
 

the spatial distribution of species in a post-fire forest
 

to reflect their respective regeneration strategies. In
 

this study,to infer how species differences in regener-

ation strategies and subsequent patterns of survival
 

affect  post-fire forest  succession, we compared
 

species composition and stand structure among three

 

forest stands at different stages of recovery after fire
 

in Central Kamchatka.

2. Study Site and Methods
 

The study was conducted during 2000 to 2001 in a
 

natural forest in the Central Kamchatka Depression

(56 04′N,160 01′E,70 m a.s.l.,Figure 1). This region
 

is in the driest biogeoclimatic zone in the province

(Krestov,2003). See Homma et al.(2003)for details
 

regarding the study site. We established three study
 

plots in stands at various stages of recovery after fire.

The youngest stand (plot size＝ 100× 100 m) was
 

burned 2 years before the study. The mid-seral stand

(plot size＝ 50× 100 m) was burned ca. 40 years
 

before the study. The oldest stand (plot size＝ 50×

100 m)was burned more than 200 years before the
 

study. All plots had generally flat topography. The
 

stand ages were estimated using increment cores.

We measured the diameter at breast height

(DBH)of all aboveground stems taller than 1.3 m in
 

height. In the 2-yr plot, we measured all standing
 

dead trees. We mapped the position of the base of
 

each stem within the plot using a surveying compass

(S-25,Ushikata Co.Ltd.,Yokohama,Japan). We also
 

counted the number of saplings (seedlings and
 

sprouts＜ 1.3 m height) of P.tremula, B.platyphylla,

and L. cajanderi in each plot (Figure 2).

3. Data Analysis
 

The species composition and stand structure of
 

the three plots were compared using a multi-variate
 

Bray-Curtis ordination analysis (Beals, 1984), which
 

allows a visual comparison of the relative position of
 

each plot along a successional gradient. Both the
 

abundance and basal area of the component species
 

were used in the analysis. The horizontal spatial
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