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〈はしがき〉

　　　　　　　　　「アジアの統合植生図化」の研究は，4力国11人のメンバーにより進められ

　　　　　　　　た。現地調査を中心に，衛星データによる，統一的見解の現存植生図を，広域

　　　　　　　　アジアでまず作成することが第一目的であり，また現地の植生情報を可能な

　　　　　　　　限り蓄積することを目的とした。調査中に，年々自然植生が消失していくこと

　　　　　　　　を身にしみて感じている。特に東南アジアでは，近年20年間で大部分の自然

　　　　　　　　林が消失してしまった。植生データは植物の種多様性を示す重要な戸籍簿と

　　　　　　　　なっている。アジアの統合植生図では，2003年の衛星写真を基盤に作成され

　　　　　　　　た最初の植生図でもある。つい身近に起きたミャンマーのハリケーンによる

　　　　　　　　被害や中国四川省の大地震も，実は緑環境の悪化とも比例している。本植生図

　　　　　　　　をさらに精度を高め，広域な環境変化予測，回復に向けて役立てたいと考え

　　　　　　　　ている。
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　Jahres　Tagung　d．　Reih－Tuexen－Gesellschaf㌃，2008，　Hannover

中村幸人・Krestov，　PV：東北アジアのコケモモートウヒクラス針葉樹林の組成と分布，

　第55回目本生態学会全国大会（福岡），2008年3月15日，福岡

持田幸良・村嶋秀明．照葉樹林域における微地形単位ごとの夏緑広葉樹二次林の発達の

　相違，第55回日本生態学会全国大会（福岡），2008年3，月15日，福岡．

村申希望・藤源一給．山口県周東・大島地区における異なる常緑広葉樹林と二次林の植

　生学的研究　第55回日本生態学会全国大会（福岡），2008年3月15目，福岡．

佐藤　謙．北東アジアの高山植生に関する植物地理学的研究，第55回日本生態学会全

　国大会（福岡），2008年3月15臥福岡．

塩野貴之・持田幸良．砂礫地における植生構造と粒度組成の関係一高山風衝砂礫地・
　河床・海浜について一，第55回日本生態学会全国大会（福岡），2008年3，月15目，福岡．

Iv博士論文
王林．中国黒竜江省における落葉広葉樹林の植生生態学的研究．横浜国立大学大学院環
　境情報学府学位論文（博士）．68pp．＋付図（Fig．1－24），付表（Tab．一17）．
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研究成果

研究目的

　研究目的は，期間4年間でアジアの現存植生図を統合し，共通のコンセンサスの凡例

で，縮尺1：7，000，000回植生図を作製することからはじまった．現在アジアで印刷され

ている各国の現存植生図は，それぞれの凡例が，各国の著者により異なっている．それ

らを，共通のコンセンサスで，多くの異なった分野の研究者，行政，教育関係者が利用可

能な情報図を作り上げることを第一の目的として研究が進められた．さらに，現在の気

候，地形，土壌，地質，現在植生を基盤として，人為的影響を停止した際に，理論的に考え

られる土地の潜在能力を植生で示した潜在自然植生図を作製することが第2の目的と

されたが，現存植生図作成に時間がかかり，第1バージョンが今回できた．ヨーロッパ

では各国で作製した現存植生図および自然植生図を，各国統一した共通のコンセンサス

の凡例の下で，各国の植生学者が集合し，植生図及び凡例解説書を20年かけて完成させ

た．さらにロシアが新しい現存植生図をサンクトペテルブルグのコマロフ植物研究所

を中心に完成させた．2003年，ウラジオストックにおけるアジアの植生シンポジウムに

おいて，コマロフ植物研究所のS諭onova博士より，各国の様々な研究分野の共通のコ

ンセンサスの基盤にたったアジアの統一植生図を，特に植生学及び植生図研究が進ん

でいる日本が中心になりまとめて作製しないかという提案により，本計画が申請され

た．幸にも日本学術振興会平成16年度～平成19年度科学研究費補助金基盤研究

（A）（海外学術調査）に採択され，アジアの統合植生図化が開始した．

研究計画実施

2004年（平成16年度）

1．8．月1日～5日　「アジアの統合植生図化ワークショップ」をロシア国サントペテル

スブルグ市コマロフ植物研究所で開催し，日本，中国，ロシア，アメリカの共同研究者によ

り，それぞれの研究紹介と統合植生図についての意見を取り交わした．出席者は日本藤

原，大野，佐藤謙持田，建石，中国：Song，アメリカ：Box，ロシア：S諭onovaおよび研究所所長と

研究スタッフである．2．7月サントペテルスブルグ市の周辺，寒帯南部の常緑針葉樹林，

ボルガ川三三ザン市のナラ林，モンゴルとロシアの境界に発達するステップが調査された．

3．8．月，中村，Krestov班は，東京一新潟一ウラジオストックーカムチャツカーウラジオ

ストックー新潟一東京で調査した．冷温帯北部を含むウラジオストックからハンカ湖へ，

大陸度指数の影響増加に沿ったカンパ類一モンゴリナラ林の植生単位的変化と人為的

影響による動態的変化を調査した．カムチャツカ半島ではペトロパブロフスクから北上

し，北部のクリュチェフスカや火山（4750m）山麓に達する約片道600kmの行程で200地点

に及ぶ植生調査を行った．カムチャツカにおけるバイオームはMesoboreal　zone，

Supraboreal　zone，　Oroborealzone，　Cryoroboreal　zoneに分かれる．また，東部の太平洋沿岸は
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霧の多い冷夏と多雪環境下で海洋性型のOroborealzoneが標高を下げて発達する．4．12

，月，藤源，Box，　Song，　Youは，福州省の大学研究者の協力を得，中国南部福州省の植生調

査・現存植生図のチェックを行った現在中国で出版されている1：100万の現存植生図は，

福州省地域は全く現実と異なり，初期段階からの作成が必要であることが確認された．人

為的影響による低木二次林およびソウシジュの植林のモザイクをどのように示すかが

課題である．5．建石と佐藤浩は，対象地域の植生図作成に必要な広域衛星データの整備

を行った．データは，2003年に観測した米国の地球観測衛星MODISデータを米国地質調

査所から入手し，必要な前処理を行った．

2005年（平成17年度）

1．平成17年度は横浜国大および千葉大に集合し，統合植生図作成の為の話し合いを持ちな

がら，各自分担の植生および地域のグランドトルースと，植生調査資料の収集を行った．

1．植生図に関する討議：第1回の集合は，6．月15日横浜国立大学で，代表者藤原，大野，

持田，中村，佐藤謙，佐藤浩が会し，それぞれ平成17年度の成果および今後の予定，担当

地域における問題点を発表・討議した．佐藤浩よりグランドトルース用の衛星データがそ

れぞれに配分されることが提案された．その後郵便で送られ，現地で確認された．第2回

は，10月i5日～10月17目，札幌において，東京農大に10，月から平成18年3．月まで滞在

するKfestOVを同道し，佐藤謙，中村，藤原で札幌周辺の植生を中心に，植生に関してグラ

ンドトルースの合意を得た．第3回は，平成18年1月5日，来日したBox，　Krestovと，藤

原，大野，中村，持田が千葉大の建石を訪ね，相観による現存植生図の為の凡例統一を行

った．さらに第4回2月27目千葉大に集合し，テキスト地域を選択，植生凡例テキストを

全員で作成する合意した．それぞれ担当地域から凡例地を選択，建石に示し，衛星データ

の配布を得，討議に入った．

2現地植生調査

1）6月中国新彊省植生調査（砂漠および亜高山植生帯）についてSong，　Da，　Box，藤原および地

元新鮮大学が加わり植生調査した．酔歩省の植生図は比較的正しく現地に則していた．2）8

月16日～3月21日中国黒竜江省西北部における調査をYou，藤源で行った．多くが二次林

で占められていた．3）8，月28目～9月8目極東ロシア（プリモリア地方）をKrestovとそのス

タッフ，罪源，佐藤謙により調査した．樹齢200年性の自然保護地で中国東部からの植生

類似性のデータを得た．その後840曰佐藤iが残り，石灰岩地域の植生調査を行い，目本と

の類似性が強いデータを収集した．4）9月6日～9月15目韓国（安東市）を中心に大野およ

び安東大学宋により植生調査が行われた．5）9月10日～9月16目タイ国パンが地域からカ

ノム地域のマレー半島の代償植生およびマングローブ林の確認が藤原により行われた．6）

12．月、B日～12．月27日中国湖南省および重慶市を中心とした常緑広葉樹林地域の自然林調

査および代償景観確認がSong，　Da，　Box，藤原および湖南大学が参加し植生調査を行った．

3．成果発表

平成18年3月24日～28日新潟で開催の国際会議「東アジア生態学会連合」第2回大会に
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おいてシンポジウムを開催，Song，　Da，　Sa倉onova，　Krestov，藤原，大野，中村，建石，佐

藤謙が一同に集合，成果発表をした．

2006年度は現地調査をロシアおよび中国青海省・チベットの高山荒原，ミャンマー北部でお

こなった．さらに千葉大におけるワークショップにおいて凡例検討を行い，モデル図を作成

した．

2006年（平成18年度）

1．7月一8月：ヤクーツクからオイミャコンに至る永久凍土地帯のBoreal　zoneからSubarctic

zoneのダブリアカラマツ針葉樹林帯を植生調査した対象はダブリアカラマツ林，ハイマツ

低木林，氾濫原のカバノキ科低木林，高山植生，高層湿原などであった植生調査資料は合計

193となった．サハリン最高標高にあるロパチナ山系と石灰岩からなるバイダ山の植生は，極

刑の植生と日本の高山・亜高山植生との中間にある地理的位置を反映して，植生地理学的に

両者を繋ぐ特徴を示した．それらの結果は，19年5月22～27日に北京で開催される，中国

生態学会主催の国際シンポジウム，”Eco　Su㎜it　2007”において発表した．2．朔：中国の青海

省とチベット自治区の亜高帯から高山帯の植生調査を行った対象は亜高山帯のモミ属針葉

樹林，カバノキ二二緑：広葉樹林，温帯乾燥草原（ステップ），高山風衝草原，塩生地植生，岩角地植

生など，気候的極相群落，土地的極相群落を抽出した．3．北海道の高山植生を植生地理学的に

まとめたモノグラフ，「北海道高山植生誌」を公表し，その中でロシアの植物相ならびに植生

との比較検討を部分的ではあるが開始した．このモノグラフに示した北海道の植生資料，日

本・ロシア両国の既存研究による資料，さらに本研究によって得られたロシアにおける新し

い資料との比較検討の公表は，19年度の課題としている．4．12月：ミャンマー北部の植生タ

イプ解明調査を行った．ミャンマーの植生タイプはタイ国に類似するが，熱帯林と亜熱帯林

が混在するタイプとした森林型が抽出された．また一部に乾燥林も混在しているが，森林残

存地と破壊地が隣接し，将来性が憂慮される．

2007年度

1．成果発表：5，月24－27日開催の，中国北京におけるEco　SummitO7において，藤；原・Box・

Krestov・Da・中村・大野・佐藤（浩）・持田・肖（建石代理）により1日シンポジウムを開

催し，アジアの統合植生図と，基盤植生情報の報告を行い，約100人の参加を得た．

2．現地調査：1）6，月一7月ロシア国チェルスキを対象として，寒帯よりツンドラ植生帯の

グランドトルースを行った．Krestov，　Box，中村・藤原が参加し，チェルスキ研究所のス

タッフが協力した．チェルスキではカラマツ林および湿原でおおわれ，カラマツ林の面

積が広いことが確認された．二次植生は広い面積を占めない為，植生図には示されな
い．北緯69度まで確認した．2）7月一8．月：Box，　Krestov，佐藤謙，クラノヤルスク研究所協

力によるロシア国サヤン山地植生情報収集，3）8．月：Krestov，佐藤謙，中村幸人，藤原，

クラノヤルスク研究所協力によるロシア国クラノヤルスクーキジルグランドトルースを

行った．本地域ではカラマツ林よりヨーロッパアカマツ林への移行帯となり，西へ移
行することで，カラマツ林がマツ林に変わる．4）9，月一9月：Krestov，大野畔によるアムー

ル川周辺川辺林確認アジアでは面積も狭く，殆ど残存しない川辺林情報を，ロシアで
収集した．5）12月：Box，持田，藤原はラオス大学の協力を得て，ラオス南部を対象とし

たグランドトルースを行った．低地は開発と利用で自然植生が消失しているが，残存す
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る山地常緑広葉樹林まで焼き畑化されている現状であった．

3．ワークショップ1）10月に千葉大において，ロシアのKrestov教授を中心にワークショ

ップを開催，第1回討議を行った．2）その成果を携え，藤原は中国華東師範大学で，中

国を中心とした地域の植生図検討を行い，リモートセンシンググループに伝え，さらに

3）11月，4）12月にワークショップを開催し，植生図の討議を行った．

2007年11，月24日一27日：上海華東大学における植生図検討．宋教授および達教授と藤i原

で討議文献との照合を行った．成果を12月15日のワークショップへ反映した．

2007年11，月15日および12，月15日：千葉大学におけるワークショップで，植生図を検討し
た．

以上の成果と国内調査成果をさらに総合的に検討しながら，アジアの統合植生図化と

植生情報のまとめを行い，以下にアジアの統合植生図：現存植生図と，収集データ解析

および発表論文を研究報告としてまとめた．

終わりに

4年間の海外学術研究を振り返り，収集したデータの重みは重要である，後1年後，あるい

は10年後も残っているかわからない植生データを，コツコツ記録し，悪路を走り，山を登

り，また時にクマに会い，たき火を囲み討論し，群がり寄る蚊の大群で黒くおおわれながら

の調査は，今だからできたのであろう．貴重なデータを印刷・出版し，データベースとして

保管したい．

今後，データ整理および，研究報告の拡充を図り，出版助成金によるまとめを行う予定であ

る．さらに現地データ収集を行い，潜在自然植生のまとめに将来発展させたい．
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Preface

    When European vegetation map appeared in 1997 at the 40th IAVS (Intemational

Vegetation Science) symposium at Ceske Budejovice in Czech Republic, I was shocked to see it.

The map was natural vegetation map, but it was integrated whole Europe. Many scientists from

whole European countries gathered and they had discussed long time. I was thinking whether

we can make an integrated map in whole Asia. We do Bot have enough vegetation scientists in

eachcountryinAsia.Howwecanmakeit? Itwasmyquestion.
    When we had an international symposium in Vladivostok in 2003, Dr. Irina Safronova

showed a large map of whole Russia based on natural vegetation. Then She suggested fbr us to

make an integrated vegetation map in whole Asia. It was my dream and I talked with Japanese

vegetation scientists in this projectto think an integrated vegetation map.

Everybody wondered that we can rnake in limited years. Fortunately one friend ofProf Yljikito

Nakamura, Dr. Pavel Krestov, had good experience and work in the field with him. He offk)red

Far East Russia. Dr. Irina Safronova responses western part ofAsian Russia. Unfbrtunately Dr.

Nikorai Ermakov could not attend field work, but gave us infbrmation in central Asian Russia.

    We had great Prof Ybng-Chan Song and young Pro£ LiangJ'un Da in China. We are
including Prof Elgene Box from USA with his global eyes and experiences to work with Dr. H.

Walter who described `Vk)getation ofworld and ecological systems ofthe geo-biosphere. For the

vegetation mapping, we include remote sensing scientists to know actual green environment

based on vegetation types. The first color page shows the first draft ofintegrated vegetation rRap

ofAsia. It shows most oflowland area as well as mountain area ofChina, Japan and Korea lost

natural vegetation and somewhat we still have Rature in farther high latitude area in Russia.

     Even so, we still could not classified mowing grassland or step, and natural or secondary

deciduous fbrests. Especially European scientists could classified deciduous forest types in

Europe based on Satellite data in late 1990's already. I hope we can classify these vegetation

types next tlme.

Now we understand how we lost natural vegetation in Asia.

Next target is to make a map ofpotential natural vegetation. We had important field data all of

the Asia even not enough are we have. These area should be kept in next century and to keep

record for biodiversity (species richness).

At the last, I would like to say rRany thanks fbr our cooperative scientists: Prof Elgene O. Box

to edit English ofwhole rnanuscripts, and Pro£ Ybng-Chan Song, Prof Liangjun Da, Pro£ Pavel

V Krestov, Dr. Irina Safronova, Assc. Prof Ybu, H.-M. fbr field work and manuscripts, and my

co-workers: Pro£ Yttkito Nakamura, Pro£ Ken Sato, Pro£ R. Tateishi, Dr. Hiroshi Sato, Pro£

YUkira Mochida, and Pro£ Keiichi Ohno.
I also thank fbr many coworkers in Russia, Korea, China, Laos, Thailand, and Myanmar.

Proj ect leader

Kazue Fiij i'wara

May 3l, 2008



I. Asia the Region: Natural Environment and Human Impacts

Elgene O. Box (Department ofGeogrophy, Uiniversity ojCGeorgia, Athens, Georgla, U5L4)

Kazue Fojiwara (Graduate SZrhool ofEnvironment andInjb7mation Scienses, }'bkohama Alkztional

              UiniveTsity)

      Unlike other continents, Asia is defined not only by geological boundaries but also by a traditional,

cultural separation of Europe and Asia, which share the same Eurasian land mass. Even so, Asia is the

world's largest continent and extends almost halfWay around the world, from a small western coastline on

the Mediterranean Sea (about 250E in Turkey) eastward to the Bering Strait (1660W) separating it from

Alaska. Asia also spans almost the entire latitudinal range ofthe Northera Hemisphere, from a northem

coastline in the Arctic zone to islands lying slightly south ofthe equator in Indonesia. Asian superlatives

include the world's

 - highest mountain (Mt. Everest, 8848m) and mountain range (Himalaya);

 - largest highland plateau (Tibet);

 - lowest terrestrial elevation (Dead Sea, -400rn);

 - largest (Caspian Sea, l43,200km2) and deepest (Lake Baikal, 1620m) lakes; and

 - coldest, most continental region except for Antarctica (nertheastern Siberia), with mean

      monthly ternperature ranging from 200C to -600C and extremes to -800C.

as well as

 - one ofthe world's three regions with essentially no rainfa11 (Tarim Basin); and

 - two ofthe world's three stations with over lO meters ofaverage annual rainfa11 (windward

       slopes ofeasternmost India at Cherrapuaji and Yakushima Island ofJapan); and

 -- fbur ofthe world's seven rivers over 5000 km long (YaRgtze, Ob'-Irtysh,

      Yenisey-Angara, and Huang-He).

Asia is also home to some of the oldest human cultures and to areas of very long, continuous human

habitation, especially in the Middle East, India, and Southeast and East Asia.

      Asia represents the largest part of Laurasia, the northern half of the super--continent Pangaea,

which existed in the late Paleozoic and broke up during the Mesozoic (cf Bridges 1990, Raven & Axelrod

1974). Eurasia began to separate from North America around 180 million (m) years ago, but contact was

reestablished in the Cretaceous when Siberia approached Alaska, forming Beringia. Aboutthis time

southwestern Asia also began to be influenced by northward moving Africa, a portion ofGondwana, the

southern part of Pangaea. The present--day geologic and physiographic structure of Asia, however, is

dominated by the Himalayan Mountains and Tibetan Plateau, which arose when India, another piece of

former Gondwana, collided with Asia in the Eocene. In addition to the Himalaya itselC a rnountain node

was created at its western end, from which other major mountain ranges radiate in various directions. The

most important ofthese is the Tien Shan-Altai system, which extends to the north-northeast into Mongolia,

dividing interior, dry temperate Asia into:

 l) a western part, called Middle Asia in Russian literature (essentially Turkestan and the

      Turanian Basin), influenced far iftlaRd by westerly winds from the Mediterranean; and

 2) an eastern part, called Central Asia (essentially the Tibetan plateau and northwestern

      China, plus Mongolia) dominated by the Asian monsoon system.
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Other radial ranges from the central node include the Hindu Kush mountains to the southwest, which

separate Afghanistan from Pakistan; the Paroparnisus and Kopet Dagh further west, which separate

Afghanistan and Iran to the south from Turkestan to the north; and the Kunlun and Karakoram ranges

which run east-west across the Tibetan Plateau. South ofTibet lies the DeccaR PIateau ofpeninsular India,

with its Eastem and higher Western Ghats ranges. Southeast of Tibet, the Yunnan-Guizhou Plateau

(southwestern China) represents an upland transition to still mountainous Southeast Asia, with its Dawna

and Arakan ranges (Burma) and Annamese cordillera.

      In southwestern Asia, the Iranian Plateau (extending into Afghanistan), the Anatolian Plateau of

central Turkey, and the Arabian Plateau (peninsula) have all beeR affected to some extent by the

interaction between Africa and Asia. More linear mountain ranges in Asia include the Urals, the

Hinggan-Ling aRd Changbai-Shan in northeastern China, and the Sikhote Alin, Kamchatkan, and other

ranges ofeastern Siberia. Major interior basins include the Turanian Basin east ofthe Caspian Sea, the

West Siberian Lowland (the world's largest marshland), and the Tarim Basin of Central Asia, Other

lowlands include the densely populated East China Plain and many river valleys ofAsia: Ganga, Indus,

Tigris-Euphrates, Brahmaputra, Irrawaddy, Yangtze, and Huang-He. Less populated lowlands extend

along the Siberian coast (with the Taimyr peninsula) and the valleys ofthe Amur and north-flowing Lena,

Yenisey-Angara, and Ob'-Irtysh rivers. The remaining stmcture ofAsia is provided by the volcanic arcs

forming the Kuril, Japanese, Okinawan, Philippine, and Indonesian archipelagos, along with continental

islands such as Sri Lanka, HaiRan, Taiwan, and the smaller Siberian Arctic islands and Andaman--Nicobar

chain. All of these areas represent regions of localized environmental conditions and ecosystems, with

more or less individual characteristics and diversity.

1) Climate

      The siRgle most important climatic feature ofAsia is the monsoon system, which affects an area

from Japan and northeastern China in the east, through China and Southeast Asia, to India and Sri Lanka

in the south. The cooliRg ofthe vast mid-latitude land mass in the auturrm and winter produces a very large,

stable center of high atmospheric pressure over Mongolia and northem China, which feeds cold, dry air

outward over the rest of East, Southeast, and South Asia throughout the winter. As a result, and aided

perhaps by the many east-west mountain ranges, mean winter temperatures are generally low but extremes

are not far below the means (e.g. Box 1995). In summer, contiflental warrning causes rising air, which

draws wet air masses in off the adjacent Pacific and Indian Oceans. This greatly accentuates the rainier

season which, due to global atmospheric circulation, would occur in summer over most of this area

anyway. The "suminer monsoon" anives as two almost stationary rain fronts which, over the course of

about one month, penetrate from Kerala across the rest ofIndia and from Japan across Kerea into eastern

China. Although the rnonsoon quickly brings warm raiRs to South Asia, it brings a cooler, mistier rainy

season as it crosses Japan into Korea and China. The cold, dry winter is much more reliable than the

suinmer rains. Heavy winter snow can delay the warming of the land mass to such an extent that the

summer monsoon "fails" in places such as India, with disastrous affects on crops.

      The Philippines and East Indies are less atlfected by the monsoon and more by the seasonal shift in

global circulation. Near the equator, warm perhumid conditions continue throughout most of the year,

with only a shert dry season if any at all. The length and degree of the dry $eason increase away from the
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equator, reaching several months in the northern Philippines but also in some eastern parts ofIndonesia.

Southwestem Asia is not affected by the monsoon, although the pervasive effect of subtropical high

pressure does provide a dominant influence on climate as far east as the Thar desert in Pakistan and

western India.

      Northem Asia (Siberia) is dominated by its high latitude and large land area, resulting in

ultra-continental climates with short summers and long severe winter rivaling the northern polar region in

degree ofcold. For further geographic treatment ofthe climatic situation ofAsia, especially ofeastern and

southern Asia, see Suslov (l961), Fukui (l977), Wolfe (l979), Chang (1983), China Natural Geography

(1984), Zhao (1986), Kira (l991), Box (1995).

2) Vegetatien

Vegetation patterns largely follow climate. A world zonation of climates and natural biomes, with

associated variants of the main zonal vegetation type and vertical zonation in mountains, is given in the

fo11owing table, based on the climate types ofHeinrich Walter (cfWalter 1977), as expanded by Box (cf

Box 1995). All ofthese climate zones occur in Asia except Vm (Marine West-CoasO, which is in Europe.

This zonation serves as the initial basis for recognizing landscape regions in Asia.

 Biome Climate pmtssociatedEcosstems MontaneZonation

Tropical I Semi-EG fbrest, drier EG fbrestsParamo
 Rainfbrest and woodlands, scrub, savannas Cloud forest
                                                                  Mont. rainforest

Tropical Deciduous

 Forest and Woodlands

 - Tropical Savanna

Warrn Desert/

Semi-Desert

Mediterranean Forests,

II

II-III

 Woodlands, Shmblands

Temperate Rainforest

(evergreen broad-leaved)

Evergreen "Laurel"

(broad-leaved) Forest

III

IV

Vm

Ve

      Drierraingreen/EGwoodlands, MoistpuRa
thom-scrub,campos,savannas EGmont.forest
                                       Serni--EG forest

      Thorn-scrub

      Xericshmb-steppe,oases,wadis, Drypunagrassland
      sand desert, rock desert, playas Montane scrub

Degraded scrub, shmb-steppe,

sclerophyll savarma-woodland

Summergreen forest,

cool-maritime heaths

Pine woods, summergreen forest,

subtropical rainforest

Dry cushion-scrub

Mont. conif forest

Wet alpine tundra

Subalpine conifers

Alpine tundra

Subalp. conifers

Ment. mixed forest

TemperateDeciduous VI
(summergreen) Forest

Temperate Grassland

(prairie, steppe)

 - Temperate Desert/

  Semi-Desert

VII

VIIa

Pine woods, grasslands,

temperate heaths and wetlands

      Grove belts, riparian forests,

degraded steppes; wetlands

      Riparian woods, sak flats,

      sand and rock deserts

Alpine tundra

      Subalpine conifers

      Mont. mixed forest

      Dry alpine tundra

Subalpine conifers

      Mont.dry conifers
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Boreal Forest VIII
(evergreen coniferous)

Larch fbrest, open conifer woods,

forest-tundra, bogs

Alpine tundra

Polar Tundra IX Riparian/other wetlands,

moss-lichen cold-desert

(EG = evergreen; rnont. == montane)

Some major world and regional vegetation descriptions that pertain to Asia, at least in part, include:

World: SctmithUsen 1968, Eyre l968; Walter 1968, 1973, 1985; hrchibold 1995

Tropics: Schnell 1970-77; wnitmore 1984

Mountains: Chen et al. 1986, Numata 1983; Troll 1959, l972a, 1972b; Ohsawa

Hamilton et al. 1995; Zobel & Singh 1997

1993;

Eurasia (northem): Alekhin 1951 Walter 1974
           '

Asia (dry): Popov 1940, Yunatov 1950, Korovin l961-62, Petrov 1966-67,

Davis et al. 1971, Freitag 1971, Zohary 1974, Breckle 1983, Walter & Box l983

Asia (tropical): Ogawa et al. 1961; Champion et al. 1965, 1968; Williams 1965

Asia (eastem): Wang 1961, Numata et al. I972, Numata 1974; Hou 1979, 1983; Wu
1995; Miyawaki 1980-89; Song i983; Box et al. 1995; Kolbek et al. 2003

1980,

3) Human Impact

   It is difficult to show human impact on a broad-scale vegetation map, especially if the map is based

on physiognorny. Nevertheless, most ofAsia (largely excluding Russia) is covered with substitute

vegetation resulting from hurnan activities. This is especially true in China, Japan, and Southeast Asia.

On the map, these converted landscapes are shown as cultivated area (cropland and paddy field),

needle-leaved evergreen forest (tree plantations) and broad-leaved deciduous forest within the climatic

broad-leaved evergreen fbrest region. Even most ofthe deciduous fbrest in the temperate zone

(Manchuria, Russian Far East, Korea, and northern Japan) is also secondary forest, as determined from

field surveys. Natural fbrests remain oRly in protected areas such as national parks. The fbrests

surrounding cropland are mostly secondary forests to be used fbr firewood or charcoal production.

Especially in China and Southeast Asia, areas ofhigh population density were converted to cropland

and deciduous-forest mosaics. In the boreal zone, broad-leaved deciduous forests result from wildfires.

   In Southeast Asia, most lowland forests (up to 800m) are so-called dry dipterocarp forests, a type

oftropical deciduous forest. Dry dipterocarp fbrests occur Raturally on areas ofshallow soil or on steep

slopes ofhills or mountains. The area ofsuch fbrests is expanded, however, by fire and frequent cutting.

Even many scientists in the tropics and other countries believe that these are the natural vegetation,

even though they are secondary forests, because alreadythe soil has eroded and became shallower, and

the local climate has become drier. There is a good example at Sakaerat in Thailand. A Thai--Japanese

cooperative facility there has kept a fire-free area, in which the typical natural dry evergreen fbrest

remains. The adjacent area is dry dipterocarp forest resulting from fire (see p. OOO).

 From the satellite data, it is difliicult to classify needle-leaved evergreen fbrests as tree plantation or

natural boreal forest. In temperate to subtropical zones, most needle-leaved evergreen fbrests are tree

plantations, involvingPinus, Cmptomerya, Chamaecyparis, Cupressus, etc.

 Scrub occurs mainly in temperate China and in southern Manchuria and Korea. East-central China is

covered by Sophora, Populus, and other scrub for sewings seed er by planted deciduous trees. EveB

secondary deciduous forests in this region are included in scrub.
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   Natural grassland occurs in areas with dry climate. Most grassland is pasture or mowed areas,

especially in central to Far Eastem Russia. Even semi-desert are also mowed in Tibet, Qiltghai,

Inner-Mongolia, etc.

 Human impacts in Asia can be classified into five types: cultivation, cutting, fire, grazing

plantation. We can see how much nature we do not have in Asia by looking at the vegetation map.

and
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II. Study Area, Methodelogy and Data

Elgene O. Box (Department ofGeogrophy, Uhiversity ofGeorgia, Athens, Georgia, usA)

Kazue Fiijiwara (Graduate Sbhool ofEnvironment and bjormation Sciences, Ybkohama AILilional

       U77iye7:sity, fokohama, lapan)

Asia is too large to survey completely in four years. Also, it is simply too dangerous to visit some areas.

So this project focuses on most oftraditional Monsoon Asia (from Japan to Myanmar), adjacent interior

Asia, and northem Eurasia, i.e. all ofRussia (since the old maps also include the European parts). The rest

ofAsia is excluded because it was simply too much fbr this project. A fust next step may be to extend the

classification and maps to the Indian subcontinent and into dry Middle Asia.

      The project involved two main methodologies. The first is extensive field survey ofnatural and

related vegetation in representative areas over as large a part ofAsia as possible. The second methodology

is computer mapping, based on satellite data and first-hand understanding the vegetation, its

environmental relationships, and its dynamics.

1. Field Survey

Some recent large-area field surveys ofvegetation are listed in the following table.

Project Dates Product Publication
VegetationSurveyof 1970s maps:1:1,OOO,OOOseries Beard1974-81
 Westem Australia +1:25e OOO series                                              ,

Vegetation ofChina 1970s map+manual Hou et aL 1979;
                                        book (2 editions) Wu 1980, 1995

Vegetation ofJapan 1980s 10 vols+maps Miyawaki 1980-89
(Al?mpon S7zokusei-Shi) +phytosoc. tables

Vegetationsynthesesin l980s-90s booksofcommunityand Ellenberg1963,
N&centralEurope, (l950-70s) vegetationtypes, Pottl995,
includingtheAlps mainlyphytosociological DierBen1996

EuropeanVegetation 1980s-90s maps:sheets&composite, UdoBohn&team,
Survey handbook, prodromus Rodwell et al. 02

EasternNorthAmerican 1988-90 book Miyawakiet
al.

Vegetation Survey (eds.) 1995
South African 1990s maps and handbook Bredenkamp

Borealandwestem 1990s bookofphytosociological Rivas-Maninez
temperateNorthAmerica communitytypes,+map etal.1999

Such surveys can serve as a usefu1 guide, and some members ofthis project's team have experience with

two ofthese earlier surveys:

 l) the "Vegetation ofJapan" project (Feji'wara, Nakamura, Ohno), which documented all

      vegetation types ofJapan in great detail (Miyawaki, ed., 1980-89); and

 2) the "Eastern North American VegetatioR Survey" (Fvijiwara, Box), which described the

      vegetation ofNorth Arnerica east of the Appalachian Mountains (including eastern Canada and

      the southeastem US west to New Orleans) (Miyawaki et al, eds., 1995).
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In a large-area field survey, the main steps are as follow:

- Identification ofbasic 1 andscape types, over the entire large study area;

- Field study, in representative areas, by full-floristic vegetation sarnpling (Braun-Blanquet releves);

- Data synthesis for understanding ofvegetation cornposition, structure, and dynamics; and'

- Understanding the spatial extent, texture, and scale ofthe various vegetation types and areas -

     which vegetation types can be mapped and which not, at the scale ofthe maps to be produced?

Basic regionalization of vegetation and landscapes is based on the zonal framework shown above in the

section on "Asia the Region". This also led to an initial draft ofthe map legend, in 2004, before extensive

fieldwork began. This legend draft served as the geographic framework guiding the fieldwork and other

efforts to find training sites fbr interpreting the satellite data.

      The field inventory itselfwas performed according to the Braun-Blanquet (cfl964) methodology,

most closely fbllowing the procedures described by Fajiwara (1987). Other descriptions of the basic

rr}ethodology are given by Mueller-Dombois and Ellenberg (1974), Kent and Coker (1992), and Westhoff

and van der Maarel (1973).

      Fieldwork was perfbrmed mainly in the summer but also in autumn and over Christmas breaks, as

time permitted, during the years 20e4-2007. The following areas were studied during the project (by

multiple members ofproject team, unless otherwise indicated):

Russia: southern boreal forests ofSt. Petersburg area, European Russia (July 2004)

nemoral oak forests around Kazan', on the Volga River (August 2004)

meadow-steppe transition on Mongolian border south ofChita (August 2004)

forest in Primorye (August-September 2005)

boreal larch forests and steppes ofultra-continental central Yakutia (July-August 2006)

forests and coastal vegetation ofsouthern Sakhalin (August 2006)

sub-polar woodlands and Arctic tundra ofnortheast Siberia (June-July 2007)

montane forests, steppe and semi-desert, Sayany Mtns., SW Siberia (July-August 2007)

forest vegetation along Amur River (September 2007)

China: warrn-temperate and subtropical forests ofFojian (December 2004)

desert vegetation and montane forests ofDzungaria (Xiaji'ang, June 2005)

semi--desert vegetatioR ofKashgaria and the Tarim Basin (Xiajiang, July 2005)

evergreen and semi-evergreen broad-leaved forests, W Hunan-Chongqing (Dec. 2005)

heavily man-influenced landscapes at Beijing, Linxi, and Xian (June 2006)

montane deciduous and conifer forests of dry-climate Gansu (July 2006)

temperate deciduous forest in Manchuria (August 2006)

alpine tundra in Tibet (September 2006)

Korea forest vegetation along Nakutong River (August 2004)

forest vegetation in southern Korea (September 2005)

SE Asia: mangroves and substitute vegetation in peninsular Thailand (February 2004)

mangrove vegetation in southem Thailand (September 2005)

tropical forests ofnorthem Myanmar (December 2006)

tropical forests ofcentral to southern Laos (December 2007)

Infbrmation was also available frorn earlier work by members ofthe project team. The following areas had

been studied before the project began and were also farniliar; iR some cases field data were available,

sometimes extensive data:

ex-USSR: ByRussiancolleagues:muchofSiberiaandtheRussianFarEast
              (over many years, from l980s onward)

             Kuril and Kommander Islands (September 20e3: Krestov)

By non-Russian team members:

             - forests and coastal areas ofsouthern Primorye (August 2003)
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- boreal fbrests and volcanic areas in southern Kamchatka (August 2003)

- southern boreal fbrests and forest-steppe, Lake Baikal (Aug. 1994: Fng'iwara, Box)

- deciduous forests and sub-Mediterranean vegetation ofthe Crimea (JuRe 1999: Box)

- fbrests, Tatar steppe, xeric woodlands, and mountain vegetation of Georgia

  (Caucasus, June 1999: Fojiwara, Box

- vegetation ofRussian Far East (Sakhalin, Kamchatka, Primorye, Khabarovsk:

   Nakamura, Krestov, 2000 onward)

China: By Chinese colleagues: rnuch of China, especially eastem (from l960s onward)

By non-Chinese team members, with Chinese colleagt}es:

- transitional evergreen and deciduous fbrests ofeastem ChiRa

 (Tiantong, November 1985: Fiijiwara, Box, 1995-1998: Nakamura)

- tropical montane forests and mangroves ofHainan (September 1986: Fiijiwara, Box)

- evergreen broad-leaved and montane forests ofSichuan and Yunnan and of

 Guangdong (autumn 1986 and 1988: Fejiwara, Box)

-vegetation zonation ofthe Changbai-Shan mountains (Septeniber 1992: Box)

-vegetation survey in Shanghai and adjacency (1995-2000: Nakamura)

- deciduous forests, montane larch forests, and Mongolian steppe

 (with pine-fbrest outliers) in Manchuria (June-July 2000: Box, Fvu'iwara)

-deciduous fbrests in Manchuria (2000-2006: Fvljiwara, You)

- Mongolian steppe and dry montane forest, Inner Mongolia (July 2002: Fejiwara, Box)

-dry deciduous fbrests (Inner Mongolia, Gansu, Shanxi, Henan, Hebei, 2000, onward)

-temperate deciduous forests in Beijing and aCljacency (1997-l998: Fvijiwara)

-warm-temperate forests in eastern China (Jiangsu, Shandong, Anhui, 1999-2000:

  F}lj･i'wara, You)

- warm-temperate forests ofeast China (Guizhou & Zhejiang, December 2002)

Japan: All parts and vegetation types, including the Okinawan Islands and Iwo-Jima

and the Ogasawara Islands in the Pacific Ocean (from l970s onward)

Korea: vegetation zonation ofMt. Seolag (Sorak), warm-temperate evergreen and montane

  fbrests ofCheju-d6 island (autumn, late 1980s: Fojiwara, Box)

forest vegetation in South Korea (Ohno, Mochida, and since 2000)

Taiwan: evergreen broad-leaved and montane forests, mangroves, other coastal vegetation

 (Noveimber 1987: FuLjiwara, Box)

forest vegetation in Taiwan (2006: Nakamura)

Himalaya: mountain fbrest zonation (Nepal 2002, Bhutan 2004, 2006: Fvljiwara)

Thailand: forests ofnorthern highlands (1979-1981: Nakamura, Fojiwara)

mangroves (1979-l981: Fojtwara, Nakamura, and since)

Outside study area but instructive:

Malaysia: tropical rainforest ofSarawak, vegetation zonation ofMt. Kinabalu

(summer l990: Box, 1990-2004: Fuijiwara)

Sri Lanka: vegetation ofhighlands, tropical rainfbrest, and coastal vegetation

(August 1982: Box; February 2002: Fojiwara)

Philippines: vegetation survey in southern Luzon (l993, 2008: Fvljiwara)

Japan: project members survey during project years as well as before

Fieldwork during th

this report.

e fbur-year project and before, by team members and other colleagues, resulted into
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2. Symposia and Werkshops

1. Aug. I-5, 2004: Workshop fbr Integrated vegetation mapping in Asia, at Komarov Botanical

       Institute, Saint Petersburg, Russia.

2. Jan. 5, 2005: Workshop in Chiba, Japan.

3. Mar. 25-28, 2006: Symposium oflntegrated vegetation mapping in Asia, Niigata, 3rd EAFES.

4. Jan. 4, 2006: Workshop in Chiba, JapaR.

5. May 22-27, 2007: Symposium ofVegetation in Asia -for sustainable management and restoration,

      Eco-Summit, Beljing, China.

6. 0ct. 15, 2007: Workshop iR Chiba, Japan.

7. 0ct. 2l-22, 2007: Workshop in Shanghai, China.

8. Dec. 15, 2007: Workshop in Chiba, Japan.
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2. Remote sensing analysis

Ryt}taro Tateishi (Centerfor EnvironmentalRemole Sensing, Chlba Uitiversi(M Chiba, lapan)

(1) Satellite data used

   The satellite data used for the vegetation mapping in this project were the Moderate

Resolution Irnaging Spectroradiometer (MODIS) data observed in 2003. The MODIS sensor,

installed on the Terra satellite, was launched into space by NASA in December 1999.

   Table 3.1 shows characteristics of the Terra satellite. The MODIS sensor has 36 bands.

Since bands 1-7 are suitable fbr land applications, these bands were used for this project.

Table 3.2 shows the bandwidth ofbands 1-7.

Table3.l CharacteristicsoftheTerrasatellite

Orbit:

Swath Dimensions:

Size:

Weight:

Quantization:

Spa£ial

ResolutioR:

705 km, 10:30 a.m. descending node, sun-synchronous, nearepolar,

circular

2330 km (cross track) by IO km

LO x L6 x 1.0m
228.7 kg

12 bits

250 m (bands lm2)

500 m (bands 3rm7)

1000 m (bands 8im36)

(along track at Radir)

Table 3.2 Bandwidth ofthe MODIS bands 1-7.

Primary Use

Land/Cloud/Aerosols

 Boundaries

Land/Cloud/Aerosols

    Properties

Band Bandwidth

1

2

3

4

5

6

7

 620 -

 841 -

 459 -

 545 -

1230 -

1628 -

2105 -

 (nm)

670

876

479

565

1250

1652

2155

The source of MODIS data is the "MODIS/TERRA Nadir BRDF- Adjusted Refiectance

16-DAY
 L3 Global 1 KM SIN Grid Product (MOD43B4 NBAR)" frem the U.S. Geological Survey.
The source MODIS data were processed further at the Center fbr Environmental Remote
Sensing (CEReS), Chiba University. This processing included mosaicking, reprojection, and

clearing contamination by cloud pixels. Table 3.3 shows characteristics of the processed

MODIS data at CEReS.
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Table 3.3 Characteristics ofprocessed MODIS data

Characteristics ofprocessed MODIS data (CEReS, Chiba University)

    Spectral Bands: bands 1-7
    Resolution: 32.3748 seconds (approximately 1 kilometer).

    Temporal Compesite: 16-day (see Table 3.4)

    Year: 2003.

    Data FormaV Geo-Tiff.
    Data Type: 16-bit Unsigned.
    Digital Data: O - 32767 (Ocean: 32767).

    Projection: Geographic map projection (Lat/Long).

    Reference Datum: WGS84.
    Geographic region: 5Nim80N latitude 40E-167W longitude
      More accurately

        4059'21"79N- 800OO'O"OON latitude
        39059'6"63E -167000'28"13W longitude
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Table 3.4 Periods ofMODIS composite

PeriodNo.,YearanddayNo. StartDate EndDate

1-2003-Ol 2003-O1-O1 2003-Ol-16

2-2003-17 2003-Ol-17 2003-Ol-31

3-2003-33 2003-02-02 2003-02-17

4-2003-49 2003-02-18 2003-03-05

5-2003-65 2003-03-06 2003-03-21

6-2003-81 2003-03-22 2003-04-06

7-2003-97 2003-04-07 2003-04-22

8-2003-113 2003-04-23 2003-05-08

9-2003-129 2003-05-09 2003-05-24

10-2003-145 2003-05-25 2003-06-09

11-2003-l61 2003-06-10 2003-06-25

12-2003-177 2003-06-26 2003-07-11

13-2003-193 2003-07-12 2003-07-27

14-2003-209 2003-07-28 2003-08-i2

15-2003-225 2003-08-13 2003-08-28

16-2003-241 2003-08-29 2003-09-l3

17-2003-257 2003-09-l4 2003-09-29

18-2003-273 2003-09-30 2003-10-15

19-2003-289 2003-10-16 2003-IO-31

20-2003-305 2003-11-Ol 2003-11-16

21-2003-321 2003-11-17 2003-12-02

22-2003-337 2003-12-03 2003-12-18

23-2003-353 2003-12-19 2003-12-31

(2) Legend fbr vegetation for classification and training data

The vegetation classification system (legend) to be used was prepared originally by Elgene

Box (cf Box 1995, see section on Legend) and modified at team meetings in 2005, 2006, and

2007. Based on this legend, a code for vegetation classes, called the "Box code," was defined,

as shown in Table 3.5. The right-hand columm of the Table shows the number of trainiRg

polygons collected. For example, item 2-1 has 4 training polygons, and 34 training polygons

were collected for item 2 independently. The second level in the Box code was not identified

fbr these 34 polygons. The total number of training polygons was 745. Broad-Leaved
Evergreen Forests (Box code 1), Forest-Steppe Ecotone (Box code 5), Open Water (Box code

15), and Urban Areas (Box code 16) have no training data. Table 3.6 shows a list of each

shape file of training data. Two additional classes, fbr "Mixed forest" and "Cropland/other

vegetation mosaic", were included. These classes are not included in the Box system of
vegetation classes.

Training data were collected mainly by the vegetation scientists, using Landsat images, based

on their experience ofexpedition and their knowledge. Additienal training data were colleted

by Ryutaro Tateishi with his students and by Hiroshi Sato, in order to compensate insufllicient

parts, using Landsat, Google Earth and existing maps. Fig.3.1 shows the distribution of all

training data collected.
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Table 3.5 Box vegetation class code and training polygons

VegetationName

Box

codelst

1eve1

Box
code2nd

1eve1

Numberof
training

polygons

1.BroadrmLeavedEvergreenForests 1

1)TropicalRainforestandseasonalEvergreen
Forest

1-1

2)TropicalDryEvergreenForest 1-2

3)EvergreenBroad-LeavedForest
(subtropical/warmhtemperature)

1-3

2.BroadrmLeavedDeciduousForestsandWoodlands 2 34

1)Betula/Popu7us(boreal)Forests 2-1 4

2)RopulusForests(non-boreal) 2-2

3)TemperateBLmDeciduous(summergreen)Forest 2-3 3

4)SecondaryBL-DeciduousForestinevergreenzone 2-4

5)TemperateMixedForest(BbDeciduous+
Coniferous,e.g.Pi'nuskoreaua)

2-5 5

6)Subboreal/MontaneMixedForest(BLmDeciduous+
Coniferous,e.g.Pinus+Betula)

2-6

7)DeciduousTreePlantation(China) 2-7

8)TropicalDeciduousForestsandWoodlands(e.g.
DryrmDipterocarp,Uaearallga)

2-8

3.Needle-LeavedEvergreenForest(andWoodland) 3 25

l)BorealandsubalpineForests(Pieea,Abies,
etc.)

3-1 1

2)OpenborealTaiga(Picea,Pi'nus,inc.grassy
openconiferstands)

3-2

3)SecondaryPineForests(temperate,
warm-temperate/subtropical)

3-3 17

4)ConiferPlantations(e.g.CTyptoiz7eria,
ChaznaecypaTis,Pi'nus)

3-4 12

4.Needle-LeavedDeciduousForests(andWoodland) 4 20

1)BorealLarchForests(Lat"ix,includingLarix
+Picea)

4-1

2)OpenLarchTaiga(includingLajrix+PYnus
2eumilaundestorey)

4-2 3

3)LarchPlantation(deciduous) 4-3

5.Forest-SteppeEcotone(mainlyPopulustrezz7u!agroves

+grassland)

5

6.Scrubvegetation 6 108

l)ScrubinEvergreenmBroadleafregion
(substitutevegetation)

6-1 26

2)Krummholz(evergreenPi'nuspuma'7a) 6-2 2
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3)Summergreenscrub(subarcticandsubalpine) 6-3

4)Summergreenscrub(temperatesecondaryscrub) 6-4

7.BambooandSasaStands 7

1)BambooForest 7-1 12

2)SasaThickets 7-2

8.GrasslaRdandMeadows 8 139

1)Steppe(typicaltemperategrassland) 8-1 1

2)MontaneGrasslandinwarmerareas(e.g.
impeTata)

8-2

3)MeadowsandPastures 8-3

9.Semi-DesertandDesertVegetation(includingalpine) 9 20

1)SemirmDesertGrassland 9-1 15

10.TundraVegetation 10

1)Dwarf-ShrubTundra(e.g.Salix,Betula,
evergreenEricaceae)

1O-l 9

2)GraminoidTundra(sedges) 1O-2

3)AlpineTundra(generallymixed) 10-3 6

4)AlpineSemi-Desert(e.g.Dicei?t2ra,
Po7ygonum,Papayef,Minuartia,Saxafraga)

1O-4 1

11.WetlandsandRiversideVegetation 11 11

1)Mires(fensandbogs) l1-l

2)WetMeadows 11-2

3)RiparianForests 11-3

4)Mangroveforests 11-4

12.PaddyFields 12 12 l10

13.Cropland 13 13 131

l4.BareLand 14 30

1)Ariddesert 14-1

2)Polarandalpinecelddesert 14-2

3)Icedesert 14-3

15.0penWater 15 15

16.UrbanAreas 16 l6

total 745
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Tab1e 3.6 List of tralnlng shape files

shape
fileNe.

ClassBox
No.Code

Tentativename shapefilename
Collected

by

Nllmberof
polygons
(foreach
shapefiIe)

Number
of

polygons

(foreach
class)

1 722-1 Treeceverbread-leaveddecidueusclesed A64 T 4

2 192 Broad-leaveddeciduousforest EU-N-Forest16 T 7

3 202 Broad-leaveddeciduousforest EU-N-Ferestl7 T 1

4 212 Bread-leaveddecidllousforest EU-N-Forest18 T 13

5 222 Bread-leaveddeciduousforest EU-N-Forest19 T 2

6 252 Broad-leaveddeciduousforest EU-N-Forest23 T 1

7 262 Broad-leaveddecidueusforest EU-N-Ferest24 T 1

46
8 272 Bread-leaveddecidue"sforest EU--N-Forest25 T 2

9 312 Bread-leaveddeciduousforest EU-N-Forest5 T 2

10 942 Tropicaldeciduousforestandwoodland FujiwaraSensei-1 v 4

11 952 Secondarybroad-leaveddeciduousforestinevergreenzone FujiwaraSensei-2 v 1

12 12-3 Broad-leaveddeciduonsforestB B2-3B v 3

13 22-5 Broad-IeaveddeciduousforestC B2-5A v 3

14 32-5 Broad-leaveddeciduousforestD B2-5B v 2

15 43-1 Needle-leavedevergreenforestB Box3--1-BFTEST- v 1

a6 233 Needle-Ieavedevergreenforest EU--N･-Ferest20 r 11

17 243 Needle-}eavedevergreenforest EU-N-Ferest21 lf 1

18 283 Needle-Ieavedevergreenforest EU-N-Forest26 Tgr 2 55

19 733 NeedledeavedevergreenforestC A65 1#r 11

20 53-3 Needle-leavedevergreeAforestC B34-B v 17

21 6234 ConiferPgantations(e.g.Ciyptomeria,Chamaecyparis,Pinus) EUV-N-3-5 v l2



I

--i

o
1

22 74-2 Needle-leaveddecid"ousferestC B4-2-PK v 3

23 294 Needle-leaveddecidueusforest EU-N･-Forest27 rlr 8
23

24 744 Needle-leaveddeciduousforest A69
rlfi]' 12

25 466 Scrubvegetation EU-N-Shrubl rr 10

26 476 Scrubvegetatien EU-N-Shrub2 [l{] 9

27 486 Scrubvegetation EU-N-Shrub3 []{T 5

28 496 Scrubvegetatien EU-N-Shrub4 T 39

29 5e6 Scrubvegetation EU-N-ShrubS T 23

30 516 Scrubvegetation EU-N-Shrub6 rl[s 3

31 866 ScrubvegetatioRA V07P s 10
136

32 876 ScrubvegetationB V08P s 5

33 886 ScrubvegetationC V09P S 4

34 556-1 ScrubiREvergree"-Broadleafregion(substitutevegetatien) EUV･-6-2--2 v 11

35 566-1 ScrubinEvergreen-Broadleafregien(substitutevegetatioR) EUV-6-2-3 v 5

36 636-1 ScrubinEvergreen-Broadleafregion(substitutevegetation) EUV-N--6-21- v 4

37 646-1 ScrubinEvergreen-Broadleafregion(sllbstitutevegetatien) EUV-･N-6-24ww v 6

38 66-2 Scrubvegetation B6-3-F v 2

39 657-1 BambooForest EUV-N-7-1 v 12 12

40 898 GrasslandandMeadows VIOpart s 3

41 328 GrasslandandMeadows EU-N-Herba T 3

42 338 GrasslandandMeadews EU-N-Herb1O r][i 36

43 348 GrasslandandMeadows EU-N-Herbll rlir 2G

44 358 GrasslandandMeadows EU-N-Herb2 T 1
140

45 368 GrasslandandMeadews EU-N-Herb7 lf 3

46 378 GrasslandandMeadows EU-N-Herb8 T 5

47 388 GrasslandandMeadows EU-N-Herb9 lll7 68

48 668-1 Grass}andandMeadows(typicaltemperategrass}and) EUV-N-8-1 v 1



i

No
l

49 89-1 Semi-desertanddesertvegetatienB B9--2IS v 15

50 529 Semi-desertanddesertvegetatien EU-N--Sparse-V-1 r][i 2

51 539 Semi-desertanddesertvegetation EU-N-Sparse-V--3 T 7

52 549 Semi-desertanddesertvegetation EU-N-Sparse-V-4 T 1

35
53 699 Semi-desertanddesertvegetatien Ale6 rf 4

54 929 Semi-desertallddesertvegetatien V23e s 6

55 5710-1 Tundravegetation(e.g.Satix,Betula,evergreenEricaceae) EUV-N-10-1 v 9

56 5810--3 Tundravegetation(generallymixed) E{JV-N-10-31- v 4

57 5910-3 Tundravegetation(generallymixed) EUV-N-10--32- v 2 16

58 6010-4 Tundravegetation(e.g.Dicentra,Polygonum,Papaver,
Minuartia,Scvcafraga)

EUV--N-10-4 v 1

59 6811 Wetland Ale5 gi" 11 11

60 3912 Paddy EU-N-Paddy4 T 58

61 61l2 Paddy EUV-N-12 v 8

62 7112 Paddy(Vietnam) Al15 T 2

63 76a2 Paddy A88 T 22 11e

64 8112 PaddyA VO1P s 16

65 8212 PaddyB V02P s 1

66 9312 PaddyC V3 s 3

67 913 Cropland EU-N-Crople T 19 131

68 1013 Crepland EU-N-Cropla T 18

69 1113 Cropland EU-N-Crop12 [llr 3

70 1213 Crepland EU-N-Crep4 rT 1

71 1313 Cropland EU-N-Crep5 T 5

72 14l3 Cropland EU-N--Crop6 T 10

73 1513 Cropland EU-N--Crop9 T 13

74 7013 Crepland AllO T 3



l

N-
I

75 7S13 CroplandIAdiaA A81 T 20

76 8313 CroplandA V04P s 21

77 8413 CroplandB V05P s 11

78 8513 CroplandC VO6Part S 7

79 4e14 Bareland EU-N-SandOl [l{i 1

80 4114 BareIand EU-N-Sand02 T 1

81 4214 Baregand EU-N-Sand03 []f 1

82 4314 Bareland(Sand) EU-N-Sand4 T 1

83 4414 Bareland(Sand) EU-N-Sand5 T 1

84 4514 Bareland EU-N-Sand6 r}F 1

85 6714 Bareland AIOO T 1 30

86 7714 Bareland A95 rlir 1

87 7814 Bareland A96 [lr 1

88 7914 BareIand A97 T 2

89 8014 Bareland A98 T 5

90 9014 BarelaRd Vl7P s 6

91 9114 Bareland V18P S 8

92 30added Mixedferest EU-N-Forest28 rlr 1 a

93 16added Cropland/ethervegetationmosaic EU-N-Crop/others3 T 1

94 17added Crepland1othervegetationmosaic EU-N-Crop!others4 f 1 13

95 a8added Cropland/ethervegetationmosaic EU-N-Croplothers5 rlEr 11

1[rotaR 759 759

v:

S:

T:

collected by vegetation scientists

collected by Hiroshi Sato

collected by Ryutaro Tateishi
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(3) Classification

The maximum-likelihood method of the commercial remote-sensing software package ENVI

was applied for vegetation classification of the MODIS data. Bands 1-7 and the
Normalized-Difference Vegetation Index (NDVI) derived from Bands 1 and 2 were used for
classification.

NDVI-(Band2 - Band 1)/(Band2 +Band 1)

As shown in Table 3.4, the processed MODIS data consist of23 periods of16--day composites. Within

the 23 periods, periods l, 4, 7, 1O, 13, 16, 19 and 22 were used fbr classification.

m

C. Vegetation survey results

   i Integratedvegetationmap

According to the method described in "3. Remote sensing analysis", the vegetation of Asia

was classified using the MODIS data, as shown in Fig.Ci-1.

Fig.Ci-2(1) -- Fig.Ci-2(7) shows detailed classification results fbr 95 training classes. The

numbers of the legend items in the figures are the "Class No." in Table 3.6 (second column

from the left).
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The Figures Ci--2(1) through Ci-2(7)

classes. The numbers shown in the
column from the left in Table 3.6.

above show detailed classification results for 95 training

 figures represent the "class no." given in the second

Since the classificatien results shown on the various maps (composite in Figure Ci-1 and

individual vegetation types in Figure Ci-2) did not agree very well with some well known

vegetation patterns, another methodology was tried. In order to constrain the determination of

some vegetation types, source data from the global land-cover map GLCNMO (website:

mpttt // /)were used as a mask. The discrepancies were especially apparent in
the high latitudes. The resulting vegetation map was thus modified as fo11ows.

(1)"Broad-leaved deciduous fbrest" was divided, based on geographic location, into

   "Temperate BL-Deciduous (Summergreen) fbrest" and "Tropical Deciduous Forests and

   Woodlands".

(2) "Needle-Leaved Evergreen forest (and Woodland)" and "Needle-Leaved Deciduous
   Forest (and woodland)" were reclassified using the Normalized Difference Vegetation

   Index (NDVI) of September 2003 from the MODIS data. If September NDVI was larger

   than O.45, the vegetation was assumed to be evergreen coRiferous and the pixel was

   assigned to "Needle--Leaved Evergreen Forest"; if smaller than O.45, the vegetation was

   assumed to be larch, and the pixel was assigned to "Needle-Leaved Deciduous Forests".

   With this modification, NL deciduous forest appears in the ultracontinental eastern part of

   boreal Eurasia and NL evergreen in the less severe western part.

(3) Tundra vegetation was divided iRto three types: grassy, shrubby and sparse. High-latitude

   pixels already classified as grassland in Figure Ci--1 were assigned to "Grassy Tundra";

   similarly, high-latitude pixels already classified as slrmb vegetation in Figure Ci-1 were

   assigned to "Shrubby Tundra". Pixels identified as sparse vegetation in the northern part

   ofthe GLCNMO map were assigned to "Sparse Tundra".

(4) Wetlands in China were added by extracting from Google Earth imagery, with the
   reference of the "Vegetation Atlas of China" (1:1,OOO,OOO; Science Press, Beljing China

   2001)

The final version ofthis first attempt at an Integrated Vegetation Map ofAsia is shown on the

cover page. The vegetation classes for this final version are shown below.
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No. VeetationClass ShertName
1 EvergreenBroad-LeavedForests EvergreenBLForest
2 DeciduousBroadrmLeavedForestsandWoodlands
2.1 SurnmergreenDeciduousForestsandWoodlands

(temperate)

SummergreenForest/Woodland

2.2 RaingreenDeciduousForestsandWoodlands
(tropical)

RaingreenForest/Woodland

3 EvergreenNeedle-LeavedForestsandWoodlands EvergreenConifer
Forest/Woodland

4 DeciduousNeedle-LeavedForestsandWoodlands
(Larch)

LarchForest/Woodland

5 Scrubvegetation Scrub

6 GrasslandandMeadows Grass1and

7 Semi-DesertandDesertVegetation Semi-Desert/DesertVegetation
8 TundraVegetation(includingalpine)
8.1 GrassyTundra GrassyTundra
8.2 ShrubbyTundra ShrubbyTundra
8.3 SparseTundra SparseTundra
9 Wetlands Wetlands

10 Mangrove Mangrove
11 PaddyFields PaddyFields
12 Cropland
12.1 Cropland Crop1and

12.2 CroplandMosaic CroplandMosaic
13 BareLand(novegetatien,includingariddesert) BareLand
14 IceDesert Ice

15 OpenWater Water

16 UrbanAreas Urban
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3. Vegetatien Maps

   a. Some Existing General Vegetation Maps

Elgene O. Box (Department ofGeogrophy, Uhiversity ofGeorgia, Alhens, Georgia, UIS14)

This will be an ongoing project with many products, some in multiple iterations. A major product, the

satellite-based Integrated Vegetation Map of Asia, merges national and other more local classifications

and maps that were based mostly on fieldwork and geographic inference.

This section lists some of the existing vegetation rnaps that were known to us early in the process of

developing the integrated classification and map. The first, short list is ofexisting large-area maps made at

least partly from satellite data.

Region Data
World GVI
United States TM
NorthAmerica MODIS

East Asia ?
The early world map by Tateishi

vegetation types into similar

(biologically blin

reasonable world vegetation map

however, suffk)r from the "

levels in winter.

Some existing ve

1. Seviet Unien

Mapping Objective

vegetatlon types

land cover types

land cover types

vegetatlon types

vegetatlon types

Publicatien

Tateishi & Kajiwara 1991

Loveland et al. 1991

Strahler et al. I999

Eur. Veg. Survey team

Seong et al. (unpublished)

                           & Kajiwara is noteworthy in that it did not put Northern Hemisphere

                          geographic positions in the Southern Hemisphere just because the
              d) statistical clustering algorithrn suggested similarity. In this sense, this was the first

                            derived from satellite data. Both it and the North American map,

                       high-latitude problem," i.e. the inability to recognize green vegetation

(evergreen boreal conifer forest) as far north as it actually occurs due to the low sun angle and low light

getation maps ofparts ofAsia are identified in the following sections.

The former Soviet Union produced a great many vegetation maps ofall or parts ofits vast territory, and it

is because of this that our Integrated Vegetation Map extends westward into Europe (to the Caucasus,

Ukraine, and European Russia). We were able to view many ofthese existing Soviet-era maps at a team

workshop in St. Petersburg (Russia) in 2005, organized by team member Irina Safronova. In the next

section (II.3.b), she describes the Russian approach to vegetation mapping in general, especially at broad

scales, and provides a lengthy list of maps. At the time of our workshop she also provided the fbllowing

maps for our use.

Isachenko, T. I., and E. M. Lavrenko (general eds.) and Editorial Group l974. Karta Rastitel'nosti

      Evropeyckoy Chasti SSSR [Vegetation ofthe European Parts ofthe USSR]. Scale 1:2,500,OOO

       (4 sheets). Akademiya Nauk Soyuza SSR, Botanicheskiy Instimt im. V. L. Komarova [Komarov

      Botanical Institute, Soviet Acaderny ofSciences], Leningrad.

Isachenko, T. I., and S. A. Gribovoy (content) 1977. Rastitel'nost' SSSR [Vegetation ofUSSR]

       (with map of soils on reverse side). Scale l:25,OOO,OOO. In: Bol'shaya Sovyetskaya
      Entsiklopediya [Soviet Encyclopedia], vol. 24-II. NRKCh GUGK, July 1976, Moskva.

Gribova, S. A., and R. Neuhausl (eds.) 1989. Reconstmcted Vegetation ofCentral and Eastem

      Europe. Scale 1:2,500,OOO (6 sheets plus legend sheets). Published with UINESCO assistance.

      Komarov Botanical Institute, Russian Academy of Sciences, Leningrad.

"Zony Rastitel'nosti SSSR", 1:5,OOO,OOO, 1966, 4 sheets.

"Karta Rastitel'nosti SSSR", 1:4,OOO,OOO, 1955, 6 sheets.
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2．China

Except　fbr　the　first　entry，　the　fbllowing　list　is　fヒ。加team　member　Song　Yongchang．

KUchler，　A．　W．1948．　A　new　vegetation　map　of　Manchuria．　Ecologソ，29：513－516．

醐恣刃（Hou　xueyu）1960．中国的植被，附圏・中国植被圏（1：800万），北京，人民教育

　　　　　　　出版産．Vegeta重ion　of　China．　Attachment：Vegetation　lnap　of　China（1：8，000，000），　Be導ing：

　　　　　　　People’s　Education　Publisher．

蠣恣刃（HOU　Xueyu），胡式之（HU　Shizhi），隊昌笥（CHEN　Changdu），　and門門逮（HE　Miaoguang）

　　　　　　　1965．中国油滴圏（1：10，000，000）及中国植被区剣圏（1：15，000，000），

　　　　　　　載：中隼人民共和国自然地図集，北京，地團出版産．Vegetation　map　of　China

　　　　　　　（1：10，000，000）and　Vege宅ation　regio捻alization　map　of　China（1：15，000，000）．

　　　　　　　In：［Atlas　of　China］．　Be堺ng：Geographical　Map　Press．（ln　Chinese）

征猛主編（WU　Zhengyi，　ed．）1980．中国植被，附團，中国植二二（1：10，000，000），北京，

　　　　　　　科学出版産［Vegetation　of　China］．　A重tachment：Vege£ation　Map　ofChina（1：10，000，000）．

　　　　　　　Be茸ing：Science　Press．（ln　Chinese）

醐恣刃主編（HOU　Xueyu，ed．）1982．中隼人民共和国植被圏（1：4，000，000），北京，地圏

　　　　　　　出版産．Vegetation　Map　ofthe　People’s　Republic　of　China（1：4，000，000）．　Be類ing：

　　　　　　　Geographical　Map　Press．（ln　Chinese，　with　legend　in　Chinese　and　English）；1s重ed．1979，　wi重h

　　　　　　　separate　legend　manual（Chinese　and　Enghsh　versions，12pp）．

HOU　Xueyu　l　983．　Vege重ation　of　China　with　refbrence　to　its　geographical　distribution．　Attachment：

　　　　　　　Vegetation　map　of　China（1：14，000，000）．　Annals　Missouri　Botan．　Garden，70：509－548．

中国科学院中国鰍醐骸員遺編（Editorial　Co㎜it紬r　Chinese　Vegetation　Map，　Chinese

　　　　　　　Academy　of　Science，　ed．）2000．中国植被團集（1：1，000，000），北京，科学出版産．

　　　　　　　Vegeta重ion　Atlas　of　China（1：1，000，000）．　Beijing：Science　Press．（In　Chinese，　with　English

　　　　　　　abstract）．

3Japan

Alist　of　vegetation　maps　made　fbr　parts　of　Japan　would　be　almost　endless，　bu貫here　are　relatively　fbw

maps　ofthe　whole　archipelago．　One　of亡he　best㎞own，重hough　not　large，　is　the　fbllowing．

Miyawaki，　A．1979．　Vegetation　und　Vegetationska貢en　auf　den　Japanischen　Inseln．　In：陀gθ磁∫oη

　　　　　　朔ゴ加η誘。φ鈎ραη5，pp．49－70．　Bulletin　of　Yokohama　Phytosoc．　Soc．　Japan，　vol．16，（2　maps：

　　　　　　potential＆actual　vegetation）．

Some　other　maps　are　identified　below　by　Kazue　F唾wara．

Honda，　S．1912．　Map　of　fbrest　zonation（1：8，000，000）．　In：［．Foアε5～zo伽ノ。η（ゾ」4ρoη］（In　Japanese）

Miyawaki，　A．，　and　S．　Itow　1966．　The　potential　Natural　vegetation　of　Japan（1：9，120，000）．　In：

　　　　　Phytosociological　apProach　to　the　conservation　of　nature　and　natural　resources　in　Japan，
　　　　　Divisional　meeting　of　Conservation，毛he　l　l　th　Pacific　Science　Congress，　Tokyo．

Suzuki，　T．1966．　Vegetation　of　Japan（ca　1：5，300，000）．　Pθ（表）10g競，10（2）．

H：orikawa，　Y．1968．　Vegetation　of　Japan（1：5000，000）．　Bulletin　of　Yasuda　Women’s　University，

　　　　　　vol．2．
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Suzaki, T. 1972. Vegetation (1:2,OOO,OOO). In:

Environment.

Forest Environment Map of Japan. Society of Forest

Miyawaki, A., Y. Sasaki, S. Okuda, H. Harada, K. Fejiwara, K Suzuki and K. Hotta 1974.

       [Phytosociological examination for constmction ofenvironmental protection forests of

      a school.] Inst. ofEnvironmental Science and Technokogy, Yokohama National

      University. (In Japanese)

Yoshioka, K. 1974. Vegetation map ofJapan. In: 71Vze FZora and J7egetalion oflapan. (M. Numata, ed.).

Miyawaki, A., and S. Okuda 1975. Potential natural vegetation map ofJapan (ca 1:4,OOO,OOO).

      In: H. Hamaya 1975. 7VLiture oflapan I.

Miyawaki, A., and S. Okuda 1975. Actual vegetation map ofJapan (ca l:4,OOO,OOO).

      In: H. Hamaya 1975. AiLiture ofLlapan II.

Miyawaki, A., and S. Okuda 1983. Actual vegetation map ofJapan (ca 1:6,OOO,OOO). In: Hbndbook of

      lapanese Vizgetation (A. Miyawaki, S. Okuda and R. Ftijiwara, eds.). Shibundo.

Miyawaki, A., and S. Okuda, K. Fojiwara, K. Suzuki and Y. Sasaki 1983. Potential natural vegetation map

      ofJapan (ca 1:6,OOO,OOO).

Miyawaki, A., and K. Fejiwara l988. Map of the actual vegetation ofJapan (ca 10,OOO,OOO), in chapter

      Vegetation Mapping in Japan; in: J7egetation mapping (A. W. KUchler and I. S. Zormeveld, eds.).

      Kluwer Academic Publisher.

4. 0ther Areas

In addition we also foun

Region

Continents

(individually)

Continents

(individually)

Arctic

Mongolia

SE Asia

SE Asia

India

Sri Lanka

d some of the following maps quite usefu1.

Author(s) Pllblication

Eyre 1968 V22getation and Soi

ScimithUsen l976

Walker & CAVM
Mapping Team 2003

Sokolov et al. 1995

1964

US Central Intelligence

Agency 1970

Institut Frangais

de Pondichery l961-

Fernando l968

ls, a Jva)rldPicture

Atlas zur Biogeographie

Circuiupolar Arctic Vegetation Map

(1:7,500,OOO)

Ecosystems ofMongolia (1:1,OOO,OOO)

Atlas ofSbutheastAsia

Iitdochina Atlas 7970

Cartes de la Vegetation de 1'Inde

7;Pze ?Vatural J7izgetation ofCeylon
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5. Werld Vegetation from Models

Begirming in the early 1990s it became possible to produce general world maps ofpotential vegetation

regions using climatic envelope or other kinds of models. Experience with this kind of.modeling and

mapping (see Box 1995) provided the initial draft of the map legend as well as insight and a geographic

framework for understanding vegetation-climate relationships in general.

References
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Eyre, S. R. 1968. Vegetation andSoils, a vabrldPicture. 2nd ed. Chicago.
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b. Zonation and mapping in former Soviet UnioR

Safronova Irina (Komarov Botanical institute of Russian AcacienzJ7 ojCS℃iences, St.-Petersbuqg) Russia)

      Botanical-geographic maps synthesize data on vegetation cover pronouncedly (markedly) and

capaciously. They clearly show the coenotic diversity fbrmed duiring historical development of

territories and the special regularities infiuenced by modern natural processes as well as changes

induced by man's activities. Small-scale maps are a fundamental basis for better understanding of

ecological processes.

      There are many survey and regional vegetation rnaps of Russia and neighbouring countries.

Among the most significant small-scale rnaps are:

   Map ofgeobotanical subdivision ofthe USSR, 1:10 OOO OOO (Lavrenko, ed., 1947)

   Geobotanical map ofthe USSR, 1:4 OOO OOO (Lavrenko, Sochava, eds., l954)

   Map ofbotanical--geographic dominions (Lavrenko, 1964)

   Map ofWorld vegetation (Sochava, 1964)

   Vegetation map ofAsia (Lukicheva, 1964 a)

   Vegetation map ofnorthern Asia within the USSR (Lukicheva, 1964 b)

   Vegetation map ofthe South ofEastem Siberia (Belov, ed., 1972)

    Vegetation map ofthe West Siberian plain (Iljina, ed., l976)

   Vegetation map ofthe Arctic (Gribova, l985)

    Vegetation map of the USSR for higher schools, 1:4 OOO OOO (Belov and all, 1990)

   Vegetation map ofKazakhstan and Middle Asia, l:2 500 OOO (Lytvinova et al. 1995a,b;

    Rachkovskaya et al.,2003; Safronova 2004)

   The zones and altitudinal belts (Ogureeva, ed., 1999; Safronova et al., 1999)

   Circumpolar map ofthe Arctic (2003)

   Vegetation map ofRussia 1:l5 OOO OOO (Yurkovskaya and all, 2002, 2006, 2007).

      Modem small-scale vegetation maps contain much information, revealing the zonal, altitudinal

and regional features of the territories mapped. Zonal (latitudinal) and altitudinal features are

determined by changes of solar and thermal climatic conditions. Regional features depend on the

degree ofclimatic continentality. Special attention is given to revealing the topographical diversity of

vegetation in relation to physiographic conditions, and to showing vegetation structure and present

dynamic status under natural and anthropogenic factors.

      Traditionally in the Russian school of geobotanical mapping, the map legends are constructed

according to the regional-typological principle (Sochava, 1961, 1979), whereby a muki-level system

of subtitles is used that permits the vegetation characteristics to refiect the diversity of environmental

conditions and peculiar features ofthe various regions.

      Zonality is the essential geographic regularity to which the natural ecosystems are
subordinated. Latitudinal changes of the bioclimatic indices, especially quantity and interrelationships

ofwami and humidity, determine the zonal regularities ofthe vegetation cover.

      The zone is the largest latitudinal subdivision of the vegetation cover. It reveals itself

sufficiently well on relatively fiat terrain and is distinguished by dominance ofone or several types of

vegetation corresponding to the zonal climatic conditions. Of course there are in each zone plant

communities that belong to other types of vegetation. Usually these accompany the main type, but

they may also dominate locally, as for instance the mire vegetation in the taiga zone ofwestern Siberia.
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      The subzone is the next highest category and reflects latitudinal changes within the zone. It is

distinguished through differences in vegetation typology and structure, and is characterized by definite

ecotypes of vegetation, such as pelitophytic types on loamy soils, hemipsammophytic types on loamy

sand soils, psammophytic types on sand soils and sands, and hemipetrophytic and petrophytic types on

skeletal and stony soils. The corriposition and participation of these ecotypes are different in the

diffbrent subzones.

      From west to east across Russia, the ecotypes are subjected to regional changes which are

characterized by the presence or absence of differential species and by changes of the species' roles in

the vegetation cover.

      In the tenitory of Russia and its neighboring countries, from north to south the sequence of

vegetation zones is as fo11ows: tundra, taiga, broad-leaved forest, forest-steppe, steppe, semi-desert,

and desert.

      The tndra zone is represented by four subzones in Russia. Its characteristics features are: the

lack of a tree layer; the significant role of small woody plants (shrubs, stlaniks, and dwarf shrubs)

which grow slowly, have long lifespans, and are often evergreen; and the high participation ofmosses

and lichens. The islands of the Arctic Ocean (the Franz-Joseph-Land Archipelago, the northern island

of Novaya Zemlya, and the Sevemaya Zemlya Archipelago) are occupied by High Arctic Tundra,

which is the northemrnost type of tundra vegetation. This is dominated by herbaceous perennial

vascular plants, but the plant cover is almost fragmentary and considerable areas are covered by ice.

      To the south this gives way to typical Arctic tundra, in which a significant role belongs to

prostrate dwarfshrubs, such as species ofthe genera Sblix, and Dryas. Southward the communities of

northern hypo-Arctic tundra with hemi--prostrate dwarf shrubs predominate, and further south this

northern hypo-Arctic tundra is replaced by a southern hypo-Arctic tundras with shrub aRd tussock

communities. From west to east, each subzone is divided into geographic variants peculiar to Europe

or to West, Central or East Siberia or Chukotka.

      In the taiga zone the boreal vegetation of spruce, fir, Siberian dwaripine, pine and larch

fbrests predominates. The zone is subdivided into,five subzones.

      In the northern subzone open woodlands combine with southern hypo-Arctic tundra to
produce a forest-tundra subzone, within which six geographic variants are distinguished. In the

Europaean fbrest-tundra, the open woodlands are dominated by spruce widely distributed. In the

Siberian sector the larch woodlands cover large areas (Larix sibirica in West Siberia, L. gmelinii in

Central Siberia, and L. cojanderi in East Siberia). In Kamchatka the original vegetation is woodlands

ofBetula ermanii.

      The north taiga vegetation coRsists of sparse, needle-leaved coniferous forests with ground

covers of dwarf shrubs, lichens and moss under the tree cover. In the west of this subzone the pine

forests dominate uRder spruce fbrests. In the Ural region spruce fbrests play the main role. The

Siberian north taiga is characterized by the increasing dominance of larch forests, from west to east.

In West Siberia the main dominant is Larix sibirica, in Central Siberia it is Larix gmelinii, and in East

Siberia and Chukotka the dominants are Larix gmelinii and L. cojancleri. In the oceanic climate of

Kamchatka Peninsula, Betula ermanii is characteristic.

      The fbrests of the middle taiga subzone have ground covers of dwarf shrubs and small herbs

and moss. This subzone is the widest in north-south extent. Characteristic features of the taiga in

general are expressed most completely in this subzone. The diversity ofvegetation cover is presented

here by eight geographic variants. In the Ural region, forests ofPinus sibiriea appear for the first time

(eastward), as well as forests with two co-dominants: spruce-fir, Siberian pine-spruce, and Siberian

pine-common pine. Dark spruce-Siberian pine coniferous fbrests predominate in West Siberia. Larch

forests prevail east of the Yenisey River: Larix sibirica in West Siberia, which gives way further east

to L. gmelinii. In East Siberia Betula ccy'ancieri also plays a notable role. Forests of the Far East are

peculiar, with Larix cojanderi, Betula mandshurlca, B. divaricata, and Rhodociendron {iauricblm. The

fbrests of Sakhalin consist of species with limited ranges: Abies sachalinensis and Larix kamtschatica.

      The south taiga subzone is characterized by coniferous forests with a ground layer of Remoral

elements. The understorey is more diverse, a layer of herbs and dwarf shrubs is well developed, and

the moss cover is fragmentary. There are five geographic variants, differing by distribution of

dominant tree species. The southem fringe of the taiga zone (subtaiga zone) is represented in West
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Siberia by small-leaved forests with a fbrb-grass ground layer and in Europe and the Far East by

rnixed (broad-leaved plus coniferous) and more complicated forests.

      In the Ural region the subtaiga differs from that ofeastern Europe by the absence oflq>'axinus

exeelsior and the presence of Abies sibirica, as well as by the eastwardly increasing ,role of 7-71ia

cordota. West Siberian subtaiga contains Betula pendula and Populus tremula. The East-Siberian

subtaiga is richer than that of Central Siberia and contains euercus mongolica and Betula ciavurica,

which appear together with Pinus sylvestris and Larix gmelinii. The Far East (Manchurian) subtaiga

has a special composition oftree species: Picea cu'anensis, Abies nephrolezpis, 2uercus mongolica and

Betula clavurica.

      To the south of the taiga zone is the broad-leaved fbrest zone, with fbrests of beech, oak,

hornbeam-oak, and lime (basswood), with or without participation of coniferous trees. This zone

extends across European Russia up to the Ural Mountains, is missing in Siberia, and then appears

anew in the Russian Far East. In the west of this zone, 2uercus robur, Carpinus betulus and Eagus

sylvatica are important in these fbrests, while in eastern Europe the beech and hornbeam are absent,

with greater importance of euercus robuL Acer platanoides, F>"axinus excelsior and 7ilia corciata.

The importance of 7ilia increases in the Trans-Volga region. The Far East fbrests include the main

Manchurian species: euercus mongolica, 7ilia amurensis, and Pinus koraiensis.

      The fbrest-steppe zone is a combination of meadow-steppes and fbrests, which often
interdigitate in complex mosaics. The fbrests are broad-leaved in European Russia (2uercus petraea

and Carpinus caucasica) and in the Far East (2uercus mongolica aRd Tilia amurensis) but small-

leaved (Betula pendula and Populus tremula) with conifers (Larix sibirica and Pinus sylvestris) in

West Siberia.

      South of the fbres"steppe zone is the steppe zone. Steppe vegetation includes plant
communities of more or less xerophilous, microthermic herbaceous plants. Tufted grasses of the

genera Stipa, Festuca, Agropyron, Koeleria, Poa, Cleistogenes, and Hkilictotrichon predominate, but

forb communities (ofgenera Galatella, 7bnacetum, etc.) as well as communities ofdwarfsemi-shrubs

(genera Artemisia, 71hymus, etc.) and of shrubs (genera E2]iraea, C27ragana, Cerasus, Prunus,
AnzJ?gdolus, etc.) are also characteristic. Steppe plant communities are predominant.

      In the northern steppe subzone, one finds in particular steppes of fbrbs, Festuca and
feathergrass. From west to east some species change their phytocoenotical position: east of the Volga

River the role of Stipa zalesskii and S. korshinsklyi increases, while S. ucrainica disappears. In West

Siberia and northern Kazakhstan, S. kirghisorum appears. A separate place is taken by Dahurian-

Mongolian steppes dominated by Smpa kiylovii, S. baicalensis, Laymus chinensis, and iFk2sluca
lenensis.

      In the middle subzone, the Fkistuca-Stipa communities are much poorer in forbs, represented

here mainly by more xerophilous species.

       In the southern steppe subzone, dwarf semi-shrubs occur as co-dominants in the Festuca-

Stipa comnunities. Geographic variants are differentiated by one or another wormwood (Arlemisia)

species. In the Caspian region Artemisia taurica and A. Ierchlana are common; in the steppes of the

Trans-Volga and western Kazakhstan, Artemisia lerchiana and A. semiarido; in the steppes ofeastern

Kazakhstan, Artemisia sublessingiana and A. gracilescens.

      In Russia the desert zone is distinguished only in the Caspian lowland. Its main area is located

in Kazakhstan and Middle Asia. Desert vegetation embraces the communities of xerophilous
microthermic plants of various growth fbrms. Dwarf semi-shrubs of the families Asteraceae (genus

Artemisia, subgenus Seriphidium) and Chenopodiaceae (genera Anabasis, Salsola, etc.) are the

essential growth fbrm in the temperate deserts of the Turanian Basin. These constitute plant

communities that occur widely in different habitats: in plains and on mountains slopes; on clay, loam,

sandy-loam, scree and stony soils; and on sands, takyrs (dried-clay surfaces), and solonchaks. In the

vegetation cover a very important role belongs also to semi-shrubs (genera Astragalus, Convolvulus,

Krascheninnikovia, Salsola, etc.) and shrubs (genera Atraphaxis, Ckelligonum, Caragana, EZphedua,

HaloJcylon, Salsola, etc.). These usually grow on stony shallow soils of light mechanical texture and

on sands. In the desert comrnunities, ephemeroids (mini-geophytes) and hemi-ephemeroids are often

abundant: herbaceous, perennial plants with short vegetative periods (species of genera Allium, Carex,

Poa, Eremurus, Rheum, 71Lilipa, etc.). Annual herbaceous plants of the summer--autumn vegetation

(genera Halogeton, Petrosimonia, Salsola, Suaedu, etc.) are highly typical oftemperate deserts, as are
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ephemerals, the annual herbaceous plants of the spring, autumn-spring or autumn-winter--spring

vegetation (genera Alyssum, Bromus, Eremopyrum, Koeipinia, 7;etracme, illeironica, etc.). In addition,

mosses, crustose and futicose lichens and algae also appear in the vegetation cover.

      Widespread throughout the whole tenitory of the desert zone are Artemisia '(wormwood),

perennial saltwort, and psammophytic shrub communities. Their differentiation according to species

composition perrnits one to distinguish three subzones: the northern, middle and southern. The north

desert subzone is dominated by wormwood coenoses . In the Caspian Lowland this is mainly
Artemisia lerchian, which is replaced further east by Arlemisia semiaricla; it is joined in the area

between the Aral Sea and Lake Balkhash by Artemisia terrae-alba. In the middle desert subzone both

the wormwood and the biyurgun (Anabasis salsa) deserts prevail. A large area is occupied by the

petrophyte-shrub, psammophyte-shrub and saksa'ul (HaloJcylon) deserts. ATtemisia terrae-albae is

characteristic ofthe whole subzone. In the south desert subzone, the saksa'ul and psammophyte-shrub

deserts predominate, with wormwood (Artemisia kemrudica) and tetyr (5Zilsola gemmascens) coenoses

occupying smaller areas.

      Huge areas in Asiatic Russia are occupied by mountains. The altitudinal differentiation is the

essential regularity of mountain vegetation, which has no analogue in the lowlands. The separate

altitudinal belts are fbrmed by plant communities that represent the vegetation types (fbrmation, etc.)

as in the lowlands. As an example one may cite the mountain tundra, the mountain taiga and broad-

leaved forests, mountain steppes and mountain deserts.

      Nival and alpine vegetation are specific (high) mountain types that have no analogues in the

lowlands.

      The differentiation of altitudinal belts, as well as oflowland vegetation, is determined first of

all by the latitudinal position of the mountain uplands, but it also depends on their area, height, role as

banier, steepness, slope direction, etc. The mapping unit fbr mountain vegetation is the typical

altimdinal range or belt, characterizing a definite part ofa mountain chain. The mountains ofAsiatic

Russia are united into several groups of mountain systems: Central Siberian, South Siberian, East

Siberian, ChBkotkan, Okhotsk-Beringian, Baikal-Dzhukdzhur, Far East, and Kamchatkan.
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III. Results

A. Vegetation survey results

  a. Arctic and Boreal zones

     1) Alpine Tundra

Yukito NAKAMURA (7k)kyo (Llhiyersdy ofAgriculture, Sakuragaoko 7-1-1, Setagaya-ku, 717kyo

156-8502, lapan)

Pavel V. KR}isTov (Iitstilute ofBiology & Soil Science, l7Zadivoslok 690022, Russia)

Ken Sato (Hbkeai"thkuell UiniveLsiztF; SZ2mparq elapan)

Abstract

 In the middle and northern temperate zones and the boreal zone in Asia, Alpine Tundra occurs

in the alpine belt above the timber line, which is delimited by cryophilic factors. In continental

central Asia, natural meadows (not including alpine tundra) occur widely as semi-desert or

steppe, which are limited by ombrotrophic factors. In Asia the physiognomy ofthe alpine tundra

is dominated by dwarfshrubs and short graminoids, which are composed of five general
vegetation groups: dwarfshrub communities, snow-patch communities, wind-exposed rneadow

communities, semi-desert or bare-land communities and spring-water communities.

 Characteristic genera are different in the differeRt geographic sectors: the oceanic, Kuril

Islands; sub-oceanic Kamtchatka; the maritime Sea of Japan side; continental Sakhalin,

Primorsky, and Hokl<aido; and ultra-continental Siberia, especially in eastern Yakutia.

Dwarfshrub communities and snow-patch communities occur in the oceanic, sub-oceanic and

maritime regions. Serni-desert and bare-land communities have different site conditions. In

oceanic and sub-oceanic sectors they occur mainly on volcano, thermokarst and soil fractions.

However, in continental and ultra-continental sectors they occur on steep slopes and dry

avalanches. Wind exposed meadows occur on wind exposed slopes in oceanic, sub-oceanic and

maritime regions, however in continental and ultra-continental regions such as Siberia, Inner

Mongolia and Tibet they spread as the climax vegetation.

 Representative genera in the alpine vegetation types are as follows: Loiseleuria, l)hccinium,

Diapensia, Casslope, Phyllodoce, Ledum, Arctous, Arcterica, and B7yanthus in the dwarfshrub

communities (Loiseleurio-Vaccinietea); Pbyllodoce, derrimanella, dwarf Salix, Sibba7dia,

Geum, Anaphalis, Primula, Gentiana, CaTex, and lycopodium in the snow-patch cornmunities

(Phyllodoco-Harrimanelletea); Dryas, Pedicularis, (ixyt7Qpis, Hk7dysarum, Astragalus,
Leontopodium, Silene, Llaydia, Gentlana, Kbbresia, and daiec in the wind-exposed meadows

(Carici-Kobresietea); Dieentra, Penstemon, SZellaria, Minuartia, Cerastium, Arenaria,

Saxip"aga, PapaveE Arabis, Draba, 7721aspi, Ca7domine, IZiola, Dracocephalum, Euphrasia,

Saussurea, Sedum, 7ZPzymus, Carex, Deschampsia, and Agrostis in the serni-desert or bare-land

communities (Dicentro-Stellarietea); and CaTdumine, Ranunculus, SZellaria, Chrysosplenium,

Saxtfraga, E2pilobium, Adontia, And)yesace and .htncus in the spring comrnunities
(Montio-Cardaminetea).

Results

 Study area & method
The study areas ofalpine tundra were located in temperate, boreal afld sometimes tundra regions

in eastem Asia. Most Phytosociological data were taken in the summers of 2006 and 2007

(Table 1.). We visited Primorsky (Russia) in 2005; Ylikutia and Sakhalin (Russia), Qinghai

(China) and Lasa (TibeO in 2006; and Cherskiy, the Sayany Mountains, and Sikhote-Alin

(Russia) in 2007. The timber lines in these regions are at different elevations, but the

physiognomy and structure of the alpine tundra were fbund to be similar. We took vegetation

releves according te the method ofBraun-Blanquet (1964) and tried to systematize the hierarchy
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of Asian, mostly eastern Asian alpine tundra. Vegetation hierarchies of these regions are

systernatized using the Japanese alpine vegetation as the standard. The hierarchy of Japanese

alpine vegetation is as fo11ows:

  Loiseleurio-Vaccinietea (Cetrario--Loiseleurietea); dwarflshnb comrnunities

  Phyllodoco-Hanimanelletea; snow-patch cornmunities

  Carici rupestris-Kobresietea bellardii; wind-exposed meadow communities

  Dicentro-Stellarietea nipponicae; semi-desert and bare-land communities

  Montio-Cardaminetea; spring-water communities.

General chrenology ofalpine tundra in Asia

 Alpine tundra vegetation is composed of different chronological elernents which spread or

were isolated through global climatic changes. The biggest events are glacial ages in the diluvial

epoch ofthe Quatemary. Through the glacial ages alpine vegetation moved from north to south

mainly along the sea coasts, where there were oceanic climatic conditions. Continental areas

became drier in Siberia or covered with glaciers in Alaska. So in the inid--latitudinal oceanic

sectors, the alpine tundra found refugia and mixed with endemic alpine floras which originated

in this region. During inter-glacial ages the alpine tundra vegetation moved from south to north

and from humid oceanic to dry continental and ultra-continental sectors. Since the last glacial

age, the Loiseleurio--Vaccinietea, Phyllodoco- Hanimanelletea and Montio-Cardaminetea

communities occur in oceanic, sub-oceanic and maritime sectors, and the Carici
rupestris-Kobresietea bellardii and Dicentro-Ste11arietea nipponicae have spread into the

continental and ultra-continental sectors. In temperate mid-latitude Asia, alpine tundra is

composed of its own endemic species, as in Tibet. In this region the alpine tundra is connected

with temperate steppe vegetation.

Legend for alpine tundra

 Vegetation mapping of Asia needs field survey, and the analysis by GIS is based on satellite

data. Through the field surveys, three rnappable legend iterns for alpine tundra are recognized as

fo11ows.

 a: Alpine tundra characterised by Phyllodoce-Hanimanelletea

 b: Alpine tundra characterised by Dicentro-Stellarietea nipponicae

 c: Alpine tundra characterised by the Kbbresia humilis-Kbbresia pygmaea cominunity

a: Phyllodoco-Harrirnanelletea characteristic alpine tundra

Climatic zone; Oceanic, sub-oceanic and maritime sectors oftemperate and boreal zones.

Region: Kurils, Kamchatka, Sakhalin, Japanese Archipelago.

Characteristic genera; Loiseleuria, Pbccinium, Diapensia, Cassiope, Pbyllodoce, Ledum,

ATctous, Arcterica, Bryanthus, IDhyllodoce, Hlirrimanella, dwarf Salix, Sibbamba, Geum,

Anophalis, Primula, Gentiana, lyeopodium, Dryas, Pedicularis, 6bcytmpis, Hedysarum,
Astragalus, Leontopodium, Silene, Llaydia, Gentiana, Kbbresia, Dicentra, Penstemon, S7ellaria,

Minblartia, Cerastium, Arenaria, Saxij7"aga, Popaveny Arabis, Draba, 7Zhlaspi, Caidamine, P7ola,

Dracoccphalum, Euphrasia, SZiussurea, Sedum, 77zymus, Cambmine, Ranunculus, S7ellaria,

Chrysosplenium, Saxij7"aga, EPilobium, Mbntia, Andtosace, Bupleurum, J>Zironica, 71Pzalictrum,

"Flestuca, Agrostis, Deschampsia, Carex and Jitncus.

Adjacent syntaxa: Abieti-Piceetalia, Vaccinio-Pinetalia pumilae, Betulo-Ranunculetea acris,

Fagetea crenatae, Quercetea mongolicae.

Plant communities ef Phyllodece-Harrimanelletea characteristic alpine tundra:

 See Appendix I.

b: Alpine tundra characterised by Dicentro-Stellarietea nipponicae

CIimatic zene: Continental and ultra-continental sectors ofboreal zone.
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Region; Central and eastern Siberia.

Characteristic genera: laccinium, Cassiope, Ledum, Anctous, Diyas, Pedieularis, Qxymopis,

1[fedysarum, Astragalus, Leontopodium, Silene, Gentiana, S7ellaria, Minuarlia, CeTastium,

Arenaria, Saciji"aga, ATabis, Draba, vaola, Dracocephalum, Euphrasia, SZ}ussurea, Sedum,
7-72ymus, Bupleurum, J>Z)ronica, Eestuca, Agroslis, Kbbresia and CaneDc.

Adjacent syntaxa: Larici-Betuletaria divaricatae, Ledo-Laricetalia cajanderi,
Lathyro-Laricetalia caj anderi,

c: Alpine tundra characterised by the Kbbresia humilis-Kbbresia rvgmaea comrnunity

Climatic zene: Continental sector oftemperate zone.

Region: Tibet.

Charaeteristic genera: Primula, Genliana, (ixyt2Qpis, Hedysarum, Astragalus, Mblilotoides,

Silene, Gentiana, S7ellaria, Cerastium, Arenaria, Arabis, Draba, Viola, Dracocephalum,

Leontopodium, Saussurea, Anaphalis, Sedum, Saxif"aga, C7zrysosplenium, Androsace,
Hk?teropappus, Rheum, Bupleurum, l)Z?ronica, Llyoidea, CZiTkzu, Kbbresla, Agrostis, Festuca,

57ipa and lvncus.

Adjacent syntaxa: Steppe with Artemisia spp. and 57ipa spp.

Alpine tundra characterised by the Kbbresia humilis-Kbbresia ewgmaea community:

 1: Draba eriopocia-Cerastium caespitosum community

 2: Ciphioglossum nudieaule-Saussurea kingii community

 3: Potentilla parvijblia-Arenaria eopillaris var. glandulosa community

 4: Elymo nutantis-Kobresietum humilis

 5: Leontopodio nanumi-Kobresietum pygmaeae

 6: Rheumo globulosi-Kobresietam pygmaeae
 7: crzeilanthes argentea-Selaginella tamariscina community

   See Appendix II.

fable 1.

Appendix I

Appendix II
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Tab. 1. List of phtesocioaogical materials (RussialChina/TibeO

Releve Nr. Community type Phytosociological hierarchy Locatien

Sakhalin

CX-147
CX-148
CX-149
CX-15O
CX-152
CX--l53

CX-l54
CX-156
CX--l57

CX-l58
CX-159
CX-l60
CX-l6l
CX-162
CX-166
CX-167
CX-169
CX-170
CX-171
CX-172
CX-173
CX--l74

CX-175
CX--l76

CX--l77

CX--l81

CX-183
CX-184
CX-186
CX-187
CX-188
CX-189
CX-190
CX--l91

CX-192
CXm193
CX-194
CX-195
CX-196
CX-197
CX-l98
CX-l99
CX-200
CX-20l
CX-202
CX-203

Alpine semi-desert

Alpine semi-desert

Alpine semi-desert

Alpine semi-desert

Alpine semi--desert

Alpine serni-desert

Alpine semi-desert

Alpine semi-desert

Spring water

Spring water

Snow patch

Spring water

Tall fbrbs

Snow patch

Alpine heath

Alpine heath

Snow patch

Alpine heath

Alpine semi-desert

Snow patch

Alpine semi--desert

Alpine meadow
Alpine heath

Alpine meadow

Alpine meadow
Alpine semi-desert

Snow patch

Alpine semi-desert

Alpine serni-desert

Alpine semi-desert

Spring water

Alpine heath

Spring water

Alpine heath

Alpine meadow
Felsen

Alpine heath

Alpine semi-desert

Alpine semi-desert

Alpine semi-desert

Alpine semi-desert

Alpine meadow

Alpine meadow

Alpine meadow

Alpine meadow
Alpine semi-desert

Dicentro-Stellarietea

Dicentro-Stellarietea

Dicentro-Stellarietea

Dicentro-Stellarietea

Dicentro-Stellarietea

Dicentro-Stellarietea

Dicentro-Stellarietea

Dicentro-Stellarietea

Montio-Cardaminetea

Montio-Cardaminetea

Phyllodoco-Harrimanelletea

Montio-Cardaminetea
Trollio-Ranunculetalia acris

Phyllodoco-Hanimanelletea

Cetrario-Loiseleurietea

Cetrario-Loiseleurietea

Phyllodoco-Harrirnanelletea

Cetrario-Loiseleurietea

Dicentro-Stellarietea

Phyllodoco-Harrimanelletea

Dicentro-Stellarietea

Carici--Kobresietea bellardii

Cetrario-Loiseleurietea

Carici--Kobresietea bellardii

Carici-Kobresietea bellardii

Dicentro-Stellarietea

Phyllodoco-Harrimanelletea

Dicentro-Stellarietea

Dicentro--Stellarietea

Dicentro-Stellarietea

Montio-Cardaminetea

Cetrario-Loiseleurietea

Montio-Cardaminetea
Cetrario-Loiseleurietea

Carici-Kobresietea bellardii

Asplenietea rupestria

Cetrario-Loiseleurietea

Dicentro--Stellarietea

Dicentro--Stellarietea

Dicentro-Stellarietea

Dicentro-Stellarietea

Carici-Kobresietea bellardii

Carici-Kobresietea bellardii

Carici-Kobresietea bellardii

Carici-Kobresietea bellardii

Dicentro-Stellarietea

Nabilskiy Mts.

Nabilskiy Mts.

 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga

 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga

 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga

 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
 Mt. Chamga
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Elevation

  (m)

750

750

755

820

810

810

960

968

968

968

1O03

1O03

1O03

1030

l2eo

1210

1320

1410

1410

1410

l400

l400

1460

1512

1510

1040

1080

l095

1O05

1O05

lO05

1180

1l80

1230

1260

l270

l310

1510

1510

1490

l490

1460

1460

1438

1425

1400

Zonal

type

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Date

06/Aug.

2006/8/15

2006/8/15

2006/8/15

2006/8/l5

2006/8/15

2006/8/15

2006/8/l5

2006/8/l5

2006/8/15

2006/8/15

2006/8/15

2006/8/l5

2006/8/l5

2006/8/15

2006/8/15

2006/8/15

2006/8/l5

2006/8/l5

2006/8/15

2006/8/15

2006/8/15

2006/8/l5

2006/8/l5

2006/8/15

2006/8/15

2006/8/17

2006/8/17

2006/8/l7

2006/8/17

2006/8/17

2006/8/17

2006/8/17

2006/8/17

2006/8/17

2006/8/l7

2006/8/17

2006/8/17

2006/8/17

2006/8/l7

2006/8/l7

2006/8/17

2006/8/17

2006/8/17

2006/8/17

2006/8/17

2006/8/17



CX-204
CX-205
CX-206a
CX-206b
CX-224
CX-226
CX-227
CX-228
CX-229
CX-230
CX-231
CX-232
CX-233
CX-234
CX-235
CX-236
CX-237
CX-238
CX-239
CX-241
CX-242
CX-243
CX-244
CX-245
CX-246
CX-247
CX-248
CX-249
CX-250
CX-251

CX-256
CX-258
CX-261
CX-262
CX-266
CX-270
CX-271
CX-272

Alpine meadow
Alpine heath

Snow patch

Alpine heath

Felsen

Alpine meadow

Alpine meadow
Alpine semi-desert

Alpine meadow
Alpine semi-desert

Alpine heath

Alpine meadow

Alpine meadow
Alpine semi-desert

Alpine rneadow

Felsen

Alpine semi-desert

Alpine meadow

Alpine meadow
Alpine semi-desert

Alpine semi-desert

Alpine meadow
Alpine rneadow

Alpine heath

Alpine heath

Alpine meadow
Alpine serni-desert

Alpine heath

Alpine meadow
Alpine semi-desert

Alpine semi-desert

Alpine meadow
Alpine heath

Alpine meadow
Felsen

Felsen

Felsen

Felsen

Carici--Kobresietea bellardii

Salicetea herbacea

Phyllodoco-Hanimanelletea

Cetrario-Loiseleurietea

Asplenietea rupestria

Carici-Kobresietea bellardii

Carici-Kobresietea bellardii

Dicentro-Stellarietea

Carici-Kobresietea bellardii

Dicentro-Stellarietea

Salicetea herbacea

Carici-Kobresietea bellardii

Carici-Kobresietea bellardii

Dicentro-Stellarietea

Carici-Kobresietea bellardii

Asplenietea rupestria

Dicentro-Stellarietea

Carici-Kobresietea bellardii

Carici-Kobresietea bellardii

Dicentro--Stellarietea

Dicentro-Stellarietea

Carici-Kobresietea bellardii

Carici--Kobresietea bellardii

Cetrario-Loiseleurietea

Cetrario-Loiseleurietea

Carici-Kobresietea bellardii

Dicentro-Stellarietea

Salicetea herbacea

Carici-Kobresietea bellardii

Dicentro-Stellarietea

Dicentro--Stellarietea

Carici-Kobresietea bellardii

Salicetea herbacea

Carici-Kobresietea bellardii

Asplenietea rupestria

Asplenietea rupestria

Asplenietea rupestria

Asplenietea rupestria

Mt. Chamga

Mt. Chamga
Mt. Chamga
Mt. Chamga
 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

 Mt. Baida

1380

l420

1498

1380

418

470

480

470

490

500

520

522

522

520

520

520

550

562

570

570

573

573

573

573

573

638

640

640

660

630

670

665

650

760

675

532

530

520

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreai

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

2006/8/l7

20e6/8/17

2006/8/l7

2006/8/17

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006!8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/20

2006/8/21

2006/8/21

2006/8/2l

2006/8/21

2006/8/21

2006/8/21

2006/8/21

2006/8/21

Yakutia
 Ya-21

 Ya-22

 Ya-27

 Ya-29

 Ya-30

 Ya-3l

 Ya-32

 Ya-34

 Ya-35

 Ya-37
 Ya-38

Ya-41-a

Alpine meadow

Alpine meadow

Alpine meadow
Torf Moor

Torf Moor

Torf Moor

Torf Moor

Alpine meadow

Alpine meadow

Alpine meadow

Alpine meadow

Summergreen d ecidut Ledo-Betuletalia midd

Carici-Kobresietea bellard

Carici-Kobresietea bellard

Carici-Kobresietea bellard

Oxycocco-Sphagnetea

Oxycocco-Sphagnetea

Oxycocco-Sphagnetea

Oxycocco-Sphagnetea
Carici-Kobresietea bellard

Carici-Kobresietea bellard

Carici-Kobresietea bellard

Carici-Kobresietea bellard

                  en

ii

ii

ii

ii

ii

ii

ii

lofcampsite/Yak}it

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lof campsite/Yakut

dorenilofcampsite/Yakut

625

625

630

650

650

650

650

660

660

860

860

780

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

2006/7/28

2006/7/28

2006/7/28

2006/7/28

2006/7/28

2OO6/7/28

2006/7/28

2006/7/28

2006/7/28

2006/7/28

2006/7/28

2006/7/28
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Ya-4l-b

 Ya-53
 Ya-59
 Ya-60
 Ya-61

 Ya-62
 Ya-63

 Ya-64
 Ya-67
 Ya-69
 Ya-70
 Ya-73
 Ya-74
 Ya-75
 Ya-76
 Ya-77
 Ya-78
 Ya-79
 Ya-80
 Ya-81

 Ya-82
 Ya-84
 Ya-85
 Ya-86
 Ya-87
 Ya-88
 Ya-89
 Ya-91

 Ya-92
 Ya-97
Ya-1e2
Ya-106
Ya-107-a

 Ya-109

 Ya-11O

Ya-11l

 Ya-l12

Ya-l13

Ya-114
 Ya-119

 Ya-121

 Ya-122

 Ya-123

 Ya-124

 Ya-125

 Ya-126

 Ya-127

 Ya-128

 Ya-l34

 Ya-l35

 Ya-136

 Ya-137

Torf Moor
Alpine heath

Torf Moor

Torf Moor

Torf Moor

Torf Moor

Torf Moor

Torf Moor

Torf Moor

Torf Moor

Torf Moor

Torf Moor

Torf Moor

Torf Moor

Torf Moor

TorfMoor
Alpine semi-desert

Alpine semi-desert

Alpine semi-desert

Alpine semi-desert

Alpine semi--desert

Alpine semi-desert

Alpine semi-desert

Alpine semi-desert

Alpine heath

Alpine heath

Alpine heath

Alpine heath

Summergreen deci

Alpine meadow

Alpine meadow

dut Salicetea sacha

Summergreen decidui

Summergreen decidu[

Dry meadow
Dry meadow
Dry rneadow

Dry meadow
Alpine semi-desert

Alpine semi-desert

Summergreen scrub

Dry meadow
Dry meadow
Dry meadow
Dry meadow
Dry rneadow

Alpine semi-desert

Dry rneadow
Alpine semi-desert

Alpine heath

Alpine heath

Alpine semi-desert

Alpine meadow

Oxycocco-Sphagnetea
Cetrario-Loiseleurietea

Oxycocco-Sphagnetea
Scheuchzerio-Caricetea

Oxycocco-Sphagnetea

Oxycocco-Sphagnetea

Oxycocco-Sphagnetea
Scheuchzerio-Caricetea

Oxycocco-Sphagnetea
Scheuchzerio-Caricetea

Scheuchzerio-Caricetea

Scheuchzerio-Caricetea

Scheuchzerio-Caricetea

Scheuchzerio-Caricetea

Scheuchzerio-Caricetea

Scheuchzerio-Caricetea

Dicentro-Stellarietea

Dicentro-Stellarietea

Dicentro-Stellarietea

Dicentro-Stellarietea

Dicentro-Stellarietea

Dicentro-Stellarietea

Dicentro-Stellarietea

Dicentro-Stellarietea

Cetrario--Loiseleurietea

Cetrario--Loiseleurietea

Cetrario-Loiseleurietea

Cetrario-Loiseleurietea

            linensis

Carici-Kobresietea bellard

Carici-Kobresietea bellard

Salicetea sachalinensis

Salicetea sachalinensis

ii

ii

lofcampsite/Yakut

/ofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

fofcampsite/Yakut

lofcampske/Yakut
lof campsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite!Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lof campsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

lofcampsite/Yakut

)ampsite/Yakutia/si

)ampsite/Yakutialsi

)ampsite/Yakutialsi

)ampsite/Yakutia/si

 Kubume/Yakutia

Kubume/Yakutia
 Kubi}me/Yakutia

 Kubume/Yakutia
 Kuburne/Yakutia

Prusatilo-Artemisietea commutOymyakon/Yakutia

Prusatilo-Artemisietea commutOymyakon/Yakutia

Prusatilo-Artemisietea commutDymyakon/Yakutia

Prusatilo-Arternisietea commutOymyakon/Yakutia

Dicentro-Stellarietea Oymyakon/Yakutie
Dicentro-Stellarietea Oymyakon/Yakutia
Ledo-Betuletalia middendorffii Oymyakon/Yakutia

Prusatilo-Artemisietea commuttOymyakon/Yakvitia

Prusatilo-Artemisietea commutOymyakon/Yakutie

Prusatilo･-Artemisietea commutOymyakon/Yakuti3

Prusatilo-Artemisietea commut;OymyakoR/Yakutia

Prusatilo-Arternisietea commuttOymyakon/Yakutie

Dicentro-Stellarietea Oyrnyakon/Yakutie
Prusatilo-Artemisietea commuttOymyakon/Yakutia

Dicentro-Stellarietea OymyakorVYakutia
Cetrario-Loiseleurietea Oymyakon/Yakutie
Cetrario-Loiselet}rietea Oymyakon/Yakutie

Dicentro-Stellarietea Oymyakon/Yakutia
Carici--Kobresieteabellardii Oymyakon/Yakutie
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 635

1230

l247

1247

1247

1247

1247

1247

1247

1247

1247

1247

1247

1247

l247

l247

l350

1300

13OO

l300?

1350

1350?

1350?

1300?

1440

1440

1440

1440

1050

1050

1050

 890

 890

 750

 750

 750

 810

 820

 820

 750

 865

 865

 865

 890

900

 905

 910

 920

1408

1415

1415

l415

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

Boreal

2006/7/28

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

200617/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/30

2006/7/3l

2006/7/31

2006/7/31

2006/7/31

2006/7/31

 2006/8/1

 2006/8/1

 2006/8/1

 2006/8/1

 2006/8/1

 2006/8/1

 2006/8/1

 2006/8/2

 2006/8/2

 2006/8/2

 2006/8/2

 2006/8/2

 2006/8/2

 2006/8/2

 2006/8/2

 2006/8/3

 2006/8/3

 2006/8/3

 2006/8/3



 Ya-138

 Ya-139

 Ya-141

 Ya-142

 Ya-143

 Ya-144

 Ya-145

Ya-146
 Ya-147

 Ya-148

 Ya-149

 Ya-l5O

 Ya-151

 Ya-152

 Ya-153

 Ya-154

Ya-155-a

Ya-l55-b

Ya-156-a

Ya-156-b

 Ya-l57

 Ya-158

 Ya-l59

 Ya-l60

 Ya-161

 Ya-162
 Ya--l64

 Ya-l65

 Ya-166

 Ya-167
 Ya-l68

 Ya-169

 Ya-170
 Ya--17l

 Ya-172
 Ya-173

 Ya-174

Alpine heath

Alpine heath

Alpine heath

Alpine heath

Alpine heath

Alpine serni--desert

Alpine semi-desert

Alpine semi-desert

Alpine semi-desert

Alpine semi-desert

Alpine heath

Alpine meadow
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                                                             Appendix 1

Biogeographical Diversity of Alpine Tundra Vegetation in the Oceanic

Regions of Northeast Asia

Yukito NAKAMuRA (Tokyo University ofAgriculture, Sakuragaoka 1-1-1, Setagaya-ku, Tokyo

156-8502, Japan)

Pavel V. KREsTov (Institute ofBiology & Soil Science, Vladivostok 690022, Russia)

Abstract
     The Arctic tundra zone and alpine vegetation belt are characterized by a complex of

dwarfishrub, graminoid and herbaceous tundra communities that occur in conditions ofheat deficit

and a very short growiRg season. The effects ofthese climatic factors in different habitats are strongly

controlled by topography. Generally, tundra plant communities occupy their own microhabitats with

peculiar environmental conditions that create the highly diverse vegetation mosaic in alpine belts. In

oceanic regions ofNortheast Asia, alpine vegetation occurs from the temperate to boreal zones of

Japan and Ri}ssia. This paper fbcuses on the most peculiar representatives ofsix alpine vegetation

classes. Phytosociological diversity oftundra communities is described, in fust approximation, with

special reference to their biogeographical distributional patterns.

IRtreduction
     According to traditional understanding ofvegetation zonation in northern Asia, tundra, as a

vegetation type, is characteristic to polar deserts and Arctic tundra zones and te the upper vegetation

belts oflarge mountain systerns in the temperate, boreal and subarctic zones.

     In northeastern Asia, only Wrangell and Gerald Islands are in the zone ofArctic Deserts

(KoLEsNIKov 1961), which are characterized by lack ofa closed vegetation cover. Large areas on

these islands are covered by talus or rock outcrops. Crustose and fbliose lichens (species of Gtyrophora,

Lecidea, and Rhizocarpon) are most abundant on the rocky substrates. On sites with accumulations of

fine soil, a spare vegetation cover is fbrmed by ftuticose lichens (Alectoria, Cetraria and Cladonia)

and mosses (mainly Anduaeapopillosa, Pogonatum capillare, Rhacomitrium lanuginosum and

71etraplodon mnioicies). Vascular plaRts are represented by Douglasia ochotensis, Artemisia glomerata,

Popaverpolare, Saussurea tilesii, Sa)cij7"agafanstonii, etc. The bryophytes and fiowering plants are

scattered and not numerous (GoRoDKov 1958).

     The coast of the Arctic Ocean and all of the Chukotka Peninsula north of650N are covered by

tundra vegetation. The tundra zone is subdivided into two subzones: typical Arctic tundra alongthe

Arctic coast and lichen tundra as the rriain zonal vegetation on the Chukotka Peninsula and lower

Anadyr River basin (KozHEvNIKov 1996). The Far Eastern sectors ofthe Arctic Polar Desert and

Tundra are differentiated from the rest ofthe circum-Arctic zone by the presence ofso-called

Beringian plant species, which are also common to Alaskan and eastern-Canadian sectors ofthe Arctic

zone (YuRTsEv et al. I978).

     Tundra vegetation is characterized by a closed, one-layer cover composed mainly ofperennial

plants, especially dwarfsimbs, mosses and licheRs, and by a lack oflarger shrubs and trees. Most

typical tundra plants have their renewal buds no higher than 20-30 cm above the ground and

reproduce mainly vegetatively. All tundra plants are adapted to the short vegetative season with its

long period ofdaylight (KozHEvNIKov 1996). Tundra communities vary in composition depending on

site edaphic and climatic conditions. Regions along the Arctic coast are characterized by

predominance ofsedge and heath communities with Carex spp., Eriophorum vaginatum, l7bccinium

uliginosum, Betula exilis and leafy mosses. On the Chukotka Peninsula, sedge communities are also

important, but lichen communities with Cladina spp. and some ericaceous dwarfshrubs increase

(CAVM 2002).
     Tundra communities across the Arctic zone in Asia were described in a series ofRussian

publications that used a dominance approach to vegetation classification (GoRoDKov 1958, YuRTsEv

et al. I978, ALExANDRovA l980, MATvEEvA 1998). Phytosociological studies in those areas have

been carried on recently and concerned several types of Arctic vegetation (RAzzmvlN l994,

SINELNIKovA 2001, KuCHEROv & DANIELS 2005). The alpine tundra vegetation in oceanic regions of

Northeast Asia in Russia is poorly studied. Several publications from Kamchatka (NEsHATAEv et al.

1994), the Sikhote-Alin mountains (GRIsHIN et al. I996) and Comrnander Islands (]KREsTov 2004) are
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known at present, but these few do not provide a general view ofalpine tundra vegetation ofthe

region.

     In contrast, studies ofalpine tundra vegetation in Japan are among the most advanced

phytosociological studies (SUZUKI 1964, OHBA 1967, l968, 1969, 1974, 1982, NAKAMURA 1986,
l987, 1994, 1997). The hierarchies of alpine vegetation in Northeast Asia were suggested in the series

ofpublications ofOHBA (l968, 1969, 1974), who introduced a worldwide-accepted class Carici

rupestris-Kobresietea bellardii (OHBA l974). Our research on northeast Asian alpine tundra

vegetation in Sakhalin and Kamchatka since l999 allowed us to extend considerably a releve bank fbr

this territory. This paper aims to provide a general overview ofphytosociological diversity ofalpine

tundra communities, with special reference to their biogeographical distributional patterns.

Study area
     The data were collected in oceanic regions of northeast Asia between Mt. Hakusan in

Honshu(2702 m a.s.l., 36.1500N; 136.7740E, Japan) on the south, Mt. Tolbachik in Karntchatka(3682

m a.s.1.; 55.8300N; 160.3300E, Russia) on the north. Alpine vegetation occurs on high mountains

above 3000 m central Japan and above 1OOO m on Kamchatka. High mountains are mainly volcanoes,

including the highest peak in the northeast Asia, Kliuchevskoi (4835 m a.s.1.), 6000 years active

basaltic volcano in Kamchatka; the basaltic Taisetsu Massif (229e m) in Hokl<aido; and Mts. Ontake

(3063 m) and Feji (3776 m) in Honshu. Mt. Ploskaya (3903 m) in Karnchatka is a dormant volcano

with last activity estimated at 1OOO years BP. Mts. Lopatina (1608 m) and Chamga (15iO rR) in

Sakhalin, Hidaka (2052 m) in Holtkaido, Akaishi (3193 m), Kisokomagatake (2956 m) and Hotaka

(3l90 rn) in Honshu were formed during orogenic activity in the Paleozoic and Mesozoic eras. The

substrates on which alpine vegetation occurs include, among others, sedimentary, metamorphic,

peridotite, serpentinite rocks and intrusive granites.

     The climate in the study area is influenced strongly bythe Asian monsoon system in

combination with two major baric centers, the Siberian high pressure system and the Aleutian

depression. Kamchatka's interior is characterized by a continental boreal climate having low

precipitation, high temperature in summer and low temperature in winter. The oceanic side ofthe

peninsula has an oceanic boreal climate characterized by cool fbggy summers and snowy winters. The

warm sea currents Kuro--shio and Tsushima increase and the cold Pacific current Oya-shio decreases

the mean temperature in the island arcs and adjacent maiAland areas. Snow is one ofthe most

irnportant climatic factors fbr alpine vegetation. The Japanese Archipelago has a typical temperate

monsoon climate that differentiates the local climates ofthe Pacific and Japan Sea sides. The pacific

side is characterized by well expressed fens and shallow snow cover, the Japan Sea side by heavy

snow cover.

Phytogeographical notions
     Northeast Asia is the one ofthe important floristic centers ofthe holarctic kingdom

(TAKHTAJAN l986). The alpine flora ofnortheast Asia is composed of species with chiefly

Euro-Siberian and Sino-Japanese distribution. The species composition ofeach class, however, is

characteri,zed by its own fioral elements (SHIMIZU 1983, NAKAMURA 1986, 1997). The

establishment ofpresent plant communities went through considerable geological changes,

particularly connected with sealevel fluctuations and the cooling period in the Quaternary. Due to the

extensive changes in shoreline and wide amplitude efclimatic fiuctuations, as well as corresponding

species migrations, the present alpine communities are composed ofcircumpolar, amphi-Pacific and

northeast Asian elements, with a large fraction ofendemic species (SHIMIZU 1983). In the oceanic

sector, many species with circumpolar and / or trans-Eurasian Arctic distribution have their southern

limits in the oceanic sector ofnortheast Asia, reaching the Japanese Archipelago (Fig. 1).

     Modern species distribution patterns are explained by modem climatic conditions as well as by

Pleistocene and Holocene climatic and geological changes. Before 25 million years BP, the whole

study area was occupied by a flora that was close to the modern warm-temperate flora. The geological

changes, as well as changes in temperature and moisture regimes in the Miocene, Pliocene and

Pleistocene, led to changes in sealevel that connected and then disconnected insular areas with the

continent via land bridges (GRIcHuK 1984) that must be considered as important pathways fbr

                                                            rintensive floristic exchange between land rnassifs (TATEwAKI 1963, HULTEN l973). The modern

pattern oftemperatures and precipitation in the region was formed in the early Holocene, when general

warming caused expansion ofheat-dependent vegetation from Pleistocene refugia. At the same time,

- 53 -



vegetatioR formed on the islands in the Pleistocene became restricted to isolated habitats, ofwhich the

alpine belts in large mountain systems became the most important modem refugia.

Plant community diversity
     The preliminary prodromus ofalpine tundra vegetation ofthe oceanic regions ofnortheast Asia

includes 58 associations classified into 14 alliances, 8 orders and 6 classes. 23 associations are

introduced here provisionally.

Carici rupestris-Kebresietea bellardii Ohba 1974

     The communities ofthis class occur on wind-exposed slopes where shallow snow cover permits

cryogenic processes in winter resulting in dry conditions in summer. Hemicryptophytes and deciduous

chamaephytes are characteristic life forms. The class includes two orders (Table 1).

     The order Kobresio-Dryadetalia occurs at high latitudes in the circumpolar area. The northern

boundary ofthe Caricetalia tenuifbrmis is central Sakhalin, within the common range of Carex

tenuijbrmis, Campanula ehamissonis and Rhodiola rosea. Oxytropidion nigrescentis is characterized

by Pedicularis capitata, Pedicularis eryophora, Cbcytropis revoluta, Qxytropispumilio, Carex

koraginensis and Carexfascidula. The alliance Bupleuro-Caricion tenuifbrmis occurs in central

Sakhalin and Hokhaido, and is characterized by Bz4pleurum triracijatum, Gentianopsis aurucilata and

Calamagroslis sugawaTae. The alliance Oxytropidionjaponicae occurs in Henshu, isolated firom the

Holckaido part ofits range, and is characterized by (ixytropisl' oponica, Pecficularis apodochila,

Artemisia glomerata and Agrostisflaccicla. The alliance Leontopodion hayachinensis is characterized

by Aguilegia.17abellata var.pumila, Pinguicula vuigaris var. macroceras and occurs on ultrabasic

rocks.

Table1.Re ionalOccurrenceof wind-ex osedal inemeadows
Distribution

Vegetation unit

Kam Sak Hok Hon
Carici ru estris-Kobresietea bellardii Ohba 1974

Kobresio-Dryadetalia Br.-Bl. 1948

drytropidion nigrescentis 0hba 1974

Salici arcticae-mKobresietum rnyosuroidis prov.

Oxytropidio pumilio-Caricetum kamtschaticae prov.

Caricetalia tenuiformis Ohba 1968

Bupteuro-daricion tenuijbrmis 0hba 1974

Bupleuro triradiati-Caricetum rnicrotrichae prov.

Hedysaro sachalinensi-Caricetum rupestris prov.

Salici-Oxytropidetumjezoensis Tohyama 1971

Oxytropido megalanthae--Caricetum tenuifbrmis Ohba 1967

Leontopodion hayashinensis 0hba 1974

Leontopodio hayashinensis-Caricetum tenuifbrmis Ohba 1967

Saxifragetum nishidae Ohba l974

Hypochoerido-Caricetum tenuifbrmis Ohba 1968

Caricetum melanocarpae Nakamura 1988

()xytropidionl'aponicae Ohba 1967

Leontopodietum shinanensis Ohba 1974

Saussureo-Oxytropidetumjaponicae Ohba l98l

Euphrasio insignis-Oxytropidetumjaponicae Ohba l981

Leontopodietum fauriei Ohba 1967

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
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Loiseleurie-Vaccinietea Eggler 1952

     This class is composed of dwarfshrub communities and occurs on well drained sites with little

exposure to the wind. The species composition is represented by prostrate chamaephytes from the

genera Loiseleuria, Empetrum, Bi yanthus, Arcous, Arcterica, l7bccinium and Diopensia. Lichens, such

as Cetraria, Cladina, Cladonia, Steieocaulon, 7Zipamnolia, have a high constancy. The order

Arctericetalia occurs only in the East Asia. Characteristic species ofthe order and alliance are

Arcterica nana, Arctous aipine var.7'oponica, Bi yanthus gmelinii and Diopensia laRponica ssp.

obovata. The association Salicetum tschuktschorum occurs in boreal alpine tundra. The

Arctoo-Vaccinietum uliginosi represents the sumrnergreen dwarCshrub communities occuning on less

stable substrates, as opposed to evergreen communities ofthe Arcterico-Loiseleurietum procumbentis.

Table2.ReionalOccurrenceofdwarf-shrubalinetundra

Distribution
Vegetationunit

Kam Sak Hok Hon
!tLsl!!setsupo:Yas2s2!}st!}a..!igg!g!..l!2Soi V tEii952

Arctericetalia Suz.-Tek. et Umezll 1964

Areterieion Su3-v7bk. et Umezu 1964

Salicetum tschuktschorum prov.

Oxytropido pumilio-Empetretum nigri prov.

Salici sphenophyllae-Vaccinietum vulcaneris prov.

Betulo exilis-Vaccinietum uliginosi prov.

Arctoo-Vaccinietum uliginosi Yamazaki et Nagai 1961 rassa

Al ,-Arctoo-Vaccinietum uliginosi Yamazaki et Nagai 1961

Arcterico-Loiseleurietum procurnbentis Ohba ex Suz.-Tok.

IA-i

+

+

+

+

+

+

+

+

+

Phyllodece-Harrimanelletea Knapp 1954
     The Phyllodoco-Harrimanelletea (Table 3) is developed under the infiuence ofthe oceanic

climatic conditions and is vicarious to European Salicetea herbaceae Br.-Bl. et al. 1947. High winter

precipitation in this area and deep snow cover cause the development ofsnow-patch communities

composed ofspecies well adapted to very short growing seasons with peak in late summer. The

alliance Phyllodocion aleuticae occupies well drained habitats with late snowmelt. Characteristic

species ofthis alliance include mainly prostrate chamaephytes such as Pbyllodoce aleutiea,

Phyllodoce caerulea and Harrimanella stelleriana and hemicryptophytes such as Sibbaldia

procumbens and Primula cuneijblia. The Phyllodocion aleuticae includes two suballiances: SalicenioR

polaris in Kamtchatka and Caricenion haklcodensis in Sakhalin and Japan. Faurion crista-galli

indicates those sites that continue to be wet after snowmelt. Common species ofthis alliance are

Eauria crista-galli, Carex blepharicarpa, Gaultheria acienothrix and Hk71oniopsis orientalis.

Table3.ReionalOccurrenceofsnow--atchalinetundra

Distribution
Vegetationunit

Kam Sak Hok Hon

Phlledoco-HarrimanelleteaKna l954

Harrimanelletalia Knapp 1954

RhyUodocion aleutieae 0hba I967

Gentiano glaucae-Phyllodoceturn caeruleae prov.

Salicenion polaris prov.

Arnico lessingii-Phyllodocetum caeruleae prov.

Prirnulo cuneifoliae--Caricetum micropodae prov.

Caricenion hakkodensis prov.

+

+

+
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Anaphalido-Phyllodocetum aleuticae Ohba 1975

Phyllodocetum yezoensi-aleuticae Nakamura 1988

Eaurion cristargaUi Suz.-71ok. 1964

Primulo-Caricetum blepharocarpae Miyawaki et al. I968

Primulo nipponicae-Caricetum blepharocarpae Suz.-Tok. et al.

-ANX

+

+

+

+

+

+

+

+

Dicentro-Stellarietea nipponicae Ohba 1968
     The class Dicentro-Stellarietea nipponicae is vicarious to European Thlaspietea rotundifblii

Br.-Bl. et al. I948. It occurs on alpine bare land, including unstable sites such as patterned ground,

volcanic desert, rocky slopes created by avalanches, and ultrabasic rocks. Most of the distribution area

ofthis class lies in the Russian Far East and eastern Siberia; some communities occur also in boreal

eastem North America. The class includes two orders (Table 4). The Oxygraphiso

glacialis-Minuartietalia arcticae occurs at higher latitudes, where it replaces the order Minuartietalia

vernaejaponicae characteristic to Honshu, Hokkaido and Sakhalin. The alliance Saxifrago

funstonii-Stellarion eschoscholtzianae in Kamtchatka occupies elevations from 600 to 1520 m. and is

characterized by Lagotis glauca, Potentilla vulcanicola, Poa malacanlha, Poa arclica, etc. This

alliance occurs on volcanic barrens and wet unstable sites around snow patches.

     The order Minuartietalia vernaejaponicae occurs in Sakhalin and Hokl<aido and is characterized

by Ilestuca oyina var. aipina, Potentilla malsumurae, Minuartia verna var.1'aponica, Agrostis,17accido.

It includes fbur alliances. The Violo-Polygonion ajanensis that occurs on volcanic barrens and

limestone is characterized by Polygonum ojanensis, Sexjt17-aga saehalinensis, Bupleurum triradiatum,

Campanula ayemurae and Poa neosachalinensis. The Caricion flavocuspis occurs on mesic fine

volcanic rnaterials at elevation 1330 to 2230 m. on Hokkaido and in Tohoku (northeastem Honshu).

The Stellarion nipponicae occurs in central Honshu, from 241O to 3260 rn elevation, on dry unstable

volcanic barrens and is characterized by Stellaria nipponica, Minuartia hondoensis, Cerastium

schizopetarum, Polygonum wayrichii var. aipinum, Carex slenantha, etc. The Drabo-Arenarion

katoane is characteristic ofultrabasic rocks iR Holckaido and Honshu. Draba7' aponica and Arenaria
katoana are characteristic species.

Table4.ReionalOccurrenceofalinebarelandlantcommunities
Distribution

Vegetationunit
Kam Sak Hok Hon

!tMgs}g!ve:Stet!apt!}!pasim2su!!s:as}-!i!!i!2a..!2S8t Stii t Ohb i968

Oxygrapho glacialis-Minuartietalia arcticae prov.

Sexipugojunstonii-SteUarion eschseholtzianaeprov.

Junco biglimi-Lagotisetum glaucae prov.

Ermannio-Papavereturn microcarpae prov.

Minuartio microcarpae--Artemisietum glomeratae prov.

Saxifragetum merckii prov.

Minuartietalia vemae-japonicae Ohba 1968

Vioto-Polygonion ojanensis 0hba 1969

Oxyrio-Taraxacetum tatewakii prov.

Scorsonero radians-Miyakeetum integrifoliae prov.

Bupleuro ajanensis-Saussureturfi kitamurae prov.

Thlaspi cochleariiformis-Artemisietum koidzumii prov.

Drabo ussuriensis-Minuanietum vernae prov.

Potentillo rniyabei-Arenerietum merckioidis Nakamura 1988

Papaveretum fauriei Ohba 1969

Thlaspi-Polygonetum aj anensis Ohba l969

+

+

+

+

+

+

+

+

+

+

+

+
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Caricion,tlavocuspisprov.

Carici-Saxifragetum merckii Ohba 1969

Arenerietum merckioidis chokaiensis Ohba 1969

Reg. ass. Dicentro-Violetum crassae Ohba 1969

Stellario-Polygonetum ajanensis Ohba 1969

Drabo-renarion katoanae 0hba I968

Cerastio-Minuartietum vemaejaponicae Ohba 1968

Arenarietum lanceolatae Ohba 1968

Saussuretum chionophyllae Ohba 1968

Sanguisorbo-Minuartietum vernaejaponicae Ohba 1968

Leontopodietum fauriei angustifblii Ohba l968

SteUarion nipponicae 0hba 1969

Dicentro-Violeturn crassae Ohba 1969

Melandryo--Cerastietum schizopetali Ohba 1969

Sedo rosei-Saxifragetum bronchialis funstonii Nakamura 1986

Arabido-Polygonetum weirichii Ohba 1969

Stellario nipponicae-Caricetum stenanthae prov.

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Montie-Cardaminetea Br.-BL et Ttixen 1943
     This class occurs widely over the Northern Hemisphrere in montane to alpine belts. It combines

the various plant communities dependent on water from permanent springs, occuning on wet,

oligotrophic sites. Sagino sagioidis--Stellarietalia umbellatae has a wide distribution area in alpine belts

from central Eurasia to western North America. Epilobio alpini--Saxifragion porsildiaRae is

characterized by Saxij7"agaporsildiana, Scvcipfaga calycina, Iipilobium aipinum. Characteristic genera

ofthis class are herbs 1ipilobium, Sexigara, Chiysosplenium, Carciamine, Stellaria and Ranunculus

and bryophytes Pohlia, Bryum, 1[lygrogypnum.

Table5.ReionalOccurrenceofSrin-waterlantcommunities
Distribution

Vegetationunit
Kam Sak Hok Hon

Montie-Cardaminetea Br.-Bl. et Tx. 1943

Sagine"-sagineidis-Stellarietalia,umbellatae prev.

EPilobio aipini--Scvcipagion porsildianae prov.

Stellario calycanthae--Epilobietum hornemannii prov.

Cardamino umbellatae-Ranunculetum altaici prov.

Minuartio microcarpae-Artemisietum glomeratae prov.

Ranunculo pygmaei-Cardaminetum sachalinensis prov.

+

+

+

+ +

Salicetea arcticae prev.

     The class Salicetea arcticae occurs at high latitudes in the Arctic tundra zene, occupying mesic

to hurnid habitats and covering rather extensive areas. The plant communities are composed of

prostrate chamephytes and dominated by dwarfshrub species ofSalix. The order Salicetalia

reticulate-chamissonis is characteristic to the oceanic sectors of the Russian Far East and western

Alaska. The Salicetum reticulatae-chamissonis was first described in Kamtchakta. Salix retieulata and

Salix arctica usually dominate the communities, in combination with Salix chamissonis, Salix

sphenophylla and Salix ovalijZ]lia.
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Table6.ReionalOccurrenceofdwarf willowal inetundra

Distribution
Vegetationunit

Karn Sak Hok Hon
Stglis2gteq-a!:s}!!gas:2xgx:allcetea ar t

Salicetalia reticulate-chamissonis prev.

Salieion reticulato-ehamissonis prov.

Salicetum reticulato-chamissonis prov. +

Phytosociological diversity of Alpine Vegetation in Northeast Asia

     Phytosociological diversity ofthe alpine vegetation in the oceanic sector ofnortheast Asia is

much higher than in the continental sectors. The oceanic clirrtatic conditions provide very deep snow

cover and better protection ofthe ground from winter freezing, in northem areas very short growing

seasons that reduce competition from other potential dominants and comfortable moisture conditions.

During the Pleistocene Maximum ice sheets did not cover northeast Asia, and an arid climate was

estai)lished on extensive areas of the Asian mainland (Grichuk 1984). The oceanic sector of northeast

Asia in the Pleistocene was likely a very irnportant refugium supportiRg humidity-dependent

vegetation. The sea regression caused the appearance ofland bridges between islands and between

them and the mainland. Therefbre north-south oriented long island arcs could serve as conidors fbr

vegetation migration, especially for drought-tolerant species associated with continental tundra

communltles.
     From the distributional pattern ofsix classes, the most important boundary line that divides

alpine vegetation lies between Sakhalin and Kamchatka. Most southern and northern alliances and

orders are geographically isolated in Kamchatka, with greater influence ofBeringian floristic centers

and Sald talin-Hokhaido--Honshu influenced rnainly bythe Sino-Japanese fiora. Distribution ofthe

Bupleuro-Caricion tenuiformis of the Carici rupestris--Kobresietea bellardii is restricted to Sakhalin

and Hokl<aido. The Violo-Polygonion ajanensis occurs on Sakhalin, Hokkaido and Honshu. In contrast

to southem regions, Kamchatka is characterized by species with circumboreal and circumpolar

distribution, as illustrated by the geographical ranges ofshrubby Skelix and Betula species.

     Honshu represents the southernmost boundary of alpine vegetation, which in this area does not

form an alpine belt but occurs on azonal habitats such as volcanic barrens, rock outcrops and other

sites with specific topographic and wind conditions that prevent occurrence ofthe zonal vegetation.

The number of species in vegetation units in southernmost tundra communities however, remains

comparable to their northern analogs. The communities ofthe Carici rupestris-Kobresietea bellardii

contain from l5 to 25 species, Loiseleurio-Vaccinietea from 10 to 25 species, and

Dicentro-Stellarietea nipponicae frorn 9 to 14 species.

     On the second highest peak ofHonshu, Mt. Kitadake (3l92m), there were found several species

whose main range lies at high latitudes in'Arctic, st}ch as Sexipfaga cernua, S. bronchialis ssp.

junstonii, Arenaria maerocarpa, Potentilla nivea, Artemisia glomerata, Luzula arcuata ssp.

unalasehensis, Ptilagrostis mongholica and Poa malaeantha. Not only northem elements but also

endemic species such .as Saussurea triptera var. minor and Seseli libanotis ssp.joponica f. aipicola,

that were diiiferentiated from their low--altitude parents likely in Pleistocene, contribute to the alpine

tundra diversity (NAKAMURA l997). Limestone and ultrabasic rocks on high mountains are among

the best low-altitude habitats for alpine vegetation in southern regions.

     The alpine belts in modern time generally are being affected by devastating human activity or

grazing by livestock. The rnoderate infiuence on the alpine belt oftourist activities does not bring fatal

destruction to the plant conmiunities. Up to now no evidence of decline of alpine vegetation because

of global warming and air pollution has been provided. However, severe climatic influeRces such as

great temperature aimplitudes at different time scales, winds, rainfalls, soil erosions and great volcanic

activity makes the alpine substrates very dynamic. Appearance ofnew substrates under the different

climatic conditions, a great variety ofprimary succession paths and the co-existence ofspecies with

different geographical ranges leads to diversification ofthe biota at the species and community levels

and to development ofplant adaptations to different conditions that makes alpine tundra communities

one ofthe most complicated subjects for study.
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Fig. 4: Distribution ofsnow-patch alpine tundra
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AlpiRe Tundra in China & Tibet, 2006

 Cheilanthes argentea-Selaginella tamariscina community
Running Nr.

Releve Nr.

Latitude

Longitude

Date

Exposition

Slope
Elevation

Height of vegetation (cm)

Coverage of vegetation (%)

Coverage of Moss Iayer (%)

Quadrat size

S ecies Nr.

  1

T-3
 29
 31

395
 90
 56
 168

 9
 21

 SE
 80
3652

 5
 30

03Xl

 5

 2
T--4

 29
 31

395
 90
 56
168

 9
 21

SE
 85
3672

 6
 30
 40
2X2
 3

 3
T-5
 29
 31

395
 90
 56
168

 9
 21

SE
 80
3662

 8
 20
 40

2X2
 4

Differential s ecies of communit :

Cheilanthes(Aleuritopteris) argentea

Selaginella c£ tamariscina(nummularifolia)

Huperzia selago

Sedum ewersii
Tripogon bromoides
Cotoneaster microphyllus

1･2

3･4

 +
 +
+.2

 -

1i2

3"4

 n
1-2

 -

 t

 "
2-3
+-2
1t2

 '
1"1
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AIpine TuRdra iR China & Tibet, 2006

 a: Elymo nutantis-Kobresietum hurnills

  i: Typicum
  ii: astragalietosum qingnqnicus

Running Nr.

Releve Nr.

Latitude

Longitude

Date

Exposition

Slope
Elevation

Height of vegetation (cm)

Coverage of vegetation (%)

Coverage of Moss layer (%)

Quadrat size

S ecles Nr.

b: Leontopodio nanumi-Kobresietum pygmaeae
c: Rheurno globulosi-Kobresietum pygmaeae

a b c

 4
Q-7
 36
 55
532
 99
 35
167

 9
 16

 L

3208

 5
 90

2X2
 l6

 5
Q--11

 36
 25
452
101

 93
441

 9
 17

 L

3461

 5
 60

3X3
 13

 1
Q-4
 37

 o
172
1OO
 48
550

 9
 16

NW
 15

3200
 50
1OO

5X5
 38

 2
Q-5
 36
 58
 87
 99
 35
581

 9
 l6

 L

3213
 20
 80

5X5
 21

 3
Q-6
 36
 58
105

 99
 35
590

 9
 16

 L

3207
 15
 se

3X3
 20

 7
Q-14
 36
 22
422
101

 22
371

 9
 17

W
 20

3742

 8
 70
 10
lxl

 20

 6
Q-12
36

26
311

1Ol

5

201

9

17

E

l5

3514
 10
 80

5X5
 27

 8
T-8
 29

 3
545

 88

 o
 96

 9
 22

NW
 5
4487

 5
 60

3X3
23

 9
T-9
 29

 3
321

 88

 o
104

 9
 22

NW
 10
4520

 5
 40

2X2
 22

 10
T-11
 29

 3
534
 88

 o
li6
9

22

NW

4533

 5
 50

2×2

 24

 11

T-15
 29

 3
51 4

 88

 o
149

 9
 22

NW
 5
4668

 5
 70

2×2

 22
Characteristic&dilierentialsecies ofassociations:

EIymusnutans lil 1･1 3･4 2"2 2-2
Potentillabifurca + 1-1 +･2 + l

PoteRtillasaundersiana 1-1 +.2 1-2 ' -

Koeieriacristata - # +-2 2･2 l-1

Melilotoidesarchiducis--nicolai . - 1･1 +･2 2･3
Poa sinoglauca

Heteropappus altaious

Astragalus qingnanicus

Carex moorcroftii

LeoRtopodium Ranum
Gentiana Iawrencei var. farreri

Saussurea katochaete
Gentiana pseudosquarrosa
Carex oxyleuca

Rheum globulosum
Silene caespitella

Androsace tapete
Heteropappus gouldii

Incarviliea younghu$bandii

Potentilla polyschista

Viola nudicaulis

Youngia simulatrlx

Arenaria oapillaris var. glaRdulosa

Roegneria breviglurnis

Potentilla parvifolia

'

t

'
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-
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 +
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+.2
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l
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'

.

#

I

t

-

l

.

'

l

-

-

-

-

"

-

#

l

-

t

.

I

2･32･3
1･1+･2
+Iil
-I 1.11-11･11-1

t# 1･12t21･12･3

-l 1･1+#2++
t- +-2+.2+-2+
-e 1･13-32･2i
I- --i-i21-1+
-I i1･1+1-2
#l .++.2+-- +-2+･2-i
lt -l-+#2i-
-m tlt21-2i
-- ･1-11･1･
-- l-+.2

Kobresia pygmaea
Kobresia humilis

Lancea tibetica

Festuca ovina

Gentiana straminea
Stipa purpurea

Dracochephalum heterophyllurn
Veronica ciliata ssp. cephaloides

Stellaria chamaejasme
Stipa alieBa

Taraxacurn sp.

Anaphalls lactea

Sedum sp.
Saussurea sp. X H

Halerpestes tricuspis

Potentilla anserina

Thalictrurn alpinum

Taraxacurn rnongolicum
PoteRtilla multifida

Bupleururrt srnkhii var. parvifolium

Oxytropis kansurensis

1t2
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Comastoma pulmonarlum
Bupleurumsprl tifli/"EF"dP
Poa litwinowiana

Swertia hispidcalyx var. subglabra

Arenaria bryophylla (Chousel)

Primula nutans

RanuRculus rnernbranaceus var. pubescens
Gentiana grurnii

Glaux markima
Sibbardia tetrandra

Oxyt ropis sp.

RoegReria hirsuta var. variabilis

Artemisia algida

AchnaBtherum inebrians
GeBtianopsis paludosa

Oxytropis ochorocephala
Astragalus sp.

Pedicularis kansuensis

Astragalus polycladus

Galittm verum

Oxytropi$ glabra

Kobresia capillifolia

Kobresia royleana
Ajania tenulflora

Carex scabrirostris

Morina chinensis
Pedicularis verticillata

Ptilagrostis dichotoma

Silene tenuis

Stipa krylovii

Carex sp.

AcoBitum gymnandrum
Artemisia phaeolepis

Leontopodium leoRtopodioides
Carex sp. Small

Androsace erecta
Polygonum siberica

Festuca rubra

Caltha scaposa

Blysmus sinocompressus
C[adonia cQccifera group

Comastoma falcatum
Racomitrium caRescens?
Cheiranthus roseus
Coluria longifolia

Dicranum sp.
Draba lanceolata var. Ieiocarpa

Parnassia trinervis

Lloydia serotina ?

Stellaria sp.

Viola sp.

Astragalus sp.

Bistorta vivipar

Oxy'tropis sp.

Carex atrafusca

Saussurea eupygmaea
Primula sp.

Taraxacum sp.
Gentiana spathulifolia

Saussurea superba
Euphorbia altotobetica

Pedicularis odera

Potentilla fruticosa

Stipa cap"lacea

Agrostis sp.

Bupleurum spr2
Comastoma sp.
Astragalus strictus
Stellaria sp.

Silene sp.

Taraxacurn sp.
Stellaria sp.
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Comastoma sp.
Ranunculus pulchellus var. stracheyanus

Lagoti$ brevituba

Kobresia prainii

Arenaria sp.

Taraxacum sp.
Sinochasea trigyna
Valeriana sp.

Heracleurra rrtittefolium
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Alpine Tundra in China & Tibet, 2006

 1: Draba eriopoda-Cerastium caespitosum community
 2: Ophioglossum nudicaulewwSaus$urea kingii community
 3: Potentilla parvifolia-Arenaria capillaris var. glandulosa

Running Nr.

Releve Nr.

Latitude

Longitude

Date

Exposition

SIope
Elevatien

Height of vegetation (cm)

Coverage of vegetation (%)

Coverage of Moss layer (%)

Quadrat size

S ecies Nr.

  1

Q-16
 36
 22
 43
1Ol

 28
208

 9
 17

NW
 40
3480
 15

 5

2X2

 5

 2
T-7
 29
 20
526
 90
 11
21 5

 9
 21

SE
 10
3743

 5
 10

1Xl

 7

  communlty
 3
T-14
 29

 3
521

 88

 o
521

 9
 22

NW
 5
4562

 3
 10

2X2

 5
Ptifferer!!iaj-slif 2tI fommntes

  Cerastium caespitosum
  Draba eriopoda
  Stellaria chamaejasme

  Polygonum vMparum
  Arenaria przewalskii

  Saussurea kingii

  Chenopodium botys
  Ophioglossum nudicaule
  Corispermum pseudofalcatum
  Tribulus terretris

  Eragrostis rninor

  Artemisia demisa
  Arenaria capillaris var. glandulosa

  Chenepodium sp.
  Potentilla parvifolia

  Dimorphostemon glandulosum
  Lasiecaryurn densiflorum
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                              Appendix 2
Alpine Tundra in China & Tibet, 2006

 a: Artemisia sacrorum-Smpa in ylovii cornmunity

 b: Artemisia scoparia-Sophora moorcrq77iana corriminity

Running Nr.

Releve Nr.

Latitude

Longitude

Date

Exposition

Slope

EIevation

Height ofvegetation (cm)

Coverage of vegetation (%)

Coverage ofMoss Iayer (%)

Quadrat size

S ecies Nr.

 Q-24 T-16 T-1
 36

 5
429
101

 46

 2
 9
 17

NW
 10

2935

 30

 80

3X3
 30

 29

 8
437

 88

 8
437

 9
 22

 SE
 10

4092
 50

 30

5X5
 21

 29

 31

386

 90

 56

157

 9
 21

SE
 20

261O

 25

 50

5X5
 8

!t2!!i!eq!!iaLspeqigs-g£s2g!!}!u!u}l!flie itals sf tes

  Stipa ktylo w7'

  Leontopodem ieontopodehes
  heo5/saneim aigldZim

  heteropappus ahaicus
  Pba sinaglauca
  Potenti;OCa muhacaub's

  AMZim cyaneum
  thacoeophalam tanguticLlln

  7;6em7opsls lanceolata

  Artemisia grneM7/7

  Artemis/la sacrotum
  /foelorv'a crv'stata

  Oxytropis imhricata
  POi54gala sthin'ca

  Potentde bforea
  Potenti7Za tanacetffoha

  Aneemis/a scoparia

  Sophora moot℃roth'ana
  Cerex cf scabra
  thIZ'opSl'S sp.

  evy7nus nutans
  GafiLm7 t,terum

  hehlotokies rathenica

  StehCeha chama(2/lasme
  IC V7lom/'s dentosa

  Potentde mu/bvaa
  ROagneha brevigtLm7/s
  777alZc7tncrm aipinum

  L¥end'um gram/neLm7
  Androsace t7Z7etlca
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BLipieutzim smim/7
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2) Vegetation Zonation ofNorthern Asia

Pavel V. KREsTov (lhstitute ofBiology & Soll Science, ilZadivostok 690022, Russia)

The vegetation cover ofNorthern Asia is very heterogeneous, due to two basic climatic gradients. The wide

latitudinal range results in major climatic changes, from the Arctic zone in the north to the northern tem--

perate zone in the south. The location near the Pacific Ocean causes another type of climatic gradient, that

ofcontinentality. The climate ofthe oceanic islands is suboceanic, with cold summers and mild winters. In

the continental interior the climate is ultra-continental, with very cold winters (absolute minimum -720C at

Oymyakon) and warm surr}mers (absolute maximum 430C at the same location). The clirnatic differences

cause changes in the vegetation, expressed from north to south as a sequence ofphytogeographical zones:

   (1) Arctic

   (2) Subarctic

   (3) Boreal

   (4) Temperate

This sequence ofvegetation zoRes is commonly accepted in the Russian school ofphytogeography, with

east-west differentiation reflecting the continentality gradient.

The Russian Far East is subdivided commonly into five continentality sectors:

   (1) Suboceanic

   (2) Maritime

   (3) Subcontinental / Submaritime

   (4) CoRtinental

   (5) Ultra-continental

Vegetation in each continentality sector reflects the change from damp, relatively seasonal, even oceanic

climates near the coast to dry, seasonally contrasting climates in the interior.

The sectoral nature of the vegetation zonation is reflected by subdividing zones or subzones into phyto-

geographical areas with continentality-dependent features in the vegetation. The main characteristics of

these phytogeographical areas are summarized briefly below.

General publications en vegetation, fleristies, bioclimatelogy:

Kre$tov, P.V. 2003. Forest vegetation of Ea$ternmost Russia (Russian Far East) // Forest vegetation of

Northeast Asia.- Dordrecht. P. 93-480. Please download pdffrom htt :1/vwwv.biosoil.rulfiles/OOOOO051. df

Qian H., Krestov P., Fu P.-Y., Wang Q.-L., Song J.-S., Chourmouzis C. 2003. Phytogeography of Northeast

Asia // Forest vegetation of Northeast Asia. - Dordrecht. P. 51-91. Please download pdf frorn
!tpttwyyy!y!L,!!!lgsg!!.em,Ufi!gsl999999{:tt l/ b llfl IOOOOOe52 df

Kostak M., Krestov P.V., Okitsu S. 2003. Basic Geomorphological and Geological Characteristics of
Northeast Asia /1 Forest vegetation of Northeast Asia.- Dordrecht. P. 33-49.

Qian H., Song J.-S., Krestov P., Guo Q., Wu Z., Shen X, Guo X. 2003. Large-scale phytogeegraphical
patterns in East A$ia in relation to latitudinal and climatic gradients // Journal of Biogeography. - Vol. 30. P.

129-141.Pleasedownloadpdffrem!tmpILwy!yy,!2is2ss21!us!L!Utt // bosl /fl /OOeOO053 df

Krestov PV, Nakarnura Y. 2007. Clirnatic controls of forest vegetation distribution in Northeast Asia 1/

Berichte der REINHOLD--TUXEN-GESELLSCHAFT. - Vol. 19. P. 131-145. Please download pdf from
htt :1/vwwv.biosoil.rulfileslOOO06053. df

Nakarnura Y., Krestov P.V., Ornelko A.M. 2007. Bioclimate and vegetation complexe$ in Northeast Asia: a

first approximation to integrated study 11 PHYTOCOENOLOGIA. - Vol. 37. N 3--4. P. 443-470. F'[ease
downloadpdffrem!tpt;t!ZLwwyy,!g!igsgU,t!,!!1fi!tt // b l /fleslOOO06037 df
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ARCTIC ZONE

Arctic deserts

In northeastern Asia only Wrangell and Gerald Islands are in the zone of Arctic Deserts, which are char-

acterized by the lack of a closed vegetation cover. Large areas on the islands are covered by talus or rock

outcrops. Crustose and fbliose lichens (species of (}lyrophora, Leciciea, and Rhizocarpon) are most abun-

dant on the stony substrates. On the sites with accumulations of fine soil, futticose lichens (Alectoria,

Cetraria and Cladonia) and mosses (mainly Anduaea popillosa, Pogonatum copillare, Rhacomitrium la-

nuginosum and 71etroplodon mnioides) fbrm the sparse cover. The vascular plants are represented by

Douglasia ochotensis, Artemisia glomerata, Papaver polare, Saussurea tilesii, Scvcij7"aga junstonii, etc.

The bryophytes and flowering plants are scattered and not numerous.

Arctie tundra

The coast of the Arctic Ocean and all of the Chukotka PeBinsi}la north of 650N are covered by tundra

vegetation. The Tundra Zone is subdivided into two subzones: typical hrctic tundra along the /trctic coast

and lichen tundra as the main zonal vegetation on the Chukotka Peninsula and lower Anadyr River basin.

The Far Eastem sectors of the Arctic Polar Desert and Tundra are differentiated from the rest of the

circum-Arctic zone by the presence ofso--called Beringian plant species, which are also common to Alas-

kan and eastern-Canadian sectors ofthe Arctic zone.

Tundra vegetation is characterized by a closed, one-layer cover composed mainly ofperennial plants, es-

pecially dwarfshrubs, mosses and lichens, and by a lack oflarger shrubs and trees. Most typical tundra

plants have their renewal buds no higher than 20-30 cm above the ground and reproduce rnainly vegeta-

tively. All tundra plants are adapted to the short vegetative season with its long period ofdaylight.

Tundra communities vary in composition depending on site edaphic and climatic conditions. Regions along

the Arctic coast are characterized by predominance of sedge and heath communities with Carex spp.,

Eriophorum vaginatum, J7bccinium uliginosum, Betula exilis and leafy rnosses. On the Chukotka Peninsula

sedge communities are also important, but lichen communities with Cladina spp. and sorr}e ericaceous

dwarf shrubs increase.

SUBARCTIC ZONE
Beringian woodland

This area is characterized by the dominance of dwarf trees, the conifer Pinus pumila and broad-leaved

Alnus75"uticosa s.l. This vegetation occurs widely in the basins ofthe Anadyr and Penzhina Rivers, on the

Koriakskiy mountain range, northern halfofKamchatka, southernmost Kamchatka (Lopatka Cape), and on

the Commander Islands and northern Kuril Islands. Kolesnikov (1955) proposed that the presence ofrnore

or less extensive tundra patches on zonal sites should be a criterion for distinguishing the Beringian

woodland area. By this criterion the Beringian woodland area extends due south along the coast ofthe Sea

of Okhotsk to Magadan, including the northern Koni Peninsula. From a total area of35 million hectares

occupied by Pinus pumila communities, 25 million hectares represent its horizontal zone, stretching from

the Kolyma River to Koryakia and northern Kamchatka, roughly between latitude 60 and 680N.

Although the Beringian woodland occurs only in the submaritime, maritime and suboceanic sectors, the

vegetation does gradually change from mainly Pinus pumila thickets inland to maiRly Alnus .f7"uticosa

thickets in coastal areas. Scattered Larix ccu'anderi trees are a stable component of the vegetation, in-

creasing inland. These can fbrm srnall fbrest patches in river valleys and on southern slopes. Mires with

Carex oppendiculata, Eriophorum spp. and !iphagnum spp. occur widely in areas on permafrost. Small

patches of forest dominated by Populus suaveolens and Chosenia arbutijblia occur in river valleys, in

combination with wet grass meadows.
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A main feature of dwarfipine stands is the lack of any generation structure in the canopy due to the con-

tinuous growth. Old-growth stands typically look like completely closed communities, with little or no

moss cover and with very few herbs or dwarf shrubs. A dwarfpine comrnunity may reach this stage after

1OO-150 years. Dwarfpine may regenerate frorn seeds within occasional gaps appearing after disturbances

or forming above dying old basal parts. The process ofnatural regeneration in the old-growth communities

has not been studied.

Dwarfpine is an important species in primary succession on new subalpine aRd subarctic substrates, such as

coastal sand dnnes, lava flows and ash deposits after volcanic eruptions, and areas affected by wildfires.

Seedlings ofPlnus pumila may appear on the new substrate a year after disturbance, growing from seeds

brought by the nutcracker Aitzcip"aga caryocataetes ssp. macrorhynchos in eastem Siberia or N caryo-

ealaetes ssp. kamtschatkensis in the northern Far East. In the first 40-60 years dwarfpine grows in length,

fbrming a well-developed crown by the end ofthe period. New shrubby trees never form a closed cover on

new substrates or on space made available after fire, and the whole stand looks like a well spaced woodland,

with tundra communities developing between the shrubs. Over all this period, new seedlings appear on the

pine-free spaces, gradually forming a closed stand by a stand age of1OO-l50 years.

Light deficiency under the pine canopy lirnits the development ofherb and moss layers, but these layers can

fbrm in old-growth stands with long branches. There is a compiex of species closely related to the pine

thickets in the subarctic or the subalpine belts: Rhododendron aureum, Carex rigldioides, Salix berberijblia,

and Bistoita elliptica. Over the whole range of dwarfpine thickets, the main companions are: Alnus

.fruticosa, Betula exilis, B. mitidendony;07i, Calamagrostis lapponica, Carex lugens, Empetrum nigrum,

Eriopkorum vaginatum, Aconogonum triplerocarpum, Salix fascescens, Petasites /i"igidus, Pinguicula

spathulala, etc. Also, Arctous aipina, Cassiope ericoides, C. tetragona, Diopensia obovala, Hierochloe'

aipina, Loiseleuria procumbens, Salix glauca and Sbussurea aipicola appear at the contacts between

dwargpine thickets and tundra communities. IR dwarfpine communities within fbrest zones, on a wide

range ofecotopes, Pinuspumila may form stands together with Larix cay'anderi, which is present as solitary

trees. Such stands may also include Andromedopolij?)lia, Calamagrostis langsdodi7i, Carex crppendiculata,

C. globularis, Ledum palustre, lvcopodium annolinum, Linnaea borealis, Maianthemum bijblium, Pen-
tapdylloides.77"utlcosa, Rosa acicularis, Salix nzyrtilloides, ,SZ)iraea betulij{blia, PZiccinium nryrtillus, etc.

Eastern Siberian woodland

The dwarCpine zone does not occur in continental areas (Kolyma River), where the arctic zone borders the

Betula divaricala / exilis - willow scrub with scattered larch trees and the forest patches. This association

class is common in the north, north ofthe Suntar-Hayat Mountains but including their southern fbothills.

Communities of this type fbrm the alpine treeline in mountains throughoutthe continental areas. This area

has the most severe climate in Asia, including the "coldness pole" of Oymyakon, where an absolute

minimum temperature of-720C was recorded in 1964 (Anonymous 1966-1971). Average annual precipi-
tation ranges frorri 140 to 170 mm, with 75% fa11ing in summer. At high elevations the precipitation in-

creases to 200-250 mm. Only 40-90 days in a year have a temperature above lOOC. Only 32% of this ter-

ritory is covered by fbrests, which occur mainly in depressions and on lower mountain slopes. Nearly all

larch communities in the area, beside the birches and willows, have Pinus pumila in the understorey, which

may form a closed layer or be present only individually. Species with subarctic or arctic distribution

characterize this vegetation type: Salix arctica, Arctous eyythrocarpa, Aconogenum tripterocarpum, Salix

reliculata, S. pulchra, S. tschuktschorum, Cassiope tetragona, etc.

The prevalence of dry soil promotes the wide distribution of larch-lichen communities. These occur on

southern slopes and ridges with the most severe droughts appearing in summer. The 8-1O m tall larch fbrms

an open canopy (20-40%). Lichens of the geflera Cladonia and Cetraria cover the ground. Carex van-

heurckii, Hierochloe' aipina and Aconogonum tripteroearpum occur sporadically. The most preductive

larch stands, reaching 30 m in height, are fbund in the moderately drained river valleys. These communities

have a well-developed shrub layer composed of Sorbaria sorbijblia, Lonicera eaerulea, and Rosa acicu-

laris, and a well-developed herb layer composed of Calamagrostis langsdonyX}}i, Cacalia hastata, U>"tica

plampbylla, etc.
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Publications en phytesociology efsubarctic zene:

Manu$cript attached. KRESTOV, ERMAKOV, OSIPOV, NAKAMURA. A PHYTOSOCIOLOGICAL STUDY
OF LARIX CAJANDERI AND LARIX GMELINII FORESTS OF NORTHEAST ASIA. Folia Geobotanica - in
part of Betuletea glanduloso--divaricatae

BOREAL ZONE
Eastem Siberian larch area

The larch area is one ofthe largest homogeneous phytogeographical areas in the whole circum-boreal zone.

It stretches from the tundra (continental regions) and Beringian woodlands (maritime regions) in the north

to the coast ofthe Sea of Okhotsk (northem boreal zone) and Arnur basin in the south. Larch forests extend

westward to the Yenisey River, where they are replaced by spruce (Picea obovata) fbrests. The raain fea-

ture ofthe area is the dorninance ofLarix cojanderi s.1. on zonal sites.

Despite the great variety ofecological regimes and climatic conditions in larch communities, the species

compositioR remains surprisingly homogeneous over the whole range from south to north and from west to

east. Several seral species, mainly Betula pla4lpbylla, Popbllus suaveolens afld Alnus hirsuta, may ac-

company Larix ccu'anderi on zonal sites. River valleys are occupied by fbrests ofPopulus suaveolens, Salix

udensis, S. roridu and Chosenia arbutij2]lia.

The dominance of shade-intolerant larch over such a large tenitory is caused by the severe climatic con-

ditions and permafrost, which can be tolerated only by Larix eojanderi.

Since there are very wide plains in this region, most larch stands are represented by a wet sere including the

larch communities with Ledum palustre and with different ,S2?hagnum spp. They are common in the north,

in the Zeya-Bureya Plain, and the last in the lower Amur basin. Nearly all stands have an open canopy and

low productivity. Coinmunities with Ledum palustre occur mainly on flat, rnoderately drained uplands.

Their undergrowth involves Ledum palustre (dominant) mixed with PZiccinium uliginosum, Betula di-

varicata and a moss cover ofPleurozium schreberi. A sphagnum type is similar to that in the previous

vegetation type. The larch fbrests with Carex oppendieulata are restricted to lowlands in the southern part

of the range. These sites have a high but non-stagnant water table. The undergrowth contains Care)c ap-

pencficulata, Adyrica tomentosa, C7zamaedophne calyculata, and Erlophoram spp. as dominant species.

Important companions, usually increasing after fire, are dalamagrostis langsdony;07i and C72amerion (EPi-

lobium) angustijblium, which normally occur on the tops ofsedge mounds. Carex globularis, Aulacomnium

palustre, and &?hagnum girgensohnii occur in the lower areas between the sedge rnounds.

Kamchatka conifer forests

This area lies in the middle ofthe Kamchatka Peninsula, between the Sredinniy and Vostochniy mountain

ranges. Larch and spruce (Picea yezoensis) fbrm the forest here, in the locally submaritime climate made

possible by the mountains that block both Okhotsk and Pacific air rnasses. The area is surrounded by Ber-

ingian woodlands to the north, with Alnusufi"uticosa as a dominant, and by birch (Betula ermanii) fbrests

plus tall-herb meadows to the south, east and west.

Spruce and larch fbrests represent zonal vegetation in the area. Although this is not the northernmost extent

of spruce, it is the coldest part ofthe geographical range ofPicea yezoensis. The spruce fbrests ofthe area

are characterized by the predominance ofcircum-boreal or Pacific--boreal species in all layers.

PiceaJ'eroensis forests have the simplest structure and poor species composition. The tree layer contains

only Picea yezoensis, with some possible admixture ofBetula ermanii at high elevations. Solitary indi-

viduakrees ofbroad--leaved Sorbus sibirica occur under the main canopy. After severe fires these forests

recover through a Larix eay'anderi stage. Occasionally admixtures ofspruce, fbrm the young canopy, and a

canopy oflarch can be found at different stages ofbreakdown.

0n Kamchatka we noted 11O vascular species and 15 main species ofground mosses, Most vascular boreal

geoelements occur widely across the circum-boreal zone. The most important cenobiogroups are taiga

small herbs A(laianthemum bijblium, Chamaezpericlymenum suecicum, etc.; ferns Diplazium siblricum,

Dryopteris expansa and Phegopteris conneclilis; herbs Streptopus streptopoides, Saussurea oJcyodonta, S.

pseudotilesii (only on Kamchatka), Soliclago spiraeijblia and l7eratrum aipestre; the taiga dwarf shrub
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J7bccinium vilis-iciaea; and taiga shrubs Rosa aeicularis, uEetniperus sibiriea, 5Z]iraea beauverdiana and

Ribes triste. Chamae}periclymenum suecicum and Lonicera chamissoi characterize this vegetation type.

Larix cojanderi fbrests in this area dominate on larger area than spruce and represent both natural and seral

communities that occur mainly on sites with intensive disturbance regimes caused by fires or volcanic ac-

tivity, or in areas with a locally subcontinentai climate lying to the south of the "conifer island". The

structure and fioristic composition ofthe larch forests are similar to those in the continental part ofeastern

Siberia. Populus suaveolens, Chosenia arbutij2>lia and Salix udensis forests represent the valley vegetation

ofthe area. Grass meadows are typical fbr the fioodplain ofthe Kamchatka River.

Kamchatka meadow-birchwoed area

Stone birch (Betula ermanii) forms fbrests on zonal sites in southern Kamchatka and the middle Kuril Is-

lands (Iturup, Urup), in a severe sub-oceanic climate with cold surnmers, mild winters, and nearly equal

distribution of precipitation throughout the year. Another important zonal vegetation type, the tall--herb

meadow, develops on areas of snow accumulation. Both vegetation types characterize the cold, wet,

sub-oceanic climate within the northem boreal zone.

Betula ermanii forests occupy zonal sites (mesic, drained, gently sloping) and have the widest distribution

in the area of stone-birch fbrests. The diffk)rences in understorey vegetation reflect differences in the soil

nutrient regime: tall herbs indicate rich soils and medium boreal herbs indicate medium soils. Diagnostic

species fbr the tall-herb communities are Senecio cannabijblius, Filipendula eamtschalica and Cizsium

schantarense, which can dominate in herb layers that may reach 3 m in height. Important companions in the

south are Angelica ursina and Peracarpa circaeoides. Because ofthe dense herb layer, a middle stratum is

absent. A lower stratum may occur as fragmented synusiae of suppressed small taiga herbs, under the

tall-herb stratum: M2iianthemum dilatatum, 7-7ientalis europaea and Circaea aipina. The communities with

boreal herbs have a well-developed layer of medium herbs, of which diagnostic species are: Artemisia

opulenta, Geranium erlanthum, Saussurea pseuclotilesii, Soliciago spiraeijblia, 71P2alietrum minus and

Mbehringia laterijZora (in lower stratum). The lower stratum is well developed, with the prevalence of

M2iianthemum dilatatum, lycopodium clavatum, Chamaepericlymenum canadense, Rubus arelicus, etc.

Alnus,li"uticosa thickets occur on saturated sites throughout the Beringian Woodland area and Kamchatka

and fbrms pure stands on zonal sites in easternmost Koryakia, southeastern Kamchatka, and on the northern

Kuril Islands (Grishin 2000). Within this area, Pinus pumila occupies mainly mountain ridges, very steep

slopes and well-drained substrates, such as alluvium deposits, coarse morainal deposits and surfaces of old

lava fiows. Alnus .f7"uticosa occupies a wide raRge of ecologically different sites frorn sea level to

600-700(900) m.

Alnusfruticosa shows close relationships with many parameters ofthe subarctic suboceanic climate, such

as the Kira warmth index, winter precipitation (snow depth in valleys may reach 5 m), the relatively narrow

annual temperature range (only 490C on the northern Kurils), frequent winter thaws (absolute January

maximum of +130C in the northern Kurils (Anonymous 1966-1971) and very low insolation in summer,

due to fog and cloudiness (total hours <1OOO-1500 per year).

Variation in the community types is caused mainly by edaphic characteristics. Alnusfruticosa with mixed

mesic herb layer are widespread on drier sites with medium soil nutrient regimes. The main zonal com-

munities on the northern Kurils belong to the Dilyopteris expansa and Glyceria alnasteretum types.

Populus suaveolens, C7zosenia arbutijblia and Skelix udensis fbrests represent the valley vegetation. Their

characteristic features are dominance by tall herbs in the herb layer.

Okhotskia dark-cenifer forests

Picea yexoensis is the dominant species in the Western Okhotsk Dark-Conifer Area, occuning in the

submaritime and maritime climates in the middle and southern parts of the boreal zone. Spruce fbrests

within this area cover the southern Dzhugdzhur Range, eastern Stanovoy Range, the area between the Amur

and Uda Rivers, the northern Sikhote-Alin Range, all ofSakhalin, Itv}rup (southem Kurils), and the Pacific

side ofHoltkaido. On the north and west, this area borders the eastern Siberian Larch area. On the south it

contacts the northern-temperate mixed-fbrest area.
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Spruce stands on the mainland nomially involve at least two tree species, Abies nephrolepis and Picea

yezoensis, fbrming a dense fbrest canopy. Picea obovata (in the west) and Picea koralensis (in the south)

may also occasionally be present in the canopy. Differences in eco-biological characteristics of fir and

spruce cause well-expressed cyclic dynamics ofthese spruce--fir fbrests, with domiRance by different spe-

cies in different stages of stand development. In addition te conifers, various broad-leaved species char-

acterize this association class. The canopy of spruce-fir forests rnay contain individual trees or groups of

Sorbus amurensis or Betula ermanii (at higher elevations). Acer ukurunduense occurs and occasionally

fbrms a stratum under the canopy. In the south, spruce-fir forests may be enriched by temperate tree species

such as Acer mono, Betula eostala, fl"axinus mancishuriea, Pinus koraiensis, or 7 ilia amurensis. Normally

the tree layer shows only poor further stratification, if any; if differentiated, the second stratum contains the

same species as the canopy but with greater arnounts ofAbies nephrolepis.

Spruce stands on Sakhalin, in the southern Kurils and on Hokkaido are formed under maritime and oceanic

climates. The main difference from the mainland fbrests is the presence ofAbies sachalinensis in the tree

layer. In contrast to A. nephrolepis, A. sachalinensis in the south can form normal, self-regenerating

mono-dominant stands, even without spruce. In these forests Sorbus commixta rnay occur as individuals in

the canopy, and Acer ukurunduense usually occurs in the understorey as solitary trees or in groups. At high

elevations Betula ermanii occurs in the canopy. In the south, on the Krilion Peninsula of Sakhalin, on

Kunashur and on Hokkaido, temperate tree species such as ]dnlqpanex septemlobus, 1[77(zxinus mancishurica,

and 71ilial'oponica occur as individuals in the canopy. The tree layer may be sorriewhat stratified into two

strata with the same species compositioA.

The range ofPicea glehnii forests in Russia includes only the Mereya basin and the Aniva Peninsula on

southernmost Sakhalin. In this area Picea glehnii stands occur mainly iR rnires and on slopes, sharing these

sites with Larix cojanderi. Picea glehnii also occurs on Kunashir, where it fbrms monodominant cornmu--

nities in mires and mountain slopes. On saturated sites in floodplains Picea glehnii fbrms stands with Larix

eojanderi. Abies sachalinensis and Pieea yezoensis may occur solely, and trees are suppressed. Ledum

palustre dominates in the understorey. Eiphagnumfascum, S. palustre and S. nemoreum fbrm large ground

cushions, with patches ofPolytrichum commune betweeR them. This association group is characterized by

the presence ofRubus chamaemorus and Betula ovalijblia.

ExteRsive fires decreased the modern range ofspruce forests, with secondary larch forests replacing them.

Larch fbrests are the second important vegetation fbrrnation in the area. If seed sources are present and

wildfires do not recur, spruce can replace larch on zonal sites within 1OO-300 years after fire.

The basic vegetation types in river valleys are larch forests and woodlands, Populus suayeolens and P.

meximowiczii fbrests, and Chosenia arbutijblia, Salix udensis and S. rorido fbrests. Grass meadows with

Calamagrostis purpurea develop in the lowest areas. Sedge (Carex ampendiculata) and sphagnum bogs

occur widely across the zone, in depressions with cool-air drainage over permafrost and on poorly drained

sites.

Publications on phytoseciolegy of boreal zone:

Krestov P.V., Nakamura Y. 2002. Phytosociological study of the Picea jezoensis forests of the Far East //

Folia Geobotanica. - Vol. 37. N 4. P. 441-474. Please download pdf from
htt :/lwww.biosoil.ru/file$/OOOOO069. df

Manuscript attached. Krestov, Nazimova, Stepanov, DellaSala. The Temperate Rainfore$t Ark of Northern

Asia
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ln these days lwill accomplish a manuscript on Kamchatka vegetation

NORTHERN SUBZONE OF TEMPERATE ZONE
This zone lies in the basin of the Amur River and on the spurs of the Sikhote-Alin, Badzhal and Lesser

Hingan mountain ranges. The Amur valley permits oceanic air masses to penetrate deeply into the interior,

shifting the eastern boundary of the continental climate considerably further inland. In addition, the con-
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tinental cold air masses continue building over the winter, creating a strong contrast between summer and

winter. Winter temperatures are extremely low fbr a maritime region at 400 latitude (-200C mean fbr

January), and summer temperatures are relatively high (August means to +220C), with high humidity. The

high mean annual temperatures (+2 to +50C), with the strong seasonal contrast, permit occurrence ofa great

variety ofvegetation types on zonal sites. The continentality gradient causes a change in vegetation that

ranges from drought-tolerant oak forests in the interior to species-rich mixed broadleaficonifer forests in

coastal areas. Three areas are recognized in this northerrt temperate zone.

Daurian broad-leaved forests

Most of this area lies in northeastern China, reaching northeastern Mongolia iR the west. On the Russian

territory it appears in the upper Amur basin, called Dauria, and in the basin ofLake Hanka. These areas

have been strongly infiuenced by human activity fbr many centuries, which partly explains the current state

ofvegetation in the area. The modern vegetation cover contains meadows, bogs and fbrests in nearly equal

proponions. Most meadows and some bogs areas were transfbrmed into agricultural lands. The basic forest

type is Mongolian oak (euercus mongolica), fbrming pure stands or mixed with Betula ciavurica. All

components of the forest communities are drought tolerant and fire resistant. Fire is the most irr}portant

factor influencing natural selection in the oak forests. Meadows in the zone occur on sunny, well-drained

slopes (steppe-like meadows) and in lowlands next to boggy vegetation. The characteristic feature of the

meadows is the presence of xeric and xero-mesic herbs and grasses (Cleistogenes kitagawae, Stipa bai-

calensis, Arundinella anomala, different species ofAstragalus, Galium, Scabiosa, Allium, aftd Artemisia,

etc.). Mesic and hygric meadows dominated by MZscanthus saccharij7orus and dalamagrostis langsdony75Ei

occur in lowlands. Pinus densij7ora (near Lake Hanka), P. sylvestris (in the upper Amur), Armeniaca si-

birica, and UZmus macrocarpa form small patchy stands on hill slopes and ridges.

Manchurian mixed forests

This area oftemperate mixed forests (broad-leaved trees plus five-needled Korean pine) lies on the spurs of

the Sikhote-Alin range and the southern spurs of the Lesser Hingan, Bureinskiy and Badzhalskiy ranges.

The main vegetation type is mixed fbrests co-dominated by Pinus koraiensis and various broad-leaved tree

species: Tilia amurensis, Z mandlshurica, Erexinus mandshurica, 2uercus mongolica, Betula costata,

Abies holopbylla (oRly south of 440N), KLilopanax septemlobus, Phellodenduon amurense, and UZmus
7'aponica. In most communities the number oftree co-dominants is 3-5 species. At 600-800 m above sea

level, the temperate communities may be enriched by boreal dominaRts Picea yezoensis and Abies
nephrolepis. Other vegetation types in the area include broad-leaved valley forests of UZmusl' aponica and

B"axinus mandshuriea on old, stable parts ofriver valleys; Populus maximowiczii and Pqpulus koreana (in

fact close species) on younger parts ofriver valleys; and Chosenia arbulijblia on fresh alluvial deposits.

Poorly drained parts of the Ussuri valley are occupied by grass meadows.

Old-growth fbrests in the area have been drastically reduced in the 20th century as a result of fbrest ex-

ploitation and fires. Secondary fbrests are represented by mixed broad-leaved forests with no conifers,

Betula pla4zphylla and Populus tremula forests, and euercus mongolica fbrests with no conifers, de-

pending on site ecological conditions and kind ofdamage.

The mixed fbrests (various broad-leaved trees + Korean pine) of the Russian Far East are a vegetatioft

complex combining sorne peculiarities ofboth nemoral and boreal vegetation. The mixed fbrest is the zonal

vegetation type in the submaritime sector in the northern temperate subzone. These forests occur in the

Russian Sikhote--Alin range aRd in northeastern China (Changbai, Lao-ye and Lesser Hingan mountains).

Relatively isolated tracts offbrest with Korean pine (Pinus koraiensis) are fbund also in southem Korea and

on Honshu island ofJapan, but these stands with Korean pine beloRg to different vegetatien types.

The mixed broadlea£Korean pine forests form lower and middle vegetation belts from sea level to
800-900 m, extending in the south as high as 11OO-1200 m, coexisting and closely interacting with spruce,

larch, and oak forests. The rather large north-south range ofthis forest type and sharp transition from oce-

aflic monsoonal to continental climate have resulted in quite diverse vegetation within the mixed-fbrest

zone. This has been refiected in various schemes of geobotanical districts and on vegetation maps. This

region was not glaciated during the Pleistocene or Holocene, although it currently does border the perma-

frost area to the north. The strong moderr} climatic gradicnts, past marine transgressions, and long period of

uninterrupted vegetation development have permitted much mixing of northern and southern as well as

maritime and steppe elements in the regional flora and vegetation.
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The occurrence ofthe mixed forest between clearly distinguishable boreal and temperate zones has posed

the question whether the mixed forest is temperate or boreal. In recent decades, phytogeographers seem to

have favored the idea that it is temperate. In l958 M. Tatewaki related it to the special "Pan Mixed Forest

Zone," ternperate in nature, which also includes climatically and physiognomically similar,vegetation of

central Europe (Carpathian and Tatra mountains) and ofeastern North America (northem Appalachians and

around the Great Lakes), intermpted in continental interiors by steppes or deserts. Hamet-Ahti et al. (l974)

treated this vegetation as a northern subzone ofthe temperate zene; Sochava (1969b) treated it as nemoral

and Kolesnikov (1963) as temperate. Russian authors have traditionally placed this forest in a special

so-called `Far Eastem coniferous-broadleaf fbrest area' (Ya. Vasiliev 1947, Kolesnikov l961, Lavrenko

1950). In 1956 Kolesnikov suggested naming it the East Asian area of mixed coRiferous-broadleaf fbrests

and related it to the temperate zone. The boundaries of the area coincide generally with those of the

Manchurian floristic area distinguished by Komarov in 1901 and still used by botanists (Komarov

l934-1964, Kharkevich 1985-1996).

Northern Japanese mixed forests

The temperate vegetation in suboceanic southern Sakhalin and the southernmost Kurils (Habomai) differs

from the temperate vegetation on the mainland, in terms ofdominants and species composition, due to the

influence of the Japanese flora. The main vegetation type is mixed Abies sachalinensis-2uercus crispula

forest with sasa (short, ftuticose broad-leaved bamboo). Most of the area lies on Hokkaido, north of the

Kuromatsunai Lowlands, where it borders the area ofEagus crenata fbrests. The zonal vegetation in the

area is mixed Abies sachalinensis-euercus crispula fbrest with an admixture ofbroad-leaved species such

as Kalopanex seplemlobus, 7ilia meximowicziana, and ]F>'axinus mancishurica.

Publicatiens on phytesociology of temperate zone:

Nakamura Y., Krestov P.V. 2005. Coniferous forests of the temperate zone of Asia // Coniferous ferests

(Ecosysterns of the World, Vol. 6). -- . P. 163-220. Please download pdf from
lhbmpyyyysL,.!21gsgiL!1!,!Zfi!gsLQQQ9!ll!ZQ{tt // b l /fl 100000785 df

Krestov P.V., Song J.-S., Nakamura Y., Verkholat V.P. 2006. A phytosociological survey of the deciduous

ternperate forests of rnainland Northeast Asia // PHYTOCOENOLOGIA. - Vol. 36. N 1. P. 77-150 Please
download pdffrom htt ://www.biosoil.ru/fileslOOOOO049. df
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The Temperate Rainforest Ark of Northern Asia

Pavel V. Krestov, lnstitute of Biology and Soil Science, Vladivostok, Russia

Dina l. Nazimova, lnstitute of Forest Science, Krasnoyarsk, Russia
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Dominick A. DellaSala, National Center for Conservation Science & Policy, USA

Box 1 - Rainforest relics: sum-of･-the part$

e

e

e

e

e

e

e

e

Distributed mainly along the coast of Pacific ocean as part of the "green belt of Asia", the world Iongest

uninterrupted gradient of forests from $ubarctic (700N) to tropical latitudes. Most of the rainforests in

Northern Asia is formed under influence of the Pacific monsoon. Another, smaUer fragment occurs in the

mountains of southern $iberia being affected mailly by Atlantic damp air rnasses.

High humidity, relatively high temperature, longer growing season led to formation of the species-rich and

humidity dependent Yezo spruce (Picea lezoensis), Sakhalin fir (Abies sachalinensis), and several

hardwoods (Ftaxinus $pp., 77Iia spp., Phe//odendron amurensis, Juglans spp.) on the Russian Far East
and wite birch (Betula pendu/a), Siberian fir (Ahies sibirica), Siberian stonepine (Pinus sloirica) hurnidity-

dependent forest$ in the mountains of Southern Siberia that could be called the rainferests

High hurnidity, relatively low temperature, shortergrowing season, and extremely heavy snowfall create

unigue ecological conditions supporting alder (AInus fruticosa), Siberian dwarlLpine (Pinus pumila) and

Ermann's birch (Betula et7nannii) forests that could be called snowforests.

Rainforests of the mountains of southem Siberia represent relic vegetation of modem refugium that

occurs in continental areas of Northern Asia near the steppe zone (dry plain without trees).

Relic moi$t nemoral species ($pecies ef temperate broad-leaved forest$) create contrasting eco$ystems

with boreal (fore$ts of northern latitudes) dominants in condition$ of heavy precipitation on the mountain$

catching air masses from the Atlantic Ocean.

Tall herbs are characteristic understorey plants of northern rainforests that developed in conditions of

high humidity and deep snow cover in winter. Snow cover protects buds of herbs from freezing; therefore

the herb cover includes many globally unique (endemic) orchids and plants with $outhern distribution.

Sikhote-Alin forests, also known as `Ussurian taiga', served as a species-rich refuge during the

Pleistocene ice-age that now includes over 1OO globaly unique (endemic) species of plants and animals

with origins dating back to the Tertiary boreo-nemoral biome (time between extinction of dinosaurs and

beginniBg ofthe l)leistocene ice-age).

Endemics include world's largest cat, Amur tiger (Panthera tigris atlaica), an isolated and very small

population of snow leopard (Panthera pardus orienta/is) and the la$t in a world wild population of a

famous medicinal plant, ginseng (Panax ginseng).

Northern Asia Rainforests

Northern Asia is the place where forests are dormant at least several months in the year and blanketed in

winter snows. High humidity, relatively high temperature, longevity of growing season and amount of snew

altogether create a great diversity of ecologicai cenditiens. Since the periods of great aridization in the

Pleistocene and up until now, vegetation in the Northern Asia is transitional between dry and humid

conditions from Arctic to temperate zones. Migrations of drought-tolerant Central Asian species have

enriched the derivate$ of-ancient boreo-tropical (Arcto-Tertiary) ecosystems. They occupied the niches that

were vacated from the relic humidity-dependent species by very short period of drought during the growing

season. Therefore, moi$ture on the territory of Northern Asia in the last 2.5 million years was the most valued

resource for relic rainforests. Humid oceanic regions in every biogeographical zone a$ well as elevated

habitats in montane areas are able to provide conditions that support the longest uninterrupted latitudinal

forest gradient on the Pacific coast: from subarctic dwarf forests to the Malesian tropical forests. We will focus

on the northern part of thi gradient, the rainforests of Northern Asia in boundaries of Russian regions of

Siberia and the Far East.

Northern Asia, an area oM1 million km2 ranging from 420N to 730N latitude and from 900E to 1690W

longitiude, has many contrasts in terrain, climate and vegetation. Terrain of the area varies from the world
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largest plains to very extensive mountain systems rising up to 4000･-5000 m above sea level. Three of the 1O
Iargest rivers in the world occur here, Lena (length 4400 km, basin area 2.490.000 krn2, water volurne per

second l7.000 m3/s), Yenissei (length 5539 km, basip area 2.580.000 km2, watervolume persecond 19.800
m3/s) and Ob' (length 541O km, basin area 2.990.000 km2, water volume per second 12.300 m3/s) deliver

fresh water to the Arctic Ocean and cross this land uniting it as one great ecosystem. The Amur River (length
4440 km, ba$in area 1.855.000 km2, water volurne per second 19.800 m3/s) is the greatest river within the

Pacific Ocean basin. The basins of great rivers fringed by well distinguished mountain chains, such as Ural

Mountains on the west and rnountain systems of Altai, Sayany, Stanovoe nagor'e on the south, create very
large and well intergated ecosysterns at a continental scale <Fig. 1).
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Figure 1. Area of northern Asia with main locations of the rainforests: 1 - Sikhote--Alin Mountains, 2 -- Altay

and Sayany Mountains, 3 --- Kamchatka peninsula. Detailed vegetation maps of framed areas are given

below.

Climate and zonal differentiation of rainforests

Oceans, extensive lands, great plains and mountains altogether create diversity in reglonal and local climates

(Fig. 2). Two basic clirnatic gradients are characteristic to northern Asia: (1) wide latitudinal range re$ults in

major climatic changes from the Arctic zone in the north to the northern temperate zone in the south of

northern Asia; and (2) lecation near the Pacific Ocean causes another type of climatic gradient, that of

continentality. Forests that could be called the rainforests occur in 3 vegetation zones 1) temperate; 2)

hemiboreal and 3) boreal.
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Figure 2. Distribution of annual precipitation (mrn per year, left map) and winter precipitation that includes

only snow (precipitation in months with the rnonthly temperatures below OOC, right map). Most of rain falls in

the costal area of northern Asia, however Sayany and Altai Mountains locally deposits precipitation from the

dump air coming from Atlantic. Winter precipitation demonstrate$ maxima in Kamchatka and, lecally in the

mountains of southern Siberia.
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ln temperate zone, high humidity, relatively high temperature, longer growing season led to formation of the

species-rich and humidity dependent Yezo spruce (Picea Jezoensis), Sakhalin fir (Abies sachalinensis),

Korean stonepine (Pinus kotaiensis) and several hardwoods (Fraxinus spp., 771ia spp., Pheliodendron

amurensis, Juglans spp.) on the Russian Far Ea$t (Nakamura & Krestov 2005),

ln the hemiboreal zone, in southern Siberia, the rainferests are dominated by Siberian fir (Abies sibirica) in

lower and Siberian stonepine (Pinus sibirica) in higher forest belts (Nazimova & Polikarpov 1996). They both

represent relic vegetation of modem refugiurn that occurs in coRtinental areas of Northern Asia near the

$teppe zone (d ry grassy areas without trees).

Boreal zone that occupies the most on northern Asia but has the rainforets tracks only on the Pacific coast,

on Kamchatka peninsula. High humidity, relatively low temperature, shorter growing season, and extremely
heavy snowtall create here unigue ecological conditions supporting dwarf alder (Alnus fruticosa), dwarf-pine

(Pinus pumi/a) and Ermann's birch (Betula ermannii) forests (Krestov 2003) that could be called snowforests.

Vegetation history

Some remarks on vegetation history would be very useful for understanding of modem patterns in distribution
of the rainforests on this territory. The rnodern flora is formed on the basis of the ancestrial boreo-tropical

(Arcto--Tertiary) flora that occupied very extensive areas in the temperate and polarlatitudes of Northem

Hemisphere (Budantsev 1999) in Tertiary. Many authors explain the species richness and high diversity of

rain fore$ts of Northern Asia by the fact that these areas have been unaffected by glaciation throughout the

Pleistocene, or indeed since the high temperatures reached during the Pliocene optimum (Grichuk 1984).

Most of the present species constituting the modern communities had ancestor taxa in the Tertiary ancient

floras. In the most severe Pleistocene glaciations 18-2e theusand years ago Yezo spruce (Picea Jezoensis)

kept its dominant status in the Iower montane belt of the Sikhote Alin range (Grichuk, 1984), which possibly

was a refugium fora number of temperate species (Vasiliev 1958). Within the Sikhote Alin montane coniver
forest belt several species exist in isolated localities far from their main range. The$e specie$ are llex rugosa

(central Sikhote Alin, main range on the offshore islands) and Rhododendron brachycarpum (eastern slope of

the central Sikhote Alin, main range in Japan). The nemoral species Oplopanax elatus occurs exclusively in

the oroboreal belt of the southem Sikhote Alin, and has never been found in temperate communities. The

vegetation of the maximum stage during the la$t glacial period also consisted of drought-tolerant meadows

and larch woodlands on the plains and dark-conifer taiga in the lower mountain belts. During the following
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warming, broadleaved temperate species invaded this territory from warmer and wetter regions in the south.

This is indirectly proved by the great number of endemic species in the broadleaved-Korean pine and

hyperhumid southern Siberia hemiboreal forests.

Most of palaeobiologists reconstructing vegetation dynamics in Pleistocene and Holocene agree in

distinguishing of the following stages of vegetation development.

Pleistocene maximum 18000 years BP is characterized by lowest temperatutes and lowest humidity. Nearly
all Northern Asia was occupied by grass and tundra dwarf shrub that cornposed vegetation perhaps having

no analogs at present. Woods remained only in refugia along the Pacific coast due to the mild climate formed

by oceanic air masses. Climatic fluctuations in PIeistocene were the reasons of repeatation of cold and warm

periods, but, in contrast to other regions of Northern Hemisphere, most of this area was never covered by the

ice shield, and vegetation had uninterrupted development since tertiary. The cold aridic climate in Asian

interior in combiRation with marine regression caused the formation of land bridges between Asia and

America (Beringian land bridge) and between the island arcs and the continent that gave a chance of

migration to many drought-tolerant plants (Grichuk 1984) (Fig. 3). Humidity-dependent vegetation could

survive Pleistocene aridization in refugia, which could keep moisture due to mountain systems faced to the

seas.
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Figure 3. Reconstructed vegetation distribution in the Northeast Asia in Pleistocene Maximum, 18000 BP

(simplified from lgarashi 1993). SignificaRt marine regression ($ea level droped on more than 1OO m) led to

increase ofthe Iand area and formation of land bridges between big islands. Red line shows modern
shoreline. Strong aridization in combination with considerable cooling made the environment in the interior

unsuitable for forests. Only the narrow land strip along the sea coast received enough humidity for forest

survival. Blue line demonstrates hypotetic area, where forest ecosystems could survive in refugia Pleistocene

cooling.
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Warming and increasing humidity in Holocene led to expansion of thermophilic and humidity-dependent

species from refugia and to centraction of ranges ofxeric species invaded the area during Pleistocene

aridization. 5000-6000 years BP nemoral vegetation has reached its maxirnum distrtibution. Perhaps this

period was a time of formation of rain forests in their modern appearance. The clirnatic situation of the last

5000 years is characterized by strong fluctiations in temperature and moisture regimes but has general trend

of cooling and drying. Many forest dominants retrieted from the northernmost of their distributien leaving

replacing them cold tolerant forests enriched with nemoral species.
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Advantage of being wet

The lack of water deficit being favorable for plants feature itself also softens the seasonal climate. Cooler

summers and milder winters of humid oceanic climate in conditions of deficit of heat provide favorable

conditions for frost intolerant plants, which have their northernmost distribution in the rainforests. Smaller

difference between summer and winter temperatures is characteristic to the oceanic regions, where climatic

conditions support the development of rainforests. Mild winters prevented formation of permafrost in

Pleistocene along the Pacific Coast in the high latitudes. Even in northern areas, where the growing season

is too short fortrees, and only dwarf alderand stonebirch are able to form stands, we see the vigorous

populations of the heat-dependent orchids, liiis and ferns. High humidity creates conservative environrnets for

many species in times of climatic changes. Local fore$t of Sakhalin firon Kamchatka peninsula occurs 2000

km away from the main range, endemic genus Microbiota on the Sikhote-AIin Mountains (Fig. 4), localities of

species with Japane$e distribution isolated on the coast of Asian mainland are good examples of Pleistocene

refugia of humidity-dependent species. Late snow melting and abundance of water in early summer, as well

as foggy and rainy weather during the growing season decrease probability or prevent wildfires in the area.

Because of long history (since Tertiary) ef uninterrupted develepment, closennes to species-rich East-Asian

floristic center (Takhtajan 1980) and humidity, plants occupy all possible niches in forest ecosystems that

prevent the invasien of weeds.

ges

ee

Fig. 4. Relic and endemic species Microbiota decussata. Its distribution is rectricted to the Sikhote--Alin Mts.

This is one of few endemic genus of so--ca"ed Manchurian floristic province. Photo by H. Homma.

Seasonal Monsoons and Temperate Rainforests

The distribution of raiRforests along the Pacific coast of Asia is closely related to the area affected by Asian

monsoon. The broadleaved-Korean pine (Pinus koraiensis) forest is a zonal vegetation type in the

submaritime sector of the northern temperate subzone (Fig. 5). It occurs in the Far East of Russia in the

Sikhote Alin Mountains and in northeast China of about 3 millions hectares, but in China these forests were

totaly transformed. The broadleaved-Korean pine forests form the lower vegetation belt frorn sea level up to

800-900 m (Fig. 6). In the southern part of the range they occur up to an elevation of 11OO-1200 m (Krestov

2003), coexisting and closely interacting with spruce, larch, and oak forests. The rather wide distribution of

this forest type from the seacoast inland, where there is a sharp transition from an oceanic monsoon to a

continental climate, have led to marked heterogeneity of vegetation within the zone. Only forests on the

eastern slope of Sikhote-Alin faced to the Sea of Japan receive over 1OOO mm of precipitation per year.

However, the fogs originated from difference in temperatures of air and sea watersupport the development of

epiphytic moss and lichen grouppings on the trunks comparable te humid rainforests of the Pacific Northwe$t

and elsewhere. High humidity also meets the moisture dernands of some Japanese species known from few
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localities on Sikhote･-Alin, including Rhododendron brachycarpum, Vaccinium ova/ifolium, V. praestans,

Primuia Jezoana and others.
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Fig. 5. Distrubution of the Yezo spruce (A), mixed broadleaved-Korean stonepine (B) and Sakhalin fir(C)

rainforests in Sikhote-Alin Mountains and Sakhalin island (frame 1 on the figure 1). Othervegetation types: D

- secondary broadleaved deciduous forests, E -- Cajander larch forests, F - secondary forests of white birch

and aspen, G - secondary stonebirch forests, H -- wet meadows,1--- mesic and dry meadows and croplands,
J -- alpine vegetation. Patterned areas shows anthropogenically transformed forests, intact forests are

unpatterned ($implified from Alsenov et al. 2002). Protected areas: 1 - Bureinskiy nature reserve, 2 -

Oldzhikan$kiy protected area, 3 - Udylskiy protected area, 4 -- Badzhalskiy protected area, 5 --

Kornsomolskiy nature reserve, 6 - Bastak nature reserve, 7 -- Tumninskiy protected area, 8 --- Poronayskiy

nature reserve, 9 -- Khekhtsirskiy nature reserve, 1O -- Botchinskiy nature reserve, 1i. Sikhote-Alinskiy

biosphere nature reserve, 12 - Khankai$kiy nature reserve, 13 - Ussuriyskiy nature reserve, l4 - Lazovskiy

nature reserve.
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Fig. 6. Mixed broadleaved-Korean pine forest$ remained on the slopes of Sikhote-Alin Mts. This is the world-

richest temperate forests in Iatitudinal interval from 40 to 500 N rnaintaining about 2000 humidity-dependent

vascular plants. Photo by P. Kre$tov.

The mixed broadleaved-Korean pine forests have very complicated canopy structure (Fig. 7). The tree layer

normally includes three sublayers, formed by specie$ of different growth forms and different life strategies.

The dominants in the mixed-forest ecosystems have different growth forrns and life strategies. Up to 12 tree

species, including KoreaB stonepine, Manchurian yellow birch (Betula costata), Amurlinden (r71ia amurensis),

Manchurian linden (7: mandshurica), MaRchuriaR ash (haxinus mandshurica), Noseleaf ash (F.

thynchophy/la), Manchurian walnut (Juglans mandshurica), Mongolian oak (Quercus mongo/ica), Japanese
elm (Ulmuslaponica), Castor aralia (Ka/opanax septemlobus), Needle fir (Abies holophyl/a) can be found

growing together in the canopy (upper sublayer). Their usual height is 25-35 m, but op rich sites Korean

stonepine and Needle fir can reach 45 m, exceeding the height of all other canopy trees and forming a sparse

cover above the canopy. An uneven age structure is characteristic of old-growth mixed forests with Korean
pine.
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Fig. 7. The rnixed broadleaved-Korean pine forests have very complicated canopy structure that provides a

variety of ecological niches for animals and birds. Photo by P. Kre$tov.

Despite the high didersity in canopy species, the most important processes in this forest type are controlled

by Korean stonepine, the long-IMng moderately shade-tolerant species. The seeds of Korean stonepine (Fig.
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8) are an important source of energy forlong food chains that start with highly specialized on the pine seeds

small rodents as well as sorrie big representatives of Far Eastern fauna, such as bears and wild boars.
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Fig. 8. Korean stonepine is an important source of energy forlong food chains that start with highly

specialized on the pine seeds small rodents as well as some big representatives of Far Eastern fauna

as bears and wild boars. Photo by P. Kre$tov.

    .4 ss

       nwa       nv      tm       u S -ljdi ee#

."
 s.I g"g'e$tee

 .tst eett' S kalf' ig ""tS '

   t.. .;.ts.
     't F".
     .'a Yif
   . - .diEtt..
¥ss,siss/$ag

...w" ny. <.t.g-

''
{ii';t,"/i."

'
such

A middle tree layer, 12-20 m high, is composed of Mono maple (Acer mono), Manchurian maple (A.

mandshuricum), Manchurian elm (U/mus laciniata), Maximowicz's cherry (Prunus maximowicziD, Amur
maackia (Maackia amurensis), Amur ash (Sorbus amurensis), Japanese yew(laxus cuspidate), and Korean
whitebeam (Micromeles alnifoIia). A third tree layer also occurs in almost all undisturbed mixed fore$ts,

consisting mainly of Sawa hornbeam (Carpinus cordata), Ukurundu maple (Acer ukurunduense), Korean
rnaple (A. pseudosieboldianum) and Amurtree lilac (Ligustrina amurensis), reaching about 6-1O rn in height.

All these are shade-tolerant species, but they differ in ecology and growth form (Fig. 9).
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Fig. 9, Korean rnaple is one of tree species linked to the relict humidity-dependent ecosystems of Eastem

Asia. Photo by P. Krestov.

Shrubs are diverse and abundant in the mixed broadleaf-Korean pine forests. Commonly the shrub layer is

sparse ifnderthe canopy but sometimes very dense in gaps. The shrub layer may merge with otherlayers
due to differences in plant height. If Chrysantha honeysuckle (Lonicera chrysantha), Maxirnowicz's currant

(Ribes maximoviczianum), and Amur barberry (Berberis amurensis) do not exceed 1 m, then Manchurian
hazel (Corylus mandshurica) and Bearded maple (Acerbanbinerve) can reach 6---7 m in height. The shrub
layer is valuable for sapling development, especially in the early stages of post-disturbance $uccession.

An herb layer is usually very well developed and characteristic for the mixed forests. Usually different herb

$pecies are grouped occupying certain ecelogical niches. Because of low light levels iR the forest

understorey, almost all herbs are shade-tolerant, and capable ofintensive vegetative reproduction or long-

term dormancy. The herbs are quite different in growth form and life strategy; most cornpetitive are the

nemoral broad-leaved herb$ with leaves oriented horizontally. The average number of species in a

phytocenosis may vary between 20 and 1OO. The total number of herbaceous understorey species in the
mixed forests exceeds 600. These forests are major habitat for legendary ginseng (Panax ginseng) (Fig. 1O--

11), the valuable plant in a long history of Asian medicine. Its population i$ severly destroyed within original

range. In Korea and China it is cultivated plant. The last wild population remained in Ussurian taiga.

Fig. 1O. Legendary ginseng (Panax ginseng) is valuable plant in a long hi$tory of AsiaR medicine. Its

population is severly destroyed within original range. In Kerea and China it is cultivated plant. The Iast wild

population remained in Ussurian taiga. Photo by.

L
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Fig. 11. Roots of ginseng are the subject for crouds of ginseng-hunter$ during the centures. These roots were

cultivated; this is visible from the wide annual increments on the rootnecks. In the wilderness this species

grows extremely slowly. Photo by.

A special feature of this type of forest is the presence of woody vines, especially Amur grape (V7tis

amurensis), Hardy kiwifruit (Actinidia arguta), Kolomikta (A. kolomikta), Silvervine (A. polygama), Magnolia

vine (Schisandra chinensis), and Oriental staff vine (Celastrus orbiculata). A dense cover of mosses or

lichens l$ usually uncommon on the ground, but very diverse on the trunks.

At altitudes of 11OO-1200 m in Changbai, 800-900 rn in Sikhote Alin and 500-600m on the southern spurs of

the Tukuringra-Dzhagdy and Badzhal'skiy ranges, broadleaved-Korean pine forests gradually give way to
evergreen conifer fir-spruce forests (Fig. 5)that also receive enough moisture to qualify as "rainforests". The

range of the fir-nyspruce forests extends north to the latitude of 55-570.N. In the northern ternperate zone they

constitute the zonal vegetation of the maritime and oceanic sectors of the southern and middle boreal zone of

about 15 millions hectares. The amount of precipitation received by fir-spruce forests increases to 1500--1800

mm per year with -- 30% of this amount falling in winter time.

The main species in the dark-conifer forests is Yezo spruce, forming dense canopie$ 20-25 m high with trees

50--60 cm in diarneter(Fig. 12). Maximum stand height varies from 30 m with 80--85 cm diameters in the

north to 37 m in the $outh. Due to its high shade tolerance, $pruce is less dependent on canopy gap$.

Horizontal stand $tructure is commonly random, but because ofdense rnoss coverspruce rnay regenerate
successfully on decomposing fallen logs and stumps that causes forrnation of small patches within a stand.

The lower tree layer contains suppressed or younger trees of spruce with a mix of Manchurlan fir (Abies

nephroIepis). Shortertrees of Amur ash always occurindividually in the second orthird tree layers.

Fig. 12. The Yezo spruce forests in Sikhote-AIin Mountains. Photo by P. Krestov.

The shrub layer usually cannot develop in dark-conifer forests due to the low light levels under the dense

canopy. Prickly rose (Rosa acicuiaris), Wingy $pindles (Euonymus macroptera), Birch spiraea (Spiraea

betulifoIia) and shrubby Ukurundu maple may form a spar$e shrub layer on mesic sites. At the contact with

the ternperate zone, shade-tolerant nemoral shrubs such as relic Oplopanax elatus may occuriB the spruce
forest$ (Fig. 13). The herb layer may be composed of plants from a pool of about 250 mainly boreal vascular

species, including small herbs and dwarf-shrubs May Iily (Maianthemum bifo/ium), crackerberry (Comus

canadensis), lingonberry (Vaccinium vitis-idaea), and ferns Amur wood fern (Leptorumohra amurensis),

Northern buckler fern (Dtyopteris expansa), Diplazium sibiricum and Pseudocystopteris spinuiosa. The

patchy structure of the herb layer, with clearly distinguishable dominance by certain species in the patches, is

a very characteristic feature for spruce forests.
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Fig. 13. 0plopanax e/atus represents genus that occurs in the wettest regions of the terriperate zone in Asia

and North America. Photo by H. Homma.

Mosses are always pre$ent in spruce phytocenoses on mesic and moist sites. On nutrient-poorsites they

form a continuous cover with no vascular plants. The most cornrnon species on the forest floor are

Hylocomium sp/endens, Pleurozium schreberi, Ptilium crista-castrensis, Rhytidiadeiphus triquetrus,

Polytrichum commune, and Dicranum majus.

On Sakhalin (Fig. 5), southern isles of Kuril arc and on the Pacific side of Hokkaido, Sakhalin fir forms pure

$tands in conditions of cool summers, mild winter$ and precipitation over1500 mm with half or more of that

falling in winter. Humid fir--spruce forests of the Far East are characterized by presence of many

representatives of Japanese flora including the humidity-dependent species that survived severe Pleistocene

cooling and aridization due to refugia capable of holding moisture. The species composition of Sakhalin

forests is enriched by i$laRders rugose holly (Ilex tugosa), Skimmia repens, Evergreen huckleberry

<Vaccinium ovatum), and pubesceBt huckleberry <V. hirtum), the species ofJapanese flora.

$ikhote--Alin forest$, also known as `Ussurian taiga', served as a species-rich refuge duriRg the Pleistocene

ice-age that now includes over1OO globaly unique (endemic) species of plants and animal$ with origins

dating back to the Tertiary boreo-nemoral bieme (time between extinction of dino$aurs and beginning of the

Pleistocene ice--age). Endemics include world's largest cat, Amur tiger(Panthera tigris atlaica) (Fig. 14), an

isolated and very small population of snow leopard (Panthera pardus orientalis) and the last in a world wild

population of a famous medicinal plant, ginseng (Panax ginseng).
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Fig. I4. Tiger's history somewhat repeats the ginseng story: lirnitless hunting, range fragmentation, decrese

of population, urgent protectice efforts, and population stabilization within numbers of 400-500 individuals.

This animal became a symbol of Ussurian taiga, the place highlighted in novels of Arseniev and in famous

movie of Akira Kurosawa "Dersu Uzala". Photo by V. Yudin.

Humidity catchers in the heart of Eurasia

Southern Siberia is a place where boreal zone contact with temperate steppe (dry grasslands). Zonal

vegetation on the plains is represented by steppe under the infiuence of aridic climate changes to humid

broadleaved-Scots pine (Betula penduia+Populus tremula+Pinus sylvestris), Siberian firand Siberian

stenepine forests on lower, medium and higher elevations in the mountains of Altai and Sayany (Fig. t5).

These mountain systems affected by the Atlantic, dump air masses and receive over1,500 rnrn of
precipitation nearly evenly distributed seasonally. The conditions of relatively high temperature and high
humidity at the isolated area of approximately 11300 km2, here in the heart of Eurasia led to forrnation of

specific humid forest types characterized by boreal dominants, well-developed layers of shrubs and tall herbs

reaching a height of 1.5-2 (4) m.

Fig. 15. Distrubution of Siberian fir (A) and subalpine Siberian stonepine (B) rainforests in Altai and Sayany

Alin Mountains (frame 2 on the figure 1). Other vegetation types: C - a complex of dry Sinerian larch and

Siberian stonepine forests, D --- Scots pine forests, E - secondary forests of white birch and aspen, F - alpine

vegetation, G - dry meadows and steppe, H - antropogenically transformed vegetation (simplified frorr}

Alsenov et al. 2002), l- protected area$ (i --- Kuznetskiy Alatau nature reserve, 2 -- Lipoviy Ostrov (nature

monument for protection of site of the relic Tilia cordata ecosystem), 3 - Shorskiy national park, 4 - Altayskiy

nature reserve, 5 - Khakasskiy nature reserve (several clusters), 6 - Shushenskiy Bor national park, 7 -
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Ubsunurskaya Kotlovina nature reserve, 8 - Sayano-Shushenskiy nature reserve, 9 - Ergaki national park,

iO - Stolby nature reserve, 11 - Tofalarskiy protected area, 12 - Azas nature re$erve).

Two basic forest types, Siberian fir(Fig.16) and subalpine Siberian stonepine (Fig. 17) representing upper

vertical forest zenes on the windward slopes of mountain massifs fit to the concept of rainforest here in

condition of as high as it is only possibe humidity at higher elevation of Sayany and Altai mountain systems.

The hurnid mountain areas among very dry region occupied by steppe keep many relic humidity dependent

specle$.

Fig. 16. Siberian fir rainforests of Sayany. At the front there are 2 major dominants: Siberian pine and

Siberian fir. Photo by P. Krestov.

Fig. 17. Subalpine Siberian stonepine forests occurin condition of as high as it i$ only possibe humidity at

higher elevation of Sayany and Altai mountain systems. The humid mountain areas among very dry region
occupied by steppe keep many relic humidity dependent species. Photo by P. Krestov.

Siberian fir forms pure stands in the middle elevations in conditions of high air humidity (Fig. 18). In the lower

part of the belt a mix of Siberian stone pine is characteristic (Fig. 19.), howeverthe stands in that case have

patchy structure with stonepine groupped on elevated and well drained microsites. The tree layer is very

simple and usually includes two storeys represented by the same species in different age er viability states.

The presence of Sorbus sibirica is characteristic to the second storey.
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Siberian fir rainforests from inside Branches of firis coated by kchen Usnea Iongissima

Fig 19 Mixed pine-fir fore$t from inside Photo by P Krestov

Photo by N

Shrub layer is puurly developed, while a herb layer is very dense and diverse ln addition to the circumboreal

species, these forests have a very high proporaoR of nemoral species in the understorey (Fig 20) Most of

nemoral species (Actaea spicata, Asarum europaeum, Brachypodium sylvabcum, Brunnera sibinca, Carex
sylvatica, Chtysosplenium ova/ifoItum, Daphne mesereum, Dentana sibinca, Festuca alhssima, Frangula
alnus, Sanicu/a europaea and Stachys sylvabca) belongs to European and / or Mediterranian flora and occur

at the eastern edge of their distribution However, some Tertiary relict species (Anemone baicalense,

Menispermum dahuncum and llValdsteinia temata) are of East Asian ongin ln addit}on, there are about 40

representatives of nemoral mosses and lichens

The ancestral vegetation of these forest types were heavily suppre$sed by climatic disasters in Pleistocene

and could not maintain their species cemposition or structural features until the present However, the

rriountains of southern Siberia became a peculiar"Noah's ark" for many me$ic herbs and shrubs that

probably constituted different community types before Pleistocene coolmgs and aridization$ (Stepanov 1999)

Perhaps, ecosystems of this type served m Pleistocene as refuge for Siberian linden that at present occurs in

drier climate Modern forest structure as well as species composition of southern Sibena rainforests look

somewhat eclectic and include plants characteristic to subalpme meadows, nemoral and boreal forests

(Ermakov 2003) The rnodern humid and mild climate corresponds to northern temperate type these forests
keep their "boreal" appearance due to long isolation from distribution areas of potential nemoral dominants
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Fig. 20. 0ne of most noti$able representative of humidity-dependent nemoral relict species in Sayany Mts.,

Daphne mesereum. Photo by P. Krestov.

Subalpine Siberian stonepine forests have short (620 m) and relatively sparse monodominant tree layer,

poorly developed shrub layer that include$ Altai honeysuckle (Lonicera altaica) and $ometimes Siberian

juniper (Juniperus sibin'ca) and single-flower cotoneaster(Cotoneaster unifiorus). Herb layer is dense and

composed of medium and tall forbs Aegopodium aipestre, Aconitum septemtrionale, Veratrum /obe/ianum,
grasses Anthoxanthum aipinum, Calamagrostis Iangsdotfi7i, Poa sibirica, and small herbs Viola biflora,

Stellaria bungeana and Cruciata ktylovii. Most of moss diversity is concentrated in the gaps of herb layer

(dominant species are Hyiocomium splendense, Rhytidiadeiphus triquetrus, PIeurozium schreberi) and on the

trunks and branches of Siberian stonepine.

If water is frozen most of year

Kamchatka lies at the northeast edge of Asia, at 51-600N and 156-1630E. The peninsula is constituted by

two main mountain chains, the Sredinnly (middle) aRd Vostochniy (eastern). The Sredinniy range is the main

mountain system of Kamchatka and extends about1OOO km from north to south. The axial part of the range
is a zone of Quaternary volcanism that was glaciated in the Pleistocene. The Vostochniy range unites a

system of $mall ranges dissected by a dense river network. The most seisrnically and volcanically active part

of Kamchatka Iies along the eastem slope and nearthe northern end of the Vostochniy range (Fig. 21). The

climate of Kamchatka is humid and moderately cold, with a humid snowy winter and short cold summer. The
oceanic coastal climate results from cyclones originating in the northern Pacific Ocean and has Betula

ermanii as the zonal vegetation. The cyclones bring darnp Pacific air and produce high precipitation in the

Betula ermanii areas, ranging from 900 mm to 1400 mm per year. The prevalence of cloudy weatherin

summer causes relatively low mean summer temperatures, ranging from 1OOC to 130C, with maximum in
August. Precipitation is distributed nearly equally throughout the year. Maximum snow depth reaches 120-

170 cm.
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Fig. 21. Beauties of Karnchatka: snowed velcanoes in rnidsumrner. Snow is the major factordetermining
development of vegetation in this part of Northern Asia. Photo by P. Krestov.

Forests of Ermann's stone birch characterize the maritime and suboceanic regions of boreal northeast Asia.

Over its whole range stone birch forms well developed vegetation belts in mountains influenced by oceanic

air masses. The elevational limit of the Betula ermanii belt varies with latitude. In submaritime areas on the

mainland, this birch belt is well-developed in the seuth but disappears northward, occurring at 1800--2000 m

on the Changbai, 1200-1800 m in the Sikhote--Alin (Krestov 2003). In the Magadan area, stonebirch forms

community fragments on the seacoast. In maritirne and suboceanic climates, stone birch forms forest belts at

1400-i600 m on Hokkaido, Japan. Ermann's stonebirch extends north through the Kuril lslands to Urup,
where it forms stands from sea level to 400 m; it does not occur in the northern Kurils. About 70% of all

stonebirch forest is in Kamchatka (Fig. 22), where it occurs as an extensive horizontal vegetation zone, over

a wide range of ecologically different $ites (Krestov 2003). The total area of stone birch forests is estimated

as O.7 millions hectares. Betula ermanii does not occur in wetlands or on perrnafrost, but its distribution does

depend, among otherfactors, on $now depth and timing of snowmelt (length of snow-free period).
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Fig. 22. Distrubution of Siberian dwarf pine (A), Yezo spruce (B), Ermann's stonebirch (C) rainforests and

dwarf alder thickets (D) in Kamchatka peBiRsula (frame 3 on the figure 1). Other vegetation types: F - riparian

willow forests, G - secondary forests of white birch and aspen, H --- a complex of Siberian dwarf pine and

tundra,l- a complex of Cajander's larch forests and tundra, J - Cajander's larch forests, K - wet meadows,

L -- alpine vegetation, M - antropogenically transformed vegetation (simplified from Al$enov et al. 2002), N -

protected areas (1 - Kronotskiy nature reserve, 2 - Yuzhno-Kamchatskiy protected area).

Betula ermanii has very wide, low crown$ with side branches deveioped at the same angle as the axial stem.

When the terminal bud of young trees reaches outside the snow cover, the axial shoot is damaged, perhaps
killed by snow abrasion, and is replaced by the shoot from the lateral bud. This is the main reason forthe

crooked stems in many stands (Fig. 23). The late snowmelt and short snow-free period limits potential conifer

competitors. The maximum size of trees is 1.3-1.8 m in diarneter and 15--25 m in height. The recorded

maximum age is 500 years. Betula ermanii dominates the stands, forming a well-developed canopy with a
cover of 70-80%. AInus fruticosa, Pinus pumila and Sombus sambucifolia may form the tall-shrub layer in

stone birch $tands. The herb layer varies widely depending on local site ecology and includes several strata.

Most common in the tallest straturn, reaching 2 rn, is Angeiica ut:sina (in the south aRd west), Herac/eum

lanatum, Senecio cannabifoIius, Cacalia hastata, Cit:sium kamtschaticum, Veratrum aipestre, Aconitum

maximum, Urtica platylphylla and Filipendula camtschatica. This group is usually called `Kamchatkan tall

herbs'. Because the whole Betula ermanii forest area is in a humid climate, and thus has well-developed herb
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layers, a moss-lichen layer on the ground is not abundantt However, the mosses anad lichens are very

diverse on the birch stems.

Fig. 23. Main vegetation on Kamchatka is the forests of Ermann's birch, whose twisted trunks remind the

masterpiece of a Japanese gardener. Creator of this beauty on Kamchatka is snow. Deep snow and its late
melting prevent regeneration of conifertrees in such conditions. Another heroe in this picture is Siberian

dwarfpine. Photo by P. Krestov.

The Siberian dwarf-pine (Pinus pumila) is one of the rr}ost unusual and interesting woody species in its

appearance and adaptations (Fig. 24). It occurs widely in northeastern Asia, forrning a vertical vegetation belt

in mountain systems, but as zonal vegetation type it occurs across suboceanic sectors of the subarctic zone

in conditions of hyperhumid climate with heavy snow covering the ground almost 8 months per year(Fig. 25).

Total area ef Siberian dwarf-pine is about O.75 millions hectares (Anonymous 1990). The territory where

Pinus pumila forrris monodominant communities on zonal sites stretches approximately from 600N to 670N,

within the intensively dissected mountainous terrain of northeasternmost Asia. The ecoform of Siberian dwarf

pine seems not to have an analog among othertree orshrub species. Adaptation to severe climatic

conditions with deep snow cover results in a very specific crown architecture and seasonal dynamics. Many

authors include the growth form of Pinus pumila in the cla$s of dwarf trees. Under favorable conditions (well

developed soil profile), Pinus pumila grows as a dwarf tree with one main stem lying on the ground and well-

developed upwardly growing branches, elevated to about 6 m in the summer. In northern Sakhalin the largest

basal diameters measured were 32 cm, stem length 14 m, and branch height 4 m; on the Shantar lslands the
largest recorded basal diameter was 40 cm,

Fig. 24. Siberian dwarf-pine. Photo by I). Krestov.
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Fig 25 Northem Kamchatka and Siberian dwarf-pine zone This pattern was drawn by snow shallow snow
and its earlier melting led to the formation of small patches of Ermann birch on the sunniest sites, deepper

snow- Siberian dwarf pine, and even deeppersnow-tall herb meadows Photo by P Krestov

Dwarf alder (AInus hatrcosa) thickets increase in this zone towards the Pacific Ocean and appearto be the

dommant vegetatien type en zonal sites on the easternmost Kamchatka (Fig 22 D) and the northern Kurils
on the area of about O 2 mAlion hectares (Fig 26) This vegetation type occurs on saturated site$ throughout

the Beringian Woodland area and forms pure $tands on zonal sites in easternmost Koryakia, southeastern

Kamchatka, and on the northern KurEl lslands in conditEons ef subarctEc subeceanic cltmate charactertzed by

very low amount of heat, high (over1500 mm) precipitation most of which falls in winter, and very low

msolation in summer, due to fog and cloudiness (total hours <1OOO--1500 peryear)

x-.."' , "1:}i L"'"$SIigtktc:.'fva}be"vw.VN".'ny V-.. ".. pt".-,nvx
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Fig 26 lf snow is extremely deep and summen$ cool, the only shrub that can survive is dwarf alder (Alnus

fruticosa) This picture was made in the warmest for Northern Kunl lslands month August Summer
ternperature is not high enough to melt the snow accuimulated durmg Iong winter Photo by P Krestov

Human irnpact

People on the temtory of Northern Asia according to different estimations appeared 400--800 thou$ands years

BP, however, they became a sigmficant forest distrurbance with the begmning of fire use about 40 thousands

years BP On the territory of southern Sibena several ancient cattle-ratsing civthzations (Scythian and Hunn -

800-200 years BC, Turkish - 2000-1OOO years BP, Mongolian - 1OOO-400 years BP and Dzhungarian 400-
300 years BP) changed forest coRditions Granng in combination with wood use for heating caused the first
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deforestation in the mountains of Altai and Sayany. However, the first Russians that arrive in this territory in
17th centurs noticed ancient fore$ts.

The Far Eastern part of Northern Asia before Russians arrived was sparsely populated by about 30
indigenous tribes related to the forest and tundra landscapes: the Chuktchi, Eskimo, Koriak, ltelmen,

Aleutian, Even, Evenk, Nanai, Ulchi, Nivkh, and others. According to 1959 data, the number of native people

was estimated at 50,OOO, which was less than 1% of the current population of the region. In contrast to

southern Siberia, the Far Eastern people represented forest-dependent tribes with poorly or not at all
g,e,"9bOtP2d,,a,9r,YCYAt"Ge,{,,R,V.S95'k",&rs,as,hfx2t,Ae.e.ag,l.eF",,gd,,g,s,oX,t2g.l)RLas,cgn,,tA/n;xlgue,t2g,;.Tt,h,e,gntury･Since

Nowadays, the most important disturbance factors determining the pathway of recovery in temperate and

boreal rainforests are wood harvesting and human-initiated fires. At the background of antropogenically

transformed areas, the natural disturbances, such as winds, natural fires, forest declines by insects became

insignificant.

The maps of potential vegetatioB (Fig. 1) and bioclimatic indices assume a wide distribution of broadleaved-

Korean pine forests on edaphically suitable sites in the maritime sector of the northern temperate zone.

However, the area of this vegetation type has considerably decreased in China and adjacent parts of Russia

west of the Sikhote Alin Mountains. Most authors ascribe this decrease to human activity by the Dzhurzhen

population between 500 and 800 AD. During that period, forests were decreasing in area due to clearing for

agriculture. Since then the area has remained relatively densely populated, and regular fires have supported

the development of vegetation without conifers. In the beginning of the 19th century, the basin of the Ussuri

River was settled by Russians. The first forest records appeared in the second half of that century, but more

extensive forest records from China and Russia date from the time when local and intemational forest

companies started to operate at the beginning ofthe 20th century. According to records from the l890s, the
broadleaved-Korean pine forests on Sikhote Alin covered an area of about 65000 km2 and Abies-Picea
forests about 30000 km2. Nowadays the areas have decreased by 33000 km2 and 4000 km2, or 51 and 14 %

respectively.

The major reasons for the decrease of forest area are extensive Iogging and fires. The area forrnerly covered

with broadleaved-Korean pine forests is now occupied by secondary Betula platyphylla and Larix cajanderi
forests (3500 km2) formed mainly afterlogging and/or single fires, secondary Quercus mongolica forests

(12000 km2) formed afterlogging and regularly repeated fires, especially around settlements, and by

agricultural land (about 15000 km2). The area of Abies--Picea forests decreased only by 4000 krn2; they were

replaced mostly by secondary forests of Betula platyphylla and Larix dahurica. The relatively small decrease

may be explained by the lack of land suitable for agricultural use and the sparse human population. Decrease
in forest area however, does not reflect the decline of the quality of forests as a consequence of the

disturbance regimes and the features of post-disturbance succession in dlfferent vegetation types.Over

seventeen years, change$ iB forest cover in Primorskiy Krai (Anonymous, 1990) were:

Vegetation type

scrub
oak forests

other broadleaved forests
larch forests

broadleaved Korean-pine rainforests

Yezo spruce rainforest$

Yotal forest area

1966

25.1

2301.2
2123.6
4090.1

2439.4
13624.4

116784.2

1983

38.1

3126.8
1733.4
1136.7
21 81.9

13686.3

118869.9

change (%)

+51.8
+35.8
-18.4
+4.3

-" 1O.6

+O.4

+1.8

The potential fore$t area in the northeast of China extends north from the latitude of 40045'N and covers the

provinces of Heilongjiang,Jilin and Liaoning. According to FAO data (Anonymous, 1982), the percentage of

forest coverin these provinces is at present 30---40%, 23--30% and 1O--20%, respectively. Large areas of

natural forest in northeastern China are to be found only in inaccessible high-elevation regions on the Lesser

Hingan and Changbai Shan mountain ranges, while the plains are intensively cultivated and densely

popuiated.
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Most of the rainforests of southern Siberia has been logged in 1960-70th. The industrial logging led to nearly

elimination of significant populations of Siberian stonepine because of its valuable tirnber. Regeneration of

pine takes very long time due to inhibiting effect of tall herb coverin ecosystems of rainforests. The

population of Siberian fir has suffered in less degree, and extensive tracks of this forest type can be found

across the range of isolated Siberian rainforests. They form a unique ecosystem that is very sensitive to the

equilibrium between the air humidity and changing temperature.

Situation in Kamchatka remains much better with Ermann's stonebirch due to the low value of tirnber and

same much worth with the isolated tracks of the relict Yezo spruce fore$ts in central Kamchatka that had

been logged in 1970s. The major factor of forest survival there is very high hurnidity that prevents forest fire.

The major losses from fires are in the formation of Siberian dwarf pine around the settlements.

Two centuries ofindustrial forestry has reduced rainforests by about 60 %. Howeverthe rainforests of

Northern Asia remain up to now most well conserved among the rainforests of the world. The coniferous

forests of Korean stonepine and Yezo $pruce sufferred more than others because of the high value of timber.

Despite the big losses of forests, north Asia stills has extensive reinforests with part ofthem being at different

stage of post-logging and pest-fire recovery.

Conservation issues

Conservation policy in relation to the rainforests usualy chases the forest industry, in accordance with a

principle first cut then protect. Most of nature protection areas were established on formerly logged areas,

and it did work for most successful recovery of the rainforests after disturbances. The rnost effective way for

ecosystem conservation in Russia is the nature reserve, the territory with restricted admittance and fuily

prohibited antropogenic activity. However thare are exclusions, thank to which we still have opportunities to

know how the oldgrowth rainforest may Iook like, Below is the list of the nature reserves with references on

figures 5, 15 aRd 22, their establishment year, area and the type rainforest protected coded as As - Siberian

fir, Ps - Siberian stonepine, Pk - Korean stonepine, Pj - Yezo spruce, Pp - Siberian dwarf pine, Af - Dwarf

alder, Be - Ermann's stonebirch.

Nature reserve name

Altayskiy (Fig. 1 5: 4)

Azas (Fig. 15: 12)

Ubsunurskaya Kotl. (Fig. 15: 7)

Khakasskiy (Fig. 1 5: 5)

Bastak (Fig. 5: 6)

Koryakskiy (Fig. 22: 1)

Year

1967
1985
1993
1999
1997
1995

Sayano-Shushenskiy(Fig.15:8)1976
Stolby (Fig. 1 5: 1 0)

Lazovskiy (Fig. 5: 14)

Sikhote-Alinskiy (Fig. 5: 11)

Ussuriyskiy (Fig. 5: 13)

Khankaiskiy (Fig. 5: 12)

Bolonskiy (Fig. 5)

Khekhtsirskiy (Fig. 5: 9)

Botchinskiy (Fig. 5: 1 0)

Bureinskiy (Fig. 5: 1)

Komsomolskiy (Fig. 5: 5)

Kronotskiy (Fig. 22: 2)

Kuznetskiy Alatau (Fig. 15: 1)

Poronayskiy (Fig. 5: 8)

1925
1957
1935
1932
1990
1997
1963
1994
1987
1963
1967
1989
1988

Area (he.)

881238
300390
39640
267483
91375
327106
390368
47t54
120989
401428
40432
43679
i03600
45439
267380
358444
64278
1142134
412900
56695

Rainforest type State

As, Ps
No raiRforests

Ps
No rainferests

Pk, Pj

Pp, Af

No rainfore$ts

As
Pk
Pk, Pj

Pk, Pj

No rainforests

No rainforests

Pk, Pj

Pj

Pj

Pj

Be, Af, Pp

Ps, As
No raiBforests

primeval

v
primeval

'
logged
primeval

"
logged 1 burned

Iogged / burned

primeval

primeval

-
pt

logged / burned

primeval

logged / burned

logged / burned

primeval

primeval

The reserves created before the wwll contributed their best into the rainforest conservation. Hewever at time

of war their forests suffered from the irregular logging for firewood. Frem the other hand, even reserves

created on the formerly logged areas still may have intact rainforests on the inaccessible for machines sites,

such as steep slopes. The establishment of reserve in the areas after selective cutting leads to the fastest

regeneration of all forest components.

In Russia, other forms of nature protection are practiced. Sorne areas, where one of the nature components

becomes somewhat vulnerable, can be given by $pecial status of protected area (known as zakaznik, from
ancient Russian `to prohibit') with restriction forsome kinds of nature use, for example different kinds of
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huntiRg, logging, mining etc. The areas of traditional forest use in the Sikhote-Alin Meuntains became very

effective tool for keeping largest massifs ofthe broadleaved-Korean pine rainforests in Bikin River, tributary of

Ussuri (Arnur River basin). These forests are permitted to indigenous tribe, the Udege people for hunting. The

intension of hunters to keep high population of game species corresponds to very basic idea of all

conservation strategies that is the maintenance of high diversity of ecological niches.

Since the establishment of forest industry in southern Siberja and the Russian Far East there were several

state lows regulating forest use in different conditions. Due to these regulations, intact forests remained even

in logged areas along the rivers (width of water protective strip depends on the size of river), on the slopes

steeperthan 350 and along the rnountain ridges. To avoid disappearance of mixed broadleaved-Korean pine
forests, it t990s, the logging in Korean pine dorninated forests was prohibited by low that helped to keep

several important massifs of rainforests in Sikhote-Alin mountains.

The world-wide conservation programs on saving rare anirnals turn to the protection of their habitats. The

Amur tiger(Panthera tigris altaica) and snow leopard (Panthera pardus orientalis) represent the tops of the

food pyramids of the Korean stonepine rainforest ecosystems and appeared to be most influenced by forest
area contraction due to the loss of feeding territory and of a number of key prey species. Only -･ 450 tigers

and 29 leopards rernain in Sikhote-AIin Mountains, numbers believed too low to sustain the species. Strict

protection by low and numerous conservation programs allewed slewed the population declines. The major
task now is to avoid fragmentation of habitats that include protection of intact Ussuri taiga.
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b. Tkimperate zoAe

   1) euercus liaoMugensis forest in China

Hai-Mei Ybu (Iitslitule of City and Environment, 1¥tzzhou Nbrmal U)nive7sl4sc Shanghai Road

29, 7bng 57zan Counpt Mizhou City nangsu Province, 22111a China)

Kazue Fajiwara & Qian Tang (institute ofEnvironmental Science and 7lechnology fokohama

Alational Uitiversi4B 7bkiwaclai 79-7, Hbdogaya-Ku, }Z)kohama Ci4L Kanagawa PrEzfZ7cture,

240-8501, .lbpaip

    The deciduous oak fbrests dominated by 2uercus spp. are not only significant vegetation

types in Northeast Asia (including the continental areas, the Korean Peninsula, and the Japanese

Archipelago), but are also the typical type of deciduous broad-leaved fbrest in China. There are

nine main types of deciduous oak forest occuning in different zones and elevations in China,

namely euercus mongolica, 2. Iiaotungensis, 2. serrata var. biievipetiolata, e, aliena, 2. aliena

var. acuteserrata, e. dentata, 9 aculissima, 9 baronii (hemi-evergreen) and 9 variabilis (Wu et

al l995). 2uercus liaotungensis forest is an important type of deciduous oak forest in the

warm-temperature zone (in the Chinese sense), occuning mainly in northeastern China and north

China, confined to hills and mountains in Liaoning, Hebei, Shanxi, Shaanxi, Henan, Gansu aRd

Beljing, and extending into the Korean Peninsula (Fig.l). euercus liaotungensis fbrests also

usually occur around the five big mountain ranges in these regions: the Da Xinggan Ling, the

Yinshan, the Taihang MountaiRs, the Ylinshan, and the Qingling (shan =: rnountain range) (Fig. 2).

    From 2001 to 2007, field study was carried out according to the Braun-Blanquet (1964)

methodology (see F}ijiwara 1987), surveying and collecting 213 relev6s of euercus liaotungesis

fbrest stands in China. From the releves of euercus liaotungesis fbrest stands obtained, the

communities of 2uercus liaotungensis fbrests were summarized into one class, 2 orders,

4alliances, 3 suballiances and 13 communities (fable 1).
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Fig.1 Distribution euercus liaolungensis forests in China.(frorr} Wu: Vegetation ofChina)
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    As a type of deciduous broad-leaved forest in Northeast Asia, the species composing the

2uercus liaotungensis fbrests show great similarities to those of ether deciduous forests (i.e. beech

fbrests and oak fbrests). Common species of these deciduous fbrests are Carex laneeolata,

Polygonatum odbratum, Dioscorea nmponica, vacia unijuga, Aster ageratoides, DeyezDcia

arundinacea, Rubia cordij7olia, Lespedeza bicolor, (LIZmus macrocaizpa, Acer mono, Euoaymus

alatus, Malus baccata, Anemone tomenlosa, Pinus labulaojbrmls, (lelastrus orbiculalus, F>"agaria

orientalis, Berberis amurensis, Leibnitzia anandria, Aeer ginnala, Vitis amurensis and

Convallaria mojalis. The actual vegetation of deciduous oak fbrests, however, has been destroyed

almost completely by hinman activity; euercus liaotungensis forests were influenced less since

they tend to occur at higher altitude than the other oak forests. The habitats and species composing

2uereus liaotungensis fbrests are significantly different from those of the other deciduous forests.

Usually, euercus liaotungensis fbrests (i.e. the Quercetea liaetungensis) are characterized by

species such as 5Piraea pubescens / hirsuta, Patrinia scabiosaojblia / heteropbylla, Populus

dovidiana, Ostnyyopsis duvi( fiana, Rosa xanthina, Prunus sibiricus, Adenophora potaninii, Phlomis

umbTosa, P7ola dissecta, Belula plampbylla, Malus baccata, Artemisia mongolica, Arlemisia

annua, UZmus macrocarpa, and Atractylocies lancea.

    There are two major types (orders) and fbur subtypes (alliances) of actual 2uercus

liaotungesis fbrest in China, which occur in fbur different regions and are closely related to

bioclimatic conditions such as temperature and precipitation (Fig. 3).

The first type (alliaRce) is the Paeonia lactijZora-2uercus liaotungensis forest (i.e. the Paeonio

lactavora-euercetus liaotungensis comm..unity), which occurs on the northeastern Mongolian
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Fig. 2 Study-area locations and Climate diagrams of six nearby meteorological stations.
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    Plateau. Some of the stands have experienced interference by graziRg or cutting, but there are

generally three to fbur structural layers. The canopy has a height of 3m to l3m, with cover values

ranging from 1O% to 90%. These fbrests usually occur on thinner, drier soils derived from granite,

and grasses form a dense understorey. The diagnostic species are Paeonia lactij7ora, Artemisia

sacrorum, Silene Tepens, Euphorbia esula, Geranium sibiricum, Achnalherum sibiricum,

Potentilla 77"agarioides, Acienophora stenanthina, Galium verum, Carex humilis, 1lypericum

altenualum, and lhleriana alternijblia.

    The second type (alliance) is the Deutzia parvijZora-euercus liaotungensis fbrest (i.e. the

Deutzio parviflora--Quercetion liaotungensis all. Prov.), which occurs in the Ji--Liao Mountains

(including hills and mountains in Rorthern and western Hebei, in BeljiRg, and extending to western

Liaoning). The stratification of these fbrests is well developed and usually reveals four layers. The

canopy is closed and attains cover values ranging from 65% to 85%, with a height of 8m to 14m.

The habitats are usually dry, shallow, nutrient-poor brown forest soils derived from limestofle. The

community is characterized by E)7ringa pekinensis, Deuzaia parvijZora, Cornus alba, Abelia bijZora,

Clemalis kirilowii, Skeussurea nivea, IZrcvcinus rhynehop1tylla, Elpiraea trilobata, Synurus deltoicies,

Adenqphora divaricala, Calamagrostis epigeios, and Cailpinus turezaninowii var. SZipulata.

    The third and fbrth type (alliances) are summalized into Acer ginnala-2uereus liaolungensis

fbrest (i.e. the Acero ginnalae- Quercetalia liaotungensis), which occurs on the Jin-Shaan Loess

Plateau (covering mest parts of Shanxi, Shaanxi aRd Gansu). The character and differential species

are Elaeagnus umbellata, Acer ginnala, Cotoneaster multijZorus, Anemone tomentosa, Lonicera

maackii, Lonicera hispido, Rubus mesogaenus, 1?yrus belulaEzfolia, JZitis piasezkii, Cerasus

polytricha, Prunus ciavidiana, Hemistepta lyrata, Dioscorea opposita, and Crataegus kensuensis.

    The third and fbrth type (alliances) are characterized based on precipitation and soils (Fig. 4).

The third type is the vaburnum schensianum-euercus liaotungensis fbrest (i.e. the Viburno

schensiano-Quercion liaotungensis), which grows on drier soils derived from granite and

limestone, and is characterized by species such as Lonieera.feidinandii, Cotoneaster aculijblius,

Polygonalum sibiricum, IZZburnum schensianum, Pinus tabula(zformis, Rosa hugonis, Prunus

tomentosa, Cotoneaster submultij7orus, and Cotoneaster zabelii Another sub-type is vaburnum

sympodiale-2uercus liaolungensis fbrest (i.e. the Viburno sympodiale-Quercion liaotungensis),

which occurs iR the Loess hills; the character and diiiferential species are Lespedeza juncea,

V7burnum sympodiale, Rubia lanceolata, Carpesium abrotanoides, Celtis bungeana, Atfiscanlhus

saccharijZorus, Polygonatum cirrhijbllum, Syringa komarowi, Euoaymus verrucosoicies, ixeris

polycephala, Periploca sepium, Caragana arboreseens, Aspidistra elalior, Polygonatum

verticillatum, KOelreuteria paniculata, Ailanthus altissima, Aieottianthe pseudodipbylex, 2Elpipaetis

helloborine, Asparagus densijZorus, etc. Further, these two sub-types are classified, respectively,

into three and two kinds (suballiances), based on humidity and human impact. Acer

ginnala-euereus liaotungensis forests include three kinds, namely Litsea pungens-2uercus

liaotungensis fbrests (the Litso pungens-Quercenion liaotungensis) occurring in ecotones between

forest and steppe; Hijopophae zhamnoicies-2uercus liaotungensis forests (the Hippophae

rhamnoides-Quercenion liaotungensis) occurring on the edge of steppes; and Berberis

giraldii-9uercors liaolungensis fbrests (the Berberio giraldii-Quercenion liaotungensis) occurring

in loess region. I77burnum sympodiale-euercus liaotungensis forests include two kinds:

Platycladus orientalis-2uercus liaotungensls fbrests (the Platyclade orientalis-Quercenion

liaotungensis) in areas of heavy human disturbance; and Sophora
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Fig. 3 Detrended Cerrespondence Analysis (DCA) biplot ordination ofstudy sites and major

          environmental factors of euercus liaotungensis fbrest in China.

alopecuroides-euercus liaolungensis fbrests (the Sophoro aloecuroides-Quercenion liaotungensis)

in the dry loess hills.

   The attributes of the structural diffbrentiation, especially dominators of each stratMm in the

plant community, vary according to with geographic lecation. The geographical types of euercus

liaotungensis forests are classified by structural differentiation, as shown in Figure 4.
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Table 1. Summary table of Quercus liaotungensis forests in China

Group number
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Mean number of species per relev6s
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2) Warm temperate decidileus forest: Phytoseciological study of decidueus broad-leaved

 forests in the temperate zene ef China. I. Characteristics of different plallt communities

fang Qian & Kazue Fojiwara (institblte ofEnvironmenlal Seience and 7lechnology fokohama

Altitional Uhive7isiztJL 7bkiwadoi 79-Z Hbdogaya-kt, fokohama Ci4}L Kanagawa ProjlectuTe,
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Ybu Hai-Mei (instilute of City and Environmen4 1¥tzzhou Aibrmal Uitiversi()4 S7zanghai Road

29, 7bng Shan Counpt ]kbuzhou City nangsu Province, 22111a China)

Abstract: Based on the Braun--Blanquet methodology, this study investigated deciduous

broad-leaved forests in the so-called warm-temperate zone of China. Seventy releves were

gathered and classified into six types of plant community. We describe each type of

community, including characteristics ofits distribution area, community structure, and species

composition. According to this basic analysis, we can find that 9uereus aliena fbrest,

occuning in Henan Province, is being well protected and shows better development than

2uercus liaotungensis fbrest in north and northwest ofChina.

Key words: deciduous broad-leaved fbrest, warm-temperate zone of China, Braun-Blanquet

          methodology, characteristics of plant community, 2uercus liaotungensis forest,

          euereus aliena forest

Introduction

    Deciduous broad-leaved fbrest is the typical vegetation type in the Chinese bioclimatic

zone called warm-temperate (typical temperate elsewhere). Such fbrests range from 32030' to

42030' N latitude and from 103030' to 124010' E longitude (Wu 1980). In this area, the main

deciduous broad-leaved tree families and genera are as fo11ow: Fagaceae, including 2uercus,

Castanea, and thgus; Betulaceae, which iBcludes Betula, Carpinus,'and Alnus; Ulmaceae,

involving UZmus, Cellis, and Pteroceltis; Acer; Salicaceae, including Populus;

Hamamelidaceae, with Liquiciambar, and so on. Compared with other species, euereus spp.

are always dominant in the tree layer and often fbrm 2uercus mixed fbrests in this temperate

zone of China. Otherwise, such fbrest types as Populus ciavidiana or Betula plampdylla are

also commonly seen in this area.

    The first systematic, comprehensive introduction to the vegetation in temperate China was

published in the l?legetation ofChina (Wu 1980). Since then there have been few publications of

vegetation-ecological research about this region (Chen et al. 1997; Gao et al. 2002). Recently,

some phytosociological studies based on the Braun-Blanquet methodology were performed on

the vegetation ofnortheastern China (Yb et al. 200l; Wang et al. 2006) and in the lower

stretches ofthe Yangtze River (Suzuki et al. 2002, 2003). Even so, phytosociological studies fbr
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temperate China are rarely seen. Phytosociological study using the Braun-Blanquet method has

been perfbrmed in Westem countries for a long time. The BraunBlanquet methodology is very

usefu1 to ecologists in that it facilitates construction ofdata-bases (ofvegetation releves), which

make it possible fbr researchers to compare releve data from other places. The Chinese flora

plays an important role in geobotany. It is thus necessary and meaningfu1 to do comparative

analyses with the vegetation ofother countries. Using the Braun-Blanquet methodoiogy to study

vegetation will be very beneficial fbr future ecological research of China.

    This study attempts to analyze the deciduous broad-leaved fbrests in temperate China

using the Braun-Blanquet methodology. For this paper, we analyze the situation and

characteristics ofcurrent plant communities in this region. In the future, we hope to analyze the

relationships between plant communities alld environmental factors, and to compare with

Japanese deciduous broad-leaved forests.
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Study area

    The study area is in the so-called warm-temperate zone ofChina, where seven study sites

were surveyed (see Fig. 1). In this area the mean annual temperature is 8-140C, the average

temperature of the coldest month (January) is -3 to -220C, and the average temperature of the

warmest month (July) is 24-280C. The average elevation is more than 1500m. Mean annual

precipitation is 500-lOOO mm. Soil types ofthis region are brown fbrest soil and drab soil. The

typical forest type in this area is deciduous broad-leaved fbrest.

Vegetatien investigatien and analysis

    The vegetation was investigated from May to August, 2007. Seventy releves were

recorded by Braun-Blanquet methodology, in Beijing City and in four other provinces of this

region (Henan, Gansu, Shanxi, and Shaanxi). In addition to recording the species composition,

cover, and occurrence frequency in the vegetation, we also recorded environmental variables in

every releve, including elevation, slope aspect, soil moisture, and slope inclination. We also

classified the differenttypes of plant community, based on Braun--Blanquet methodology,

describing the characteristics ofeach community.

Results

Classification

    According to the data from the 70 releves and based on Braun-Blanquet procedures, the

deciduous broad-leaved fbrests in the Chinese zone called warm-temperate can be classified

into six main community types: Schisandua pubescens-2uercus aliena, 2uercus

variabilis-2uercus aliena, Ryrus betulaqfblia-2uercus liaotungensis, Rosa hugonis-2uercus

liaotungensis, Picea meyerl-euercus liaotungensis, and Acer truncatum--2uereus liaotungensis.

Some ofthese communities also have sub-units.

Characteristics ofthe different plaRt communities

1. Schisandrapubescens-euercusalienacommunity(Table1)

    This kind of community occurs mainly in Bao Tian Man Nature Preservation Zone,

which is in Nan Yang City in southwestern Henan Province. The character and different

species ofthis community are: 5Zrhisandra pubescens, Rhus vernicijZua, Acer grosseri, Cornus

kousa var. chinensis, Euoaymus phellomanes, Lindera obtusiloba, Rubus palmatus, Styrtzx

hemsleyana, Abelia bijZora and others.

    The Sbhisandra pubescens-euercus aliena community is located at higher elevation

(l270-1690m). k has relatively many species, with mean number of species sometimes

reaching 50. The coinmunity consists of into fbL}r layers. The height of tree layer is 13-19m,

and its cever ranges from 65% to 85%. Acer grosseri, Cornus kousa var. chinensis, and

euercus glandulijZ?ra var. brevipetiolata are the dominant species in the tree layer. The shrub

layer has 15%-45% cover, with an average height of 2.4m. The main species in this layer

- 116 -



include Acer grosserl, Cornus kousa var. chinensis, Linciera obluslloba, l77burnum betulijblium,

and Abelia bijZoT. The mean cover of the herb layer is 22%, and its height ranges from O.4 to

O.8m. Species such as Phlomls umbrosa, CaTex subj7edij2)rmis, Deyeuxia arundinaeea, and

Aster ageratoides are dominant.

     This plant coirmunity can be divided into two sub-cornmuRities:

     Carex siderosticta: character and differential species are Carex siderosticta, Malus

prunijblia, Ib7rola rotundij7olia, Lilium pumilum, Lespecieza buergeri, Sorbus foigneri, Acer

griseunz, Prunus dielsiaHa and others.

     Styrex1'aponieus: Slyraxl'oponicus and Rubus trianthus are character and differential

species in this sub-unit.

2. euercusvariabilis-euercusalienacommunity(Table1)

     The euercus variabilis-2uercus aliena community is located on Yun Tai Mountain of

Jiao Zuo City, in Henan Province. This community can be distinguished from other plant

communities by the occurrence of euercus yariabilis, Cotinus coggygria var. pubescens,

Clematisfloricla, Rhamnus dovurica, Smil(zx sieboldii, vatis amurensis, and Salvia miltiorzhiza,

which are character and differential species.

     This plant community occurs at lower elevations of45l to 1150 m. The average number

of species of this community is 47. It can be stratified into 3e-4 layers, with the tree layer

ranging from 7 to 17m and having an average cover of 78%. 2uercus variabilis and 2uercus

aliena are the main species in the tree layer and almost constitute it completely. In some

releves, Caizpinus turezaninowil and Cotinus coggygria var. pubescens were also found in the

top tree layer but in quantities much less than euereus variabilis and 2uercus aliena. The

shrub layer can reach a mean height of3m, with average cover of49%. Cotinus coggygria var.

pubescens, Viburnum mongolicum, Carpinus turczaninowii, and Fbzsp?thia suspensa are

dominant species in the shrub layer. The average height of the herb layer is O.47m and mean

cover is low at 17%. In this layer the dominant species are Rubia contijblia, Schisandua

sphenanthera, Smilex sieboldii, De yeuxia arundlnacea and others.

     The 2uercus variabilis-euercus aliena cornmunity has two sub-units:

     Viburnum mongelicum, which can be distinguished by Rhamnus rugulosa,

Rhododenduon molle, Allium anisopodium,Atractylodes maerocephala, Crataegus cuneata,

5Yringa microphylla, 5iporobolus indicus and so on.

     uingtans regia, which can be differentiated by Rabdbsia inj7exa, Artemisia

shangnanensis, Aconitum henryi, Diospyros lotus, Parthenocissus himalayana, Akebia

trij2)liata, Amorpha.fruticosa, ,.h{glans regia, Celtis biondii and so on.

3. Ryrusbetulaoplia-euercusliaotungensiscommuRity(Table1)
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    The I)rus hetulaqfolia -euercus liaolungensis cornrriunity can be fbund in Ma Lan

village and Nan Ni Wan village in Shaanxi Province. Its character and differential species

include 1[lyrus betulaoplia, Ostryopsis ciavldiana, Carpesium cernuum, Cerasus polytricha,

and Prunus dovidiana.

    This community appears at elevations between 1210 and 1420rn. Because some of the

study sites were near the village and at higher elevation, the Ryrus betulaE:folia-euereus

liaotungensis community that we sampled was shorter and had a simpler structure than other

plant communities. Even so, the mean number of species in this community can reach 59, and

it always has three layers. The average height of tree layer is 6.4m, with mean cover about

52%. 2uercus liaolungensis, Acer ginnala, and Prunus dovidiana are the dominant species in

this layer. Shrub-layer height ranges from 1.5 to 3m, and cover l5% to 80%. The dominant

species are Acer ginnala, Rosa xanthina, vaburnum schensianum, Clstryopsis ciavidiana and so

on. Herb-layer height ranges from O.3 to O.8m and average cover reaches abot}t 27%, which is

much rnore than in the other kinds of plant communities seen. Within the herb layer,

Carpesium eernuum, Saussurea peclinata, Viola collina, Polygonatum sibiricum, Ostryopsis

ciavidiana, 2uereus liaotungensis, Ca7ex lanceolata, and Asler ageratoides are some of the

dominant species.

    This community has two sub-units:

     x4!iuga citiata, which can be differentiated by /ijuga ciliate, Euphorbia esula, and

Adenophora elata.

     Rubus parvijbtius, in which Rubus parvijblius, Caragana microphylla, Berberis

brachypodu, Aeanthopancvc setchuensis, Acer stenolobum, 7brexacum mongolicum and

UZmus macrocarpa are the character and different species.

4. Rosahugonis-euercustiaotungensiscemmunity(Table1)

     The Rosa hugonis-euercus liaotungensis community is located on Pang Tong mountain

of Gansu Province, in dry northwestern China. Its character and different species are Rosa

hugonis, 71Pzalictrum foelidum, Aconitum sungnanense, Corylus heterophylla and EPimedium

brevicornu.

     This kind ofplaRt community occurs at much higher elevation (1840-2160m) and has a

simper community structure and lower tree layer. The mean number of species in this

community is 51; its tree layer only reaches about IOm and its mean cover is 63%. In the tree

layer the dominant species are 2uercus liaotungensis, Crataegus kensuensis, Rhamnus

parvijblia, Corylus mancishurica and others. Shrub-layer cover can reach 36%, with a height of

about 2m. Rosa hugonis, Zhalictrum foetidum, Aconitum sungnanense and Corylus

keteropbylla are dominant species in this layer. The herb layer also has somewhat higher cover

at 27%, and its mean height is O.62m. In this layer, Carex lanceolala, Deyeuxia arundinacea,
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BupleuTum chinensis, Smil(zx stans and so on are the dominant species.

S. Piceamayeri-euereusliaotungensiscommunity(Tablel)

    This kind of woody comrRunity is found in Pang Quan Gou Preservation Zone in Jiao

Cheng City bf Shanxi Province. The character and differential species are Picea meyeri, Ribes

bung'ense, Achnatherum sibiricum, Caidamine leucantha, Clematis macropetala and

Chenopodium glaucum.

    The Picea meyeri-2uercus liaotungensis community can be fbund in the mountains at

elevations of 1650 to 2180m. Average cornmunity height is IO.5m, but cover is relatively high

at 76%. The dominant species in the tree layer are euercus liaotungensis, Betula plampbylla,

Slyringa pekinensis and Pieea meyeri. Shrub-layer mean height is 2.5m and average cover is

20%. Species such as Rosa aciculaiis, Elyringa pekinensis, Ribes burojense and Lespedeza

bicoloi are dominant in this layer. The herb layer can reach O.5m and has a mean cover of21%.

For thiS layer, Aconitum coreanum 77zalictrum thunbergii, Angelica sinensis, Saussurea nivea,

Aehnatherum sibiricum and so on are dominant species. The average number of species in this

community is 49.

6. AcertruncaMm-euercusliaoMngensiscommunity(Tablel)

    The Acer truncatum-euercus liaotungensis community occurs on Ling Mountain of

Beljing. The character and different species of this community are Acer truncatum, Rhamnus

utilis, Clematls bTevieaudota, Belula dovurica, kSyringa villosa, Deutzia parvijZora,

Adenophora divaricata, Duchesnea indica, Dracocephalum moldovica and so on.

    This kind of plant community is fbund in a relatively narrow elevation range of 1560 to

1750m. The height of this forest is about 9-14m, and its average cover is 73%. Dominant

tree-layer species are 2uercus liaotungensis, Betula dovurlca, Acer truneatum, Abelia bijZora,

,S7ringa villosa and so on. Mean shrub-layer height is 2.2m, and cover of this layer is 15-50%.

Rhamnus utilis, Abelia bij7ora, 5)7ringa villosa, LS27iraea pubescens and others are dominant

species in the shrub layer. The herb layer ranges from 0.4 to O.8rR high, with cover of10% to

50%. The dominant species in this layer are Aconitum coreanum, 71Pzalietrum thunbergii,

Angelica sinensis, Saussurea nivea and so on. The average number of species in this plant

community is about 56.

Conclusions and discussion

    According to the present investigation, data and classification results, there are six main

types deciduous broad-leaved forest community in the so-cailed warm-temperate zone of

China. 2uercus liaotungensis forest occurs in much drier habitats at higher elevation, but

2uercus aliena forest can always be found much further south and at lower elevation.
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    We also fbund that the fbrests in northwestern ChiBa have not been protected well at all.

For example, the 2uercus liaotungensis forests on Pang Tong mountain in Gansu and at Nan

Ni Wan in Shaanxi are short and have quite simple structure. Other plant communities,

especially the 2uercus yariabilis-euercus aliena community, which occurs in the

nature-preservation zone of Henan, shows characteristics of a natural forest and has been

protected for more than 20 years.
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Tab1e 1. Summary table ofdeciduous broad- leaved forests in warm-temperate China
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Location ofreleves Groups:

A: Bao Tian Man Nature Preservation Zone in Nan Yang City ofHenan Province

B: Yun Tai Mountain in Jiao Zuo City ofHenan Province

C: Ma Lan village and Nan Ni Wan village in Shaanxi Province

D: Pang Tong mountain in Gansu Province

E: Pang Quan Gou Preservation Zone in Jiao Cheng City ofShanxi Province

F: Ling Mountain ofBeijing
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Abstract

   Field data fbr Eagus and deciduous euercus forests were compared in a phytosociological

summary table in order to identify common species and species groups. In all, 4494 releves were

compared, in a table that shows the species composition efthgus and deciduous 9uercus fbrests in

China, Korea, the Russian Far East and Japan. These groups correspond to characteristic

environmental situations: (!) Ilagus fbrests in China occur above ca 1600m in the Evergreen

Broad-Leaved Forests region because ofrr}oisture, and their species composition is unique in Asia; @

Northern euercus forests have two types in cool-temperate China (Manchuria) and the Russian Far

East, namely 9 mongolica forests and 2. Iiaotungensis fbrests; @ 2 Liaotungensis fbrests occur in

drier conditions and at lower temperature in spring than do the 2. mongolica fbrests; @ 9 mongolica

fbrests occur in northeastern China, the Russian Far East, and also in Korea; @ 2. Iioatungensis

forests occur in middle northern China and at higher elevatioRs around Beljing; @ Common Asian

2uercus species, such as e. variabilis, 2. aliena and e. serrata s.1., occur between the evergreen

broad--leaved forest region and the e. mongolica fbrest area; the species composition is similar in

China, Korea and Japan; () Eagus fbrest in Korea is very unique and only one species occurs, on

Ulreung Do island; the species composition is sirnilar to that ofJapanese thgus fbrests; (g) thgus

forests in Japan are oftwo types, influenced by deep winter snow on the Japan Sea side and by

shallow or lack lack ofsnow on the Pacific side. In the Integrated Vegetation Map, 2uereus

mongolica fbrest, Ilagus crenata fbrest and 2uercus fbrest in Japan are shown as part ofthe legend

item fbr Summergreen Deciduous Forests; 9 liaotungensis fbrest is included under Scrub with other

euercus forests.

Introduction

   Deciduous fbrests in East Asia are mainly euercus and Fagus fbrests in the temperate zone. Six

species ofFagus occur and four Fagus fbrest communities are recognized in China, occurring oR

mountains, especially in the evergreen broad-leaved fbrest region. Some thgus fbrests occur

surrounded above and below by evergreen broad-leaved forest (1600m s.l.), in fbggy areas but on

slopes that provide sufficient soil drainage. Such forests thus constitute a thgus fbrest belt, as at

Faajinshan in Guizhou Province. Sometimes Fagus fbrest occurs as patches on ridges, summits or

slopes (e.g. Manshan in Guangxi Province and Bao-Tien-Man Nature Reserve in Henan Province). On

the other hand, only one unique species, Fagus multinervis, occt}rs and composes thgus forest in

Kerea, on Ulreung-Do island. In the Japanese Archipelago, two Fagus species occur and have

potentiality wide habitats because of deep snow accumulation (O.5 to more than 3m sometimes) and

high humidity. Most ofthe Eagus forest has disappeared and been replaced by conifer plantations (as

forestry) and development, but some places are still protected, as World Natural Heritage, scientific

forests, nature preserves, national park, and so on.

   The deciduous euercus forests have wider ranges than do the Fagus fbrests, in Asia as well as on

other continents. Deciduous 2uercus species can tolerate lower ternperatures, drier climates and

human impacts s}ich as cutting. The deciduous euercus fbrests correspond to climate types: 2.

mongolica and 9 crispula fbrests in the cool-temperate zone, and 2. serrata, 2. acutissima, e.

variabilis, 2. dentata, 2. aliena, and others in the warm-temperate zone. Especially in China, about 20

species occur from the temperate zone well into the subtropical evergreen forestzone, sometimes due

to human irnpacts. Species similar to 9. serrata, 9 acutissima, 2. variabilis, 2. dentala, and 9

aliena occur at lower elevations, and 2. mongolica
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Distributionoffugus spp. in China by Kun-fang Cao(l 995)

occurs at higher elevation (due to its greater cold tolerance), but these all may mix in forests greatly

disturbed by human activity. These 2uercus species are similar in Japan except fbr 9 mongoliea,

which corresponds to 2. crispula (former name: 9 mongolica var. grosseserrata). euercus

liaotungensis can tolerate lower temperatures and drier conditions than can 9 mongolica. It occurs in

mid-westem China and at higher elevation than 9 mongolica where the two are contiguous.

Methodology
  The thgus and deciduous 2uercus fbrests were surveyed phytosociological, by the Braun-Blanquet

(l964; cfFojiwara 1987) method, in China and the Russian Far East in 2004-2007. Then all the field

data (releve samples) were compared in a large matrix containing original old data and published data

(see references). The result is shown in Table 1 and Figure 1-2.

Results

The following communities could be recognized
1. Eagus fbrests in China (1-4 in Tablel)

In China thgus is recognized as having five species (Chinese Flora Editing Coirmittee 1998).

Fagus fbrests in China were classified into four associations: a Sinarundinariao

bashersuto-Fagetum lucidae, a Sinarundinariao chungii-Fagetum lucidae, a Sinarundinariao

nitido-Fagetum lucidae, and a Fagetum engleriano-lucidae (Wang Z.-X. and Fvijiwara 2003a,b).

All occur within the evergreen broad-leaved forest region (Figure 1), mostly at l330-1980m in

low mountains of Henan, Hubei, Hunan, Guizhou and Guangxi. Sometirnes patches ofFagus

forest occur surrounded by evergreen broad-leaved fbrest. These associations have many

evergreen species, such as 2uercus gracilis, 9 multinervis, Camellia cuspidnta, 9 osymoron,

and lllicium simonii We also got data from I71 hayatae fbrest in Zhejiang, which has more species

common to Japan, such as lyonia ovalijblia, HYdraHgea paniculata, Clethra barvinervis, Cornus

kousa, and Ardisialmponica.

2. Fbgus and 2uercus forests in Japan and Korea, euercus variabilis fbrest in China (5-30 in Tab. 1)

   Only Eagus multinervis occurs in Korea, on Ulreung-Do island (Kim J.-U. et YimY.-J. 1986).

   This Forest has many endemic species, such as Eagus multinervis, AceT takesimense, A.
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   okamotoanum, Prunus takesimensis, and V7ola takesimana; it also, however, has species common

   with Japan, such as Sasa crilensis, iliburnumfarcatum, H)2duangeapetiolaris, and 2. crispula.

   thgus forests in Japan are oftwo types, occurring in deep snow on the Japan Sea side (Saso

   krilensis-Fagion crenatae) and under drier winter conditions on the Pacific side

   (Sasomorpho-Fagion crenatae). fugus crenata fbrest on the Japan Sea side has species common

   with Ulreung-Do (Tab. 1). On the Japan Sea side there are evergreen shrubs species such as llex

   crenata var. paludosa, L leucopodo, Aucubal'oponica var. borealis, and Cephalolaxus

   harringtonia var. nana, along with evergreen Sasa kurilensis, which tolerate cold winter

   temperatures under accumulated snow. On the other hand, 2[7bgus fbrest on the Pacific side has

                         '   species common with Eagus hayatae fbrests of China, as described on the previous page. Ft}gus

   fbrests also have species common with 9 crispula fbrests in the higher elevations or latitudes in

   Japan. These forests are quite different from the thgus fbrests in China that occur within

   evergreen broad-leaved forests. Japan is surrounded by the sea, so moisture is always more

   available and helps explain the good development ofFdgus forest and sometimes the mixing with

   euercus crlspula. Fbgus forests had been well studied befbre, for example by Sasaki (1970), by

   Hukusima et al. (l995, 2000), and others.

   Fdgus crenata forest in Honshu has a species composition similar to that of 9uercus variabilis and

9 acutissima in China & Korea (which the Chinese call their warm-temperate zone). Viburnum

dilatatum, Lindera obutusiloba, Stezphanandra incisa, etc. occur, but 2. variabilis and e. aliena

forests in west-central China have different species composition (see 4).

3. 2uercus aliena fbrests and 2uercus liaotungensis forests (31-46 in Tab. 1)

   euercus liaotungensis forests occur from Inner Mongolia to an area above lOOOm north ofBeijjng

and from Hebei to Gansu Province in the west. As a species, euercus liaotungensis itself also ranges

into the
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       Fig. 2 Species compositien group ofthgus and 2uercus forests in Asia based on Table 1.

Russian Far East (near Vladivostok). Quercus liaotungensis fbrests characteristically have Ostryopsis

ciavidiana, iSZ)iraeapubeseens, Cotoneasler multijZorus, C. aculijblius, C zabelii, Lonicerafardinandii,

Rosa xanthina, Rosa hugonis, Abelia bijZora, and Viburnum schensianum in the shrub layer, and
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Prunus sibirica, Prunus tomentosa and Crataagus kensuensis in the tree layer. The forests are not tall,

at 1O to 15m, because ofthe dry climate (400-600mm rainfa11 annually), cold winter temperatures

(reaching -30 to -400C) and short growing season, from late May to August. The fbrest floor has many

grassland and meadow species, such as Carex lanceolata, Po(Mgonatum odoratum sl., Aster scaber, A.

ageratoides sl., Smilax stans, Atraetylodes lancea, 7Zpularia szechuanica, Polygonatum sibiricum, and

Dioscorea nipponica. These are similar to the species of MZscanthus grassland and fbrest floor of

secondary forests in Japan.

4. 2uercus mongolica fbrests (47-62 in Tab. 1)

  euercus mongolica forests are well described by Krestov et al. (2006), Wang et al. (2006), and

Wang (2007). 9uercus mongolica fbrests were summarized into a Quercetea mongolicae with two

orders. The order Tilio amurensis-Pinetalia koraieRsis has sub-units Abieti nephrolepidis-Pinion

koraiensis, Abieti nephrolepidis-Pineon koraiensis (six associations, one community),

Brachybotryo-Acerenon mono (six communities) and Corylo heterophyllae-Quercion mongolicae (two

associations, one community); the other order, Aceri-pseudosieboldiani-Quercetalia mongolicae, is in

Korea and has three alliances.

  The rnain habitat of 2uercus mongolica fbrest is in northeastern Asia, including the Russian Far

East, Manchuria and as far south as around Beljing. 2uercus mongolica fbrests have two types of

forest cornposition. One type is a mixture of 9uercus mongoliea and the evergreen conifer Pinus

koraiensis; this type requires moisture and is mostly natural forest. Occurring also in the tree layer

may also be Acanthopanex senticosus, Euoaymus paucijZorbls, 7'71ia mancishurica, Populus duvidiana,

Betula plamphylla UZmus macrocarpa Acer glnnala, B"exinus mandshuriea, etc. In the shrub layer

one can see Philacieiphus schrenkii, Deutzia glabrata, Viburnum sargentii, Ulmus laciniata, Aeer

legmentosum, etc. The forest fioor has many meadow species, such as Polygonatum involucratum,

Q7rex ussuriensis, Phellodenduon amurense, and Cardumine leucantha. These forest-floor species are

common in Fagus crenata fbrests in Japan. The other type of euercus mongoliea forest is drier and

includes secondary forests and forests on steep slopes. Mostly grassland and drier meadow species

occur in this forest floor, such as Viburnum burojaeticum, Carexpilosa, Acienocaulon himalaicum,

Saussurea discoloL Aeonitum randeanum, Stellaria radians, Glycine soja, Brachybot7ys paridijbrmis,

Rubia sylvatica, and Carex callitrichos, with Lespecieza bicolor in the shrub layer. Lespecieza bicolor

can be especially dominant in the forest after fire.

   2uercus mongolica forests and 2uercus liaotungensis fbrests occur over the cool-temperate parts

ofnorthern Asia. In the middle of China, on the other hand, there are so-called warm-temperate (in the

Chinese sense) 2uercbls fbrests with euercus variabilis and e. acutissima. euercus mongolica fbrests

and 2uercus liaotungensis fbrests can be seen above 1OOOm. These fbrests have species in common,

such as Malus baccata, Lonieera ch7 ysantha Berheris amurensis Rhamnus parvij?)lia Euoaymus alatus,

Corylus helerophylla Corylus mandshurica lq>"cvcinus rhynehophylla, Acer ginnala, Euoaymus alatus

Rhamnus parvijblia in the shmb layer, and l7eratrum nigrum, Sedum aizoon and Dioscorea nipponica

in the herb layer.

5. Querco rnongolicae-Betuletea (63 in Tab. 1)

  Ermakov (1997) described Betula dovurica and Betula dovurica-2uercus mongoliea fbrests
summarized into a Querco mongolicae-Betuletea davuricae. k is difflcult to divide two types (see 3)

into two classes. Krestov et al. (2006) discussed dividing 2. mongolica fbrests into two classes.

Afterward Wang and Fiijtwara (2006) tried to clarify these two types and understood that 2uereus

mongolica fbrests in the table of Ermakov (2006) represented wooded savanna (scattered woods in

grassland or meadow). The tree and simb species showed themselves to be diiferent when compared

in the same table (see Tab. 1). Some of the grassland species are common in euercus mongolica
fbrests, but still these species belong to the grassland, such as B"agaria orientalis, E)2nurus cieltoicis,

Paeonia lactijZora, l7icia pseudo-orobus, Aster tataricus, Sedum aizoon, etc. Many species occur in

meadows, such as 71p"ijblium lupinaster, C7zrysanthemum Denduanlhema zawadskii, Galium boreale,

Astragalus membranaceus, S)?iraea media, Artemisia
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      Fig. 3 Environmental Factors for Quercus and Fagus forests in Asia by CCA analysis.

tanacetijblia, Saussurea elongata, Pulsatilla patens, Carex amgunensis, Scomeonera radiata, Elymus

gmelinii, Poa botryoides, Aster aipinus, Adenophora tricuspiciata, Anemonastrum crinitum,
7-]lialictrum oppendiculatum, Lilium douricum, etc.
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4) Riparian forests: syntaxonemic system efthe riparian forests of South Korea

       (excluding UIIeung-Do Island)

Keiichi Ohno (Graduate School ofEnvironment and Information Sciences,

                            Ybkohama National University)

Jong-Suk Song (Department ofBiological Science, College ofNatural Sciences,

                             Andong National University)

Abstract

   The syntaxonomic systern fbr riparian vegetation, including ravine fbrests in the warm-temperate

zone and valley-bottom forests in the cool-temperate zone of South Korea, was surveyed in this study.

The ravine fbrests are classified into three syntaxa: an Acero-Zelkovetum serratae, an Acerpalmatum

var. coreanum-Zelkova serrata community, and an Aconitum loeayanum-Zelkova serrata community.

These syRtaxa generally occur in the talus and colluvium of ravines in the warm-temperate zone of

southern to central regions of South Korea. They are grouped into the alliance Corno-Zelkovion

serratae, which corresponds to the Japanese Zelkovion serratae. The valley--bottom forests are

classified into two syntaxa: a Cimicpmga simplex var. mpica-iF>"cvcinus mancishurica var. 1'aponica

community and a Clematis urticlfolia-UZmus vavidiana community. These syntaxa mostly occur in the

valley-bottorns of ravines in the cool-temperate zone of northeastem South Korea. They are placed in

the alliance Fraxino-Ulmion davidianae, which corresponds to the Japanese Ulmion. These two

alliances can be included in the order Fraxino-Ulmetalia, based on cemmon character species. From

these results we concluded that the order Fraxino-Ulrnetalia, a zonal vegetation type, belongs in the

class group composed ofthe Quercetea mongolicae in South Korea and Fagetea crenatae in Japan.

Introductien

   Several types of riparian forest occur on levees and fluvial terraces aloBg rivers and streams in

South Korea. Each riparian fbrest type has a peculiar species composition, habitat and ecological traits.

Ravine Zelkova serrata fbrests, as riparian forest, are found on alluvial talus and colluvium in the

lower montane belts in the warm-temperate zone, in which most fbrest vegetation censists of

summergreen secondary forests characterized by euercus serrata and 9 variabilis. Valley-bottom

B"axinus mantshurica forests, as another type of riparian fbrest, occur on fiuvial terraces of upper

streams in the montane belt of the cool-temperate zone, in which 2. mongolica is the most dominant

tree.

   As fbr the relation between vegetation zones and syntaxonomic systems in South Korea, evergreen

fbrests in the warm-temperate zone correspond to the class Camellietea japonicae (Kim 1992),

broad--leaved deciduous forests in the cool-temperate zone are equivalent to the class Quercetea
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mongolicae (Song 1988), and coniferous forests in the boreal zone are parallel to the class

Vliccino-Piceetea (Song 1986). Thus, syntaxonomic systems for climatic--clirnax fbrest communities

corresponding to vegetation zones in South Korea are mostly defined. Syntaxonomic systems for

edaphic-climax fbrest communities, such as ravine Zelkova forests and valley-bottom Ibecvcinus forests,

however, are not yet established in this country. Therefore, the authors have done this syntaxonomic

study on the riparian fbrest communities in South Korea (except fbr Ulleung-Do island).

1. Vegetationunitsofriparianforestcommunities

   In several research programs we have studied the riparian fbrest communities in South Korea,

including ravine Zelkova forests and valley-bottom Erexinus forests, phytosociologically. Several

vegetation units ofthese riparian forest communities are describedbelow.

1.1 Acero-ZelkovetumserrataeKirnetYiml988

   Ravine Zelkova fbrests occur ofl Mt. Naejang of west-central South Korea, located in the

warm-temperate southern zone, in which the dominant fbrest vegetation types are secondary or

semi-natural fbrests mixed with deciduous oak trees (2uercus serrata and e. variabilis). These

Zelkova fbrests are classified into the association Acero-Zelkovetum serratae (Kim & Yim, 1988). This

syntaxon is characterized by such character and differential species as Celtis sinensis var. 1' oponiea and

Galium tracbyspermum (Table 1-A).

1.2 Acerpalmatumvar.coreanum-Zelkovaserratacomrriunity

   Similar ravine Zleilkova forests are fbund in Seonunsan (Kim & Yim 1986) adjoining Mt. Naejang

and also occur in the Sanggyesa area ofJin-Do island, in southernmost South Korea, in the evergreen

forest zone (Camellietea region). These Zelkova fbrests are classified into the Acer palmatem var.

coreanum-Zelkova serrata community, which is characterized by such differential species as Acer

palmatem var. coreanum, and 0rixa 1' aponica, and contains floristic elements (Liriope museari,

Hkidera rhombea, Ciphiopogonl'd!ponicus) ofthe class Camellieteajaponicae (Table 1-B).

1.3 Aconitumlocayanum-Zk?lkovaseTratacoinmunity

   Another ravine Zelkova forest occurs on Mt. Chiri, Mt. Kaya, Mt. Kyeryong, Mt. Chuwang and Mt.

Chongnyang. This fbrest type occurs widely from south to north in the warm-temperate zone in South

Korea. It is classified into the Aconitum loe2yanum-Zelkova serrata community and is characterized

by such differential species as Euoaymus alatus £ ciliato-dentatus, Aconitum locayanum, Lespedeza

meximowiezii and vacia unijuga ( [able 1-C).

1.4 Cimicpmgasimplexvar.mpica-F>"axinusmandshuricavar.1mponlcacommunity

   Valley-bottom baxinus fbrests are found on debris fiows in upper streams ofMt. Taebaek, located
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in northeastem South Korea, in the cool-temperate zone, the so-called Quercetea monglicae region.

These jF>eaxinus forests are classified as part of the Cimicpmga simplex var. mpica-B"axinus

mancishurica var. 1'aponica community.

It is characterized by such differential species as Deutziapaniculata, Acer tschonoskii, Pseuclostellaria

dovidii, CimicijEtzga simplex var. mpica, Polystichum braunii and others (Table 1-D).

1.5 Clematisurlicijblia-UZmusdovidianacommunity

   Wetland UZmus forests occur sporadically on talus and on colluvial soils in the montane belts of Mt.

Odae and Mt. Sobaek, located in northeastern South Korea in the northern warm-temperate zone and

also in the cool--temperate zone (Quercetea monglicae region). These UZmus fbrests are classified into

the Clematis urlicijblia-UZmus dovidiana community. It is characterized by svich differential species as

Deutzia glabrata, Clemalis urtieijblia, Galium trij7erijbrme var. nipponicum, vaola variegatea and

Dryopteris monticola ('fable 1-E).

I.6 Como-ZelkovionserrataeKimetYim1988

   The ravine Zelkova forest communities in South Korea are classified into three syntaxa: an

Acero-Zelkovetum serratae, an Acer palmatem var. coreanum-Zelkova serrata comrnunity, and an

Aconitum locayanum-Zelkova serrata community. These syRtaxa are grouped into the alliance

Como-Zelkovion serratae based on such character and differential species as Zelkova serrala, Lindera

erythrocarpa, Ligustrum obtusijblium, l)7ola chaerophylloides and others (higher unit 1 in Table 1).

This alliance corresponds to the Zelkovion serratae (Miyawaki l977; Ohno 1983) in Japan.

   The ravine Zelkova forests of South Korea range from the class Camellieteajaponicae region in

the warm-temperate zone to the class Quercetea mongolicae in the cool-temperate zone. This

distribution pattem means that this syntaxoR, as aR edaphic climax, is an azonal or an extra-zonal

vegetatlon type.

1.7 Fraxino-Ulmiondavidianae(all.nov.prov)

   The valley-bottom F>"exinus fbrests and the wetland UZmus forests in South Korea are classified

into the Cimiciptga simplex var. mpica-F>"exinus mandshurica var. 1'aponica community and the

Clematis urticijblia-UZmus dovidiana community respectively. These syntaxa are grouped into the

alliance Fraxino-Ulmion davidianae, determined by such character and differential species as UZmus

ciavidiana, F>"exinus mandshurica var. 1' oponica, Deutzia prunijblia, Diarrhena 1'oponica and

Cimichij7{ga ciavurica (higher unit 2 in Table l). This alliance corresponds to the Ulmion (Suzuki

1954) in Japan.

   Both the valley--bottom ]Flraxinus forests and the wetiand UZmus fbrests are restricted to region of

the class Quercetea mongolicae in the cool-temperate zone. This distribution pattern means that this

syntaxon, as an edaphic climax, is also an azonal or an intra-zonal vegetation type.
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1.8 Fraxino-UlmetaliaSuz.-Tok.I966em.(ord.prov.)

   The valley-bottom Fraxinus fbrests and the wetland UZmus fbrests in Japan are unified into the

order Fraxino-Ulmetalia (Suzuki 1966). The alliance Fraxino-Ulmion davidianae of South Korea

should probably be combined with this order based on common character species such as Cantamine

leucantha, Staphylea bumaldn, Sambueus racemosa ssp. kamtschatiea, Mkiehania tirtieijblia and

others (higher units 3 in Table 1). Thus, the order Fraxino-Ulmetalia ranges over the Fagetea region of

Japan and the Quercetea region of South ]Korea. These distributional and vegetation-geographical

features mean that the order is an intra-syntaxon belonging to the Fagus-Quercus class group (Ohno

2008, in press). In this case, this syntaxon should be amended according to the phytosociological

nomenclature.
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Table 1. Synoptic table of riparian forest communities in South Korea
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Table　1．　（continued）
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Ta’ble　1．　（continued）
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S) EvergreenBroad-LeavedForest

Song Yongchang, Da Liangtun (Dqpartment ofEnvironmental Sciences, East C72ina Aibrmal Uhiversity)

Elgene O. Box (De:parlment ofGeograpby, Uinive7slty ofGeorgia, Alhens, Georgia, asA)

Kazue Ftljiwara (Graciaale School ofEnvironment and bjormation Scienses, Ybkohama Alalional

              Uitiversity)

The description evergreen broad-leaved forest could describe the potential natural vegetation ofthe humid

tropical, subtropical and warm-temperate zones of the world, including tropical rainforests, subtropical to

warm-temperate "laurel" fbrests, and tropical montane forests. In our mainly extra--tropical study, though,

we are generally dealing with those subtropical and warm-temperate analogs ofthe tropical rainforest that

constitute the potential natural vegetation oflarge parts ofhumid East Asia. These extra-tropical evergreen

broad-leaved fbrests (EBLF), also called "Laurel forests", are composed of trees bearing simple,

intermediate-sized, somewhat glossy, dark green (shade-tolerant) laurophylls, i.e. thin-coriaceous but

mesomorphic evergreen leaves such as are especially characteristic ofthe laurel family (Lauraceae).

       The rnain canopy tree genera of laurel fbrest are Pe7isea (=M27chilus), Cinnamomum,
Beilschmiedia, etc. (Lauraceae); Castanopsis, evergreen 2uercus (:Clyelobalanopsis), and Lithoeaizpus

(Fagaceae); SZ7hima (Theaceae), nex (Aquifoliaceae), M7chelia (Magnoliaceae), and others, all with very

similar laurophyll physiognomy (cf Box et al. 1998). Understorey trees and arborescents are largely from

the same families. Lauraceae tend to be especially important in more coastal areas, while evergreen

Fagaceae tend to become more important inland, especially in southwestem China. Forests dominated by

laurophyll trees are rather dark and somber, with low light levels below the canopy, and are evergreen from

top to bottom. East Asia coRtains the world's largest area of such forests, due to its abundant rainfa11 and

winters without severely low temperatures, at least in coastal areas or on islands.

       In East Asia, laurel fbrests occur south of about 350N latitude: in southeastern China, in drier

southwestem China (Sichuan and Yunnan, with different but largely vicariant species), on Taiwan, in

southern Japan (but extending to 380N along both seacoasts), and across southemmost Korea (see Fug' twara

1981-86, Hara & Yonebayashi 1997, Kira 1991; Song 1988, 1995; Wang 1961, Wu 1980). In Southeast

Asia, laurel forests also ascend into the mountains to form beks oftropical montane forest co-dominated by

Lauraceae and evergreen Fagaceae, plus subtropical Theaceae, Myrsinaceae, Symplocaceae, and
Rubiaceae, but also temperate taxa such as Ericaceae and llex (see Whitmore 1984; cf Box et al. 1991,

Ohsawa l995). Satellite data have suggested that some relatively large areas ofmoRtane rainfbrest and

laurel fbrest rnay remain. From the lowland fbrest to this montane fbrest, leaf size typically changes from

norrnal mesophyll to a mix of srnaller notophyll and microphyll (see Ohsawa 1991, 1995a). Above this

there may be a low, dense, distinctly microphyll cloud forest oflaurophyll treelets covered by mosses and

other epiphytes (c£ Hamilton et al. 1995).

       In humid East Asia, the largest species turnover between the polar region and the tropics occurs

within the bioclimatic zone of evergreen broad-leaved forests -- without major change in the forest

physiognomy. This occurs in the Okinawa Islands of Japan and in southeastem China, as temperate

species abruptly disappear, including many laurophyll tree species, and are replaced by an essentially

tropical flora which includes many new tree genera with essentially the same evergreen broad-leaved

stmcture.

       The mountains ofwarm-temperate to subtropical East Asia represent the only large mountainous

area in those zones in either hemisphere (though smaller areas do occur in Mexico, southern Brazil, eastern

Australia, and northem New Zealand). The various mountain systems of humid East Asia, including the

eastern Himalaya, thus represent areas ofunusual diversity and endemism, especially among what appear

to be relict conifers. In most ofthe area, the lowland biome is evergreen broad-leaved forest, which may

extend well into the montane belt in most places, with well developed Rhodociendron belts and a more

warm-ternperate character. Extensive evergreen oak forests, involving 2uercus semicarpijblia and many

other species, still occur on the southem slopes of the Himalaya and rnay represent a somewhat unique
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warm--temperate forest biome (Zobel & Singh 1997).

       In the transition region ofeastern China (summergreen to evergreen laurel fbrest), two quite

accessible `sacred' mountains have well developed zonations which are well described: Huang-Shan in

southeastern Anhui province and Tianmu-Shan in northern Zhejiang province (see Song et al. 1994: pp.

I74-198). The mountains of Taiwan are especially steep, and the montane laurel fbrests are

consequently relatively well preserved (see Hsieh et al. 1997, Box et al. 1998).

       The largest regions of evergreen broad-leaved forest are in China and Japan. For Japan, the

evergreen broad-leaved forests were already summarized phytosociologically, in great detail, in the

1980s, by Fojiwara (l98l-86) and in the encyclopedic "Vegetation ofJapan" (Miyawaki, ed., 1980--89).

Given its much larger land area, vegetation summaries in China are usually more general. In the Chinese

tradition, forests (and some other vegetation types as well) are usually classified by dominance types,

most commonly involving two co-dominant species (see, for example, Wu 1980, 1995). Since these

areas were already well studied, our fieldwork fbcused more on vast, less known areas such as Siberia

and western China. Nevertheless, Song and Da were able to combine their knowledge of the literature

and their many years of field experience to summarize the evergreen broad-leaved forests ofEast Asia

into a scheme ofcommunity groups and dominance types that span the whole region (see table below).

   Despite our different traditions and perspectives, we (four co-authors) agree in recognizing three

basic types of (extra-tropical) Evergreen Broad-Leaved Forest in East Asia, reflecting differences in

climate, ecophysiognomy, and floristic composition:

l) the typical Laurel Forest ofthe warm-temperate to subtropical zones, with mainly

      summer rain but cooler winters and thus no regular dry season;

2) subtropical Seasonal Evergreen Forest, representing the transition from the perhumid

      warm-temperate zone to the tropical zone with dry winter; and

3) subtropical ornbrophilous fbrest, or Subtropical Rainforest, representing the transition

      from perhumid warm-temperate to perhumid tropical, with no dry period.

In the global climate systern ofHeinrich Walter (as expanded by Box 2005), these three types would

represent, respectively, climatic zones Ve (warm--temperate!hurnid-subtropical), Ve--II (transition to

tropical summer-rain), and Ve-I (transition to perhumid tropical).

      The warm-temperate/subtropical laurel forest has mesophyll but also smaller, somewhat more

coriaceous (but still thin) leaves, as befit its cooler winter; it also has few lianas or epiphytes. The

subtropical seasonal fbrest has more species, mostly subtropical and tropical, and occurs in more

southerly parts of China, as well as southemmost Japan (i.e. Okinawa) and Taiwan. The subtropical

rainforest occurs in the wettest habitats, often in valleys, and shows a much more complex structure

reminiscent of tropical rainforest, with buttressing on trees, abundant lianas and epiphytes, and

large-leaved understorey herbs.

TYpical Laurel Forest

The basic characteristics ofthe typical summer--rain laurel forest, especially in China, were summarized

by Song (1994, l995). It occurs in central and southern Japan, along the south coast of Korea, in the

eastem and western parts of southern China, and in the mountains of Taiwan. Based on habitat and

floristic components, typical laurel fbrest can be divided into four regional subtypes.

 1) SoutheasternChina
    The dominant species composing the tree layer belong tb the genera Castanopsis, Cyclobalanopsis,

Lithocarpus, Mbchilus, Cinnamomn, Schima, andAllingia. Some warmth and humidity-loving conifers

and deciduous trees also occur within these communities, along with a herbaceous layer dominated by

Pteridophytes, including tree ferns. The fiora is composed of Sino-Japanese elements. Diagnostic

species are Cyclobalanopsis glauca, Camelliafratema, C cuspiciata, and C. oleosa. It can be called
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Camellio--(lyclobalanosietea glaucae and can be divided into three groups (Song, 2004), with

dominance types as shown in the table below:

  i). a Lithocarpus-(lyclobalanopsis group, with a wide ecological amplitude and greater cold toleraltce,

mainly occurring toward the north. Diagnostic for this group are cold and drought--telerant species of

Lithocarpus and (lyclobalanopsis, such as Lilhocaizpus glaben L. harlandii, L. hancei; Cyclobalanopsis

glauca, C. nryrsinaEzfolia, C. sessilijblia, C. graeilis, and C. stewantiana.

  ii). a Schima-Castanopsis group, the representative type ofeastern China, occurring widely in what

in Chinese terminology is called the mid-subtropical region. Schima superba, S. argenta and species of

Castanopsis are diagnostic and dominant species.

  iii). a Cinnamomum-MZ2chilus group, a hydrophilous type ofeastern China often seen in moist valleys.

The main component species are Cinnamomum, Mbchilus, Pkoebe and Michelia.

  2) Seuthwestern China
Evergreen broad-leaved forests in southwestern China are fbund rnainly on the northern and central

YunRan Plateau, in Guizhou to the east, and in the mountainous area ofsouthwestern Sichuan. These

fbrests result from the impact ofthe southwest monsoon from the Indian Ocean, which from summer

until autumn brings many rainy days, with heavy precipitation and warm, moist weather. From winter

through springtime the weather is warm aRd dry, because ofthe monsoonal dry air mass and low

precipitation over the continent. The annuakemperature variation is relatively small. Canopy trees bear

somewhat rigid, relatively small leaves, with hairy dorsal surfaces, slightly crooked trunks, and coarse,

thick bark (Song 1988a). This is a drought-adapted, semi-moist evergreen forest, occuning mostly at

altitudes efl600-2500m. The upper tree layer is dominated by species of Castanopsis, Cyclobalanopsis

and Lithocarpus; species such as Cyclobalanopsis glaucoicies, (lyclobalanopsis cielavayii, Castanopsis

orthacansa, Castanopsis delavayii, and Lithocarpus dealbatus are both dominant species and

diagnostic species. These fbrests sometirries have admixtures ofa few deciduous trees, such as Prunus

conradinae and Celtis yunnanensis, and some conifers, such as Pinus yunnanensis, Keteleeria

evelyniana, and Clypressus duclouxiana. There are also many unique, endemic species. The flora is

primarily composed ofChinese-Himalayan elements. This type can be called

Camellio-Clyclobalanopsetea glaucoidis, and divided into two sub-groups.

  i) a Castanopsis-(lyclobalanopsis group, the typical semi-moist type, widely distributed in western

China and the zonal vegetation type ofthe central and northem Yunnan Plateau. Xeromophy is obvious

in this type. Diagnostic and dominant species are (lyclobalanopsis glaucoides, Cy. delavayi,

Castanopsis orthacantha, and Ca. delavayi.

 ii) a Sehima-Lithocarpus group, the montane forest ofthe Yunnan Plateau, in the cloud belt at

2000-2900m. The habitat is warm and moist. Dominant and diagnostic are species ofLithoearpus and

M22nglietia, plus Schima noronhae and species ofthe bamboo genus Chimonobambusa.

 3) Japan and Korea
    The typical laurel forests ofJapan occur mainly in Kyushu, Shikoku, and from Chugoku to central

Honshu, extending to near 370N latitude in coastal areas (Satoo 1983); some authors argue for a limit

further north (e.g. Fojtwara 1981). The upper distributional limit is at about 850m on Kyushu, 750m on

Shikoku, and 600m on Honshu (Satoo 1983). The climate is a typical monsoon climate, but compared

with eastern China, the winter is a little less cold and summer a little less hot. Precipitation is heavier,

and humidity is usually high.

    The laurel fbrest in Japan is very similar to its counterpart in eastern China. The canopy is also

constituted mainly by Castanopsis, Cyclobanopsis and ?hachilus, with Castanopsis euspiciata, Ca.

sieboldii, (lyclobalanopsis glauca, (ly. nryrsinaqfolia and Mbchilus thunbergii as main species.

Understorey species are from families such as Theaceae, Comaceae, and Araliaceae, for example

Camellial'oponica, Aucubal'`rponica, thtsial' aponica, Denduopanex trij}dus,Ilex integra, Alleiolitsea

serica, etc. Herb layers are composed largely ofLiliaceae, Myrsinaceae and Pteridophytes. The main

vines are 7>"achelospermum asiaticum var. intermedium, Hk?ciera rhombea, and Kadeura7mponica, but

these are usually not large lianas. Camellial' aponica is designated as the character species, and the class

was named Camellieleal' aponicae (Miyawaki and Ohba 1963).
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    Evergreen broad-leaved fbrests in Korea are restricted to the south coastal area, where Kira's

coldness index is -70 to -1OOC (Yirn 1977). The fioristic composition in Korea is essentially the same as

in Japan.

    Laurel fbrests ofJapan and Korea were classified into three groups based on the dominant species

and spatial distribution (Numata et al. 1972; Miyawaki 1990); phytosociologically they have been

classified into one class, 3 orders, 8 formations and 56 associations (Miyawaki l981, Fujiwara 1981).

In order to corapare the evergreen broad-leaved forests throughout East Asia, these two systems are

synthesized. The evergreen broad-leaved forests ofJapan and Korea are divided into two groups, based

on eco-physiognomic features and dominant species.

  i) a Lithoca7zpus-Cyclobalanopsis group, or "evergreen oak fbrest" (Numata et al. 1972), dominated

by species of C yclobalanopsis and in some cases also by species ofLithocarpus. This type has a broad

ecological amplitude, is more cold-tolerant, and occurs more in the interior and in mountain regions.

 ii) a M2fichilus thunbergii-Castanopsis group, i.e. the so-called Adochilus thunbergii and Castanopsls

sieboldii forest (Nurnata et al. 1972). The dominant species ofthe tree layer are Castanopsis sieboldii

and, C. cuspidota, accompanied by Minchilus thunbergii, which sometimes can dominate. This group

occurs mainly on terraces and on gentle mountain slopes near the coast, where the habitat is moist and

soil is generally deeper. This group can also be compared with the Adyisino-Castanopsletalia sieboldii.

 4) "Taiwan

    Evergreen laurel forests once covered the entire island but now occur only in the mountains, at

elevations from 800m to 2300m. The upper tree layer is mainly composed of CyclobalanQpsis,

Castanopsis, and Machilus species, such as C)2clobalanopsis longinux, (JY morii, (ly. stenopdylloides,

Castanopsis carlesi, Lithocarpus hawakamii, and A(lachilus thunbergii The herbaceous layer is largely

composed offerns. Some thermophilous conifers and deciduous broad-leaved trees may also be fbund.

(lyclobalanopsis longinux, (ly. morii, Cy. stenophylloides, 7hochodendton aralioicies , Aleolitsea

acuminatissima, Symplocos arisanensis can be recognized as diagnostic species. This type can be called

Castanopsio-Cyclobalanopsetea longinuxi (Song et al. 2003). It is the montane evergreen fbrest of

Taiwan, occurring on the warm, moist mountains throughout the island (Song et al. 2003a, 2003b,

2004).

Subtrepical Seasonal Evergreen BL Ferest
    This fbrest type was named "subtropical evergreen seasonal forest" by Ellenberg and

Mueller-Dombois (1967). In China, though, it is usually referred to as part ofthe "monsoon evergreen

broad-leaved forest" (Wu 1980). It fbrms the transition from `tropical seasonal rain fbrests' (fbrmally

ambiguoi}s in Chinese but apparently meaning seasonal-rain fbrest, not seasonal raiRforest), or

semi-deciduous monsoon fbrest, to evergreen broad-leaved forest; thus it is also lmown as semi-moist

transitional EBLF (Song 1994). The species ofthe upper storeys are mostly thermophilous species of

Fagaceae and Lauraceae, plus many Myrtaceae, Meliaceae, and Moraceae, even a few deciduous

species ofthe `tropical seasonal rain forest' such as Albizia, Englhardiia, and Bauhinia. The lower

storeys have diverse tropical elements such as species ofRubiaceae, Myrsinaceae, Palmaceae,

Leguminoceae, Euphobiaceae, and Rutaceae. Lianas and epiphytic plants, however, are still not as

abundant as in the true rainfbrest, and buttresses and caulifiory are scarcely seen.

    Subtropical seasonal EBLFs mainly occur in the southern part ofChina, on Taiwan, and in southern

Japan. Based on the floristic components the seasonal EBLFs can be divided into fbur subtypes.

  1) Southeastern China
    Subtropical seasonal EBLFs of southeastern China are dorninated by thermophilous species of

Castanopsis, C7mptoearya, such as Castanopsis hystrix, Ca. chinensis, Ca. tonkinensis, Ca. uraiana;

and Cmptocaip2a chinensis, Cx concinna; as well as by species of Beischmiedia, M22chilus, and

,S)7zygium. Some trees ofMoraceae and Elaeocarpaceae are also important company in the upper layers.

The lower-tree and shrub layers are complex, with a great many tropical elements, but lianas and

epiphytes are not as abundant as in rainforest. The diagnostic species are Cmptocarya and
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warmth-loving Castanopsis. This type can be called Cryptocaryo-Castanopsietea, and is divided into

two groups (Song 2004).

  i) a Cryptocarya-Castanopsis group, which is the warmth-loving EBLF ofeastem Chilla,

  occ}Jning on hills and lower mountains ofsouthem Guangdong, Guangxi, and Fng'i'an. The

  dominant and diagnostic species are Cryptocarya chinensis, Cr. concinna, Castanopsis hystrix,

  Ca. uraiana, and Ca. tonkinensis.

 ii) a Machilus-Beilschmiedia group, also warmth-loving but also more moisture-demanding,

   occurring in low mountains at elevations of400-800m in Guangxi. The diagnostic species

   are species ofBeischmiedia and Machilus.

 2) Southwestern China
    This kind of forest is a zonal vegetation of the sBbtropical Yunnan plateau, occurring at

lIOO-1500m. Dominant species are thermophilous Castanopsis species, such as Castanopsis bystrix

and Castanopsis lndica, plus Schima villosa, Schima wallichii, Machilus kumeii, etc. Deciduous species

include Engelhardiia colebrookiana, Allizia chinensis, 1<ydia calycena etc., and there are also some

conifers, like Pimus keatya var. Iangbianenals, Podocaapus imbricatus, and P. nerlijblia. The fiora is

mainly composed ofIndo-Malaysian elements, with many species from the tropical rainforests and

monsoon fbrests. The diagnostic species are warmth-loving species ofMachilus and Castanopsis. This

type can be called Machilo kumaii-Castanopsietea and has two sub-types:

  i) a Lithocarpus-Caslanopsis group, with a very complex species composition. DominaRt and

diagnostic species are warmth-loving species ofLithocarpus and Castanopsis, plus Schima wallichi and

S. villosa.

 ii) a Machilus kumeii-Castanopsis group, occurring mainly on limstone. Dominant and diagnostic

species are Machilus kumeii, Castanopsis bystrix and Sche:ffZera diversijblia.

3) Taiwan
   Seasonal EBLF is the zonal vegetation type ofthe subtropical part (lowlands) ofTaiwan. The

canopy is mainly composed ofthermophilous species ofFagaceae and Lauraceae, such as Castanopsis

carlesii var. sessile, Cryptoca] ya chinensi, Machilusl' oponica var. kusanoi, Phoebeformosana, and

Machilus zuihoensis. Some species of Elaeocarpaceae, Magnoliaceae, Proteaceae, and Ebenaceae are

observed too, such as Sloaneaformosana, MZchelia compress, Heliciaformosan, and Diospyros

morrisiana. Frequently seen species in the shrub layer are ScheUiUera octophylla, 7-7icalyeia dubia,

I2ysochotria cochchinensis, Adyrsine seguinii, Blastus choeinchlnensis, etc. Large woody lianas are

found very often, mostly Bauhinica chamionii, Mussaedoparvij7ora, Stauntonia hexapbylla, Hiptage

bengalensis, Pileastagia viburnoides, Mucuna macrocarpa, and Fissistigma olcthamii (Song et al. 2003;

Song 2004). This type of fbrest, named Machilus-Caslanopsis forest by Su (1984), can also be called

Machilo xuihoeno-Castanopsietea. This type occurs widely on hills and mountains below 800 m.

Diagnostic species are Pithecellobium lucidum, Diospyros morrisiana, Schez6XZera octopbylla, Ardisia

guinguegona, etc. (Song et al. 2003, Song 2004).

 4) SoutherRmostJapan
    The seasonal EBLF ofJapan mainly occurs on the Ryskyu Islands, between 240 and 260 N latitude.

Because the islands are small and cornposed mainly oflimestone and coral reefs, the soil is very thin;

additionally, there is heavy irnpact by human activities, so the seasonal EBLF does not develop well.

The floristic composition in general is quite similar to that ofthe seasonal EBLF on Taiwan and in

southeastern China. The main genera are Beilschmiedia, SchqzWera, Ficus, Macaranga, 727renna,

Lasianthus, Pithecellobium, Bredilia, Mallolus, Murraya, Diospyros Rsychotria, BischoLz97a, MZchelia,

Atlynsine, 71etrpinia, Lagerstroemia, dyathea, Psychotria, and Livistona (Miyawaki & Okuda, 1990).

This type was named Diospyro-Mallotetalia phllippensis by Feji'wara (1981).
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Subtropical Ombrophileus Forest
    Subtropical ombrophilous evergreen broad-leaved forest, also called "subtropical rainforest",

fbrms the transition between tropical rainforest and extra-tropical evergreen broad-leaved forest,

occuning mainly in quite moist valleys. The main difference between this type and the previous two is

that the structure here is much more complex, usually with plank-buttressing, thick lianas, epiphytic

ferns and phanerogams. The physiognomy is more typical oftropical rainfbrest, with many large-leaved

hydrophilous species that have only weak development ofmechanisms for protection agaiRst

transpirational losses.

    Subtropical rainforest occurs mainly on Taiwan and in the southernrnost parts ofsoutheastern

China, including Hong Kong. The herbaceous layer is studded with big-leaved plants and tropical fems.

There are abundant lianas and epiphytes, some quite large. Buttressing, cauliflory, and stranglers are

quite remarkable. Based on floristics, the ombrophilous fbrest can be divided into two subtypes.

 1) Southeastern China
    Subtropical rainfbrests occur in seuthernmost Fejian, Guangdong, Guangxi, and in Hong Kong.

Frequent canopy trees are species ofFlcus, Mbchilbls, ,Syaygium and Castanopsis. The tropical species

ofFicus and imchilus are recognized as diagnostic species, so this type can be called Fico-M22chiletea;

it has two sub-groups.

 i) a sS)2zygium-Castanopsis group that occurs in southern Filj'ian; dominant and diagnostic species

   are Castanopsis uraiana, C. dystrix and Elyzygium hancei.

 ii) a Ficus-Cleistocalyx group that occurs in southem Guangdong, Guangxi, and Hong Kong.

    The dominant and diagnostic species here are Ficus spp. Syaygium spp. Cleistocalyx operculatus,

    Endospermum chinense, Pithecellobium c4zperia, 57eKrulia lanceolata, Aqularia sinensis etc.

 2) Taiwan
    Subtropical ornbrophilous fbrest occurs in Taiwan at lower elevations where precipitation

(3500-4000mm) and temperature (annual mean 18-200C) are both high, especially in moist ravine

habitats. These fbrests are rather tall, with cornplicated stratification, and the canopy looks uneven.

Frequent taxa in the tree layers are Ficus, Z]lysoJcylum buskusense, Lagerstroemia subcoslata, Bischofa

jovanica, Maehilusl'oponica var. kusanoi, and 7-hrizpinia ternata. The shrub layer is more complicated,

perhaps due to frequent disturbance by typhoons. MaiR taxa are Denduocnicia meyeniana, Lasianthus

chinensis, Leea guineensis, and (lyathea species. Large, woody lianas and angiosperm epiphytes grow

luxuriously; among them the main species are: Derris lcaxij7ora, Hiptage benghalensis, Pothos

chinensis, E7 ycibe henryi, Mitcuna macrocarpa, Ficus sarmentosa var. nipponica, andAsplenium nidus.

Buttressing and caulifiory are observed. Tree ferns and other large herbaceous plants are numerous

(Song et al. 2003). This type of fbrest might be similar to the so-called Ficus-ILlachilus fbrest suggested

by Su (1984). The diagnostic species are species ofFicus, imehilus, and dyathea, Alocasia. It can also

be called Fico-imchiletea. In the only recognized grouping, the tree layer is mainly composed ofFicus

species, plus warmth-loving species of Castanopsis and M27chilus. Diagnostic species are Arenga engleri,

Cyatheapodophylla, Calamusformosana, Daemonrops mararitae and Alocasia macrorrhiza.

Perspective

    EBLF in East Asia is a unique vegetation type resulting from the monsoon climate; it is not only

distinctly different from EBLF in the Southern Hemisphere, but also difilerent frorn EBLF elsewhere in

the Northern Hemisphere. The southern part ofEast Asia was less affbcted by Quaternary glaciations,

so the EBLF over this area has preserved many more ancient species than its counterparts of North

America and Europe, and shows more remarkable biodiversity. Ofcourse all ofthese fbrests are direct

descendents ofTertiary evergreen fbrests.

    The EBLF covers large parts ofEast Asia, including westward to 980E longitude. Such a vast area

ofEBLF naturally shows variations due to different climate conditions, floristic cornposition and

ecological characteristics. The north border oftypical summer-rain EBLF in China coincides with the

f}reezing isotherm fbr January and that of subtropical seasonal EBLF coincide with the l5℃ isotherm
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ofmean minimum temperature ofJanuary. EBLFs ofEast Asia can be divided longitudinally into

oceanic (Japan and Korea), moist-continental (eastern China), semi-moist continental (western China),

and moist island sub-type (Taiwan).

    In complexity, the EBLF is second only to tropical rainfbrests. The habitats of EBLF are

enonnously diversified, additionally due to human interference over a long period oftime, which has

greatly complicated the situation and led to the rise ofmany secondary characteristic and transitional

communities. It is thus not easy to classify the EBLF. Until now there have been only two main

approaches to vegetation classification, the eco-physiognomic and the fioristic. The later caR be divided

further based on its focus on character species versus dominance types. Beard (1980) pointed out "It

would seem that a desirable goal fbr the future should be the marrying ofthe two approaches into a

single system of classification, wherein floristic units are combined by their structure into

physiognomic units". We have accepted this idea and set up a classification scheme for EBLF; the

higher-ranked units are based on physiognomy, and the median and lower units on species composition.

At the same time the role ofdominant species and diagnostic species is also considered (Song 2004).

Such an integrative framework is needed in order to compare vegetation types over large, diverse areas.
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Cemmunity Groups and Canopy Deminance Types in the East Asian Laurel Ferests
                    (from Song and Da, manuscript in preparation)

Comrnunity Groups Dominance Types

TYpical Laurel Forest

1) Southeastern China
  Lithoearpus--Cyclobalanopsis

Schima-Castanopsis

Cinnamomum-Machilus

C ycl. glauca, Castanopsis sclerophylla, Lith. glaber
(lyclobal. nry7:sina(zlZ)lia, C. gilva, C. sessilijblia

(lyclobalanopsis stewardiana, C. gracilis

Lilsea coreana var. sinensis-Lithocarpus harlandii
Cbeclobalanopsis oJryodon, C. multinervis

2uercus engleriana-Lithocarpus cleistocarpus
Schima superba, Castanopsis eyrei
Schima argenta, Castanopsis eyrei
Castanopsis carlesii, Castanopsis.fargesii

Alnipbyllumfortunei-Castanopsis tibetana
Schimasuperba-Castanopsis.17ssa
Castanopsis lamontii, Ca.foidii, Ca.fabri

Castanopsis kawakami
Altingla graeilipes, Altingia chinensis

GoTdenia acuminata-Cast. carlesii var. spinulosa

Schimacrenata-Castanopsisplatyacantha
Machilus thunbergii

Cinnamomum subevenium, Cinnamomumlmponicum
Phoebe sheareri, Machilus leptopbylla

Phoebebournei, Machiluspauhoi
Machilus microcaizpa, Phoebe zhennan
A`fichelia maudiae

2) Southwestem China
  Castanopsis-(lyclobalanopsis

Schima-Lithocarpus

(lyclobalanopsis glaucoides
C yclobalanopsis delavayii

Castanopsis orthacantha
Castanopsis cielavayii

Lithocarpus craibianus
Lithocarpus eehinophorus
Lithocaizpus echinotholus
Lilhocarpus rylocarpus
Lithocarpus naiaciarum
Lithocarpus variolosbls

3) Japan and Korea
   Lithocarpus-Clyclobalanopsis

Machilus thunbergii-Castanopsis

Lithocarpus glabeq (lyclobalanopsis glauca
Clyclobalanopsis acuta, C. salicina

Cyclobalanopsis gilva, C. honciae
Cyclobalanopsis nryrsinaojblia, C. sessilijblia

Machilus lhunbergii
Symplocos-Castanopsis sieboldii
ScheLO7era-Castanopsis sieboldii

4) Taiwan
   Montane CastanQpsis-(lyclobalanopsis dyclobalanopsis morii, Castanopsis carlesii

Lithocarpus kawakami, Cyclobalanopsis longinux
Clyclobalanopsis stenopbylloides, Cy. sessilijblia
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Subtropical Seasonal Evergreen BL Forest

1) Southeastern China

  Cryptocarya-Castanopsis

Machilus-Beilsehmiedia

C7 yptoca7ya chinensis-Castan. hystrix, Cr. chinensis

Ci yptoca7 ya concinna-Castanopsis tonkinensis
Machilus ehinensis, Machilus nakao
Beilschmiedia tsangii, Beilschmiediafordii

2) Southwestern China
  Lithocarpus-Castanopsis

Machilus kumeii-Castanopsis

Castanopsis bystrix, Castanopsis indica
Lithocarpus truneatus-Castanopslsfleuryi, C. fabrii.

Machilus kuneii, Castanopsisfargesii

3) Taiwan
  Machilus-Castanopsis Lithoearp. amygdolijblius, (lyclobal. Ionginux v. koui

Cryptocarya chinensis, Castanopsis uraiana
Machilusl'oponica, Castanopsis carlesii var. sessile
717rpinia ternata, Machilusl' aponica

4) SouthernmostJapan
   Ficus-Bischqfia 7-btrpinia ternata-BischoLz577ajuvanica

Fieus-Beilschmiedia erythrophloia

Subtropical Ombrophilous Forest

1) Southeastern China

  sSyaygium-Castanopsis Caslanopsis dystrix, Castanopsis uraiana

Ficus-Cleistocalyx

2) Taiwan
  Fleus-Machilus

5Yaygiumjumbos-Cleistocalyx operculatus
Ficus spp., Endosperneum chinense
byzngium levinei, Aguilaria sinensis

Ficus sezptica-Ficus irlsana

Ficusfistulosa-Machilus7'aponica var. kusanoi
Beilschimiedia tsangii-Castanopsis stellato-spina
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c. Subtropics and tropics

Kazue Fiijtwara (Graduate ,Sthool ofEnvironment and bjonuation St]lences, }bkohama A7btional (LliniveKsi44

fokohama, .lapan)

  Basically, the subtropics and tropics include seuthem Chna and Southeast Asia below about 300 N latitude,

though the distinction is made less clear by the influence of complex topogmphy. VZ)getation types can be

classified in general as tropical, subtropical and temperate. GenerallM decidnous S2uercus fbrests are good

indicators of the temperate zone but change southward to subtropical secondary types (imlotus, F7cus, 7tema,

etc.) and tropical secondary types (MZicaranga, 7tema, Cbmbrelum, Dillenia, etc.). Broad-leaved evergreen

forests include subtropical evergreen forests (see M. b. 5), which have species compositions similar to those of

tropical moumtain forests, with evergreen 2uenus (C)2clobalanopsis), Lithocarpus, thstanopsis, Litsea,

Beilshmiedia, Phoebe, Sbhcztnera, Elaeocarpus, Rsychotria, etc. Such broad-leaved evergreen forests can be seen

especially in tropical mountajns on the integrated vegetation map. Most ofthe wam-temperate area is developed

and broad-leaved evergreen forests have disappeared, except in protected areas such as national parks and forest

preserves.

  On the other hand tropical rainforests have mostly disappeared due to deforestation for tiMber and for land

uses such as cultivation and tree plantations. After cuttrng and burning, most ofthe former forest area ofnorthern

Southeast Asia has changed to tropical deciduous forests or woodlands, such as dry dipterocarp forests.

  Tropical deciduoz}s forests occur in nonhern Southeast Asia, over most oflowland Thailand, in southern Laos,

and in Cambodia Viet Nam and Myanmar, up to elevations of 800-1000m. Natural tropical semi-eveigtreen

forests also occurred in mis region (Whitmore, 1984), but we cannot see thera any more except at Sakaerat in

Thailand diojiwara, 1994). Most wooded areas in lowland central and northem Thailand are now constituted

by tropical dry forests such as dry dipterocarp forest (Santiesk, 1988). Nowadays, mostpeople and even sciemists

in Thailand believe that dry dipterocarp forests are natura1 forests in Thailand, based on soil conditions and the

monsoon clirnate. These forests occur at lO-200 N latitude.

  The nonhern part of Southeast Asia has a six-month dry season, with amua1 rainfall of 1000-1500 mm.

The rainfall comes mainly as showers, frorn May to October. The soil is also dry. Light yellow-brown soil covers

this region (dry laterite and also nutrient-poor sandstone).

   Good examples ofnatunral semi-evergreen forest and dry dipterocarp forest, the latter as secondary forest in an

area ofpotemial tropical semi-evergreen forest (Whitmore 1984), were surveyed in 1978 by Fejiwara et al. and

in1994-1996 by Fvg'iwara, Kawla-ierd, Tejajati and Santiesk. Dry dipterecarp forest in Laos was surveyed in

2007 by Fojiwara Box, Mochida, and members of the National University of Laos. Ttopical semi-evergreen

forests have also been called dry evergreen forest CRoyal Forestry Depamment 1962). The forest structure is five

layers, with super canopy (ST), canopy (Tl), sub-canopy (T2), shnb (S), and hetib (H) layers. The super£anopy

(emergent) layer is approximately 30-50 m high, the canopy layer 1540 m, siib-canopy layer 5-15 m, and the

simb layer O.8-5 m. Plant cover is variable: ST: 5-30%, Tl: 40-70%, T2: 30-50%, S: 60-70%, and H: 10-30%
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(Kawla-ierd, l997). The chracteristic species ofdry evergreen forest in Sakaerat are Hbpea.fe77ea, MZ?mecylon

ovainm, M caenuleum, vaZ}lsura trichostemon, Rancfia wittl, SZzorea henryyana, frvingia maldya, etc. The

tropical decidnous forests, such as dry dipterocarp foresg are not tall: Tl: 15-23m, T2: l2-16m, S: 4-6m, and H:

O.6-1m. AnundinarlapasilZa covers the understorey wnh 40-70% coven The vegetation cover by layer is roughly

Tl: IO-30% (occasionally 60%); T2 20-50% (occasionally 70%); S: 20-50%; and H: 50-70%. Characteristic

species of dry dtpterocarp forest are S7zorea obtusa, S siamensis, S roxburgii, Dipterocarpus obtusijblius,

Pterocarpus macrocarpus, S7nim siamensis, Mlia Jcylocarpa, (lycas siamensis, etc. Most plants are fire-resistant

and have t2irick batk to protect the cambium, plms thicK cortaceous (leathery) leaves. Ground fire in Sakaerat

occurs at intervals of 1-3 years and aids seedling establishment by buming off the Aiundinaria pusilla and by

releasing runients.
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d. Mangrove vegetatien: cemposition, distribution, disturbance and restoration.

YUkira Mochida(fokohama 7Vational Uitiyersi4va fokohama, Jbpan, mochidu@ed7zs. ynu.acJlo)

   Mangroves are largely confined to the regions between 300 north and south ofthe equator, with notable

extensions beyond this northward to Bermuda (320 20' N) and Japan (310 22' N) and southward to

Australia (380 45' S), New Zealand (380 45' S) and the east coast ofSouth Africa (320 59' S). Within

these confines mangroves are widely distributed, but their latitudinal developraent is restricted along the

western coasts ofthe Americas and Africa, as cornpared to the equivalent eastem coasts. In the Pacific Ocean,

natural mangrove communities are limited to the western side, and they are absent from many Pacific islands

(Spalding et. al., ed., l997).

   In Southeast Asia, including the Philippines, Vietnam, Thailand, Malaysia and Myanmar, the relationship

of the floristic composition to the mangrove zonation, sediment type, major land use and location has

clarified the mangrove ecosystems. Mangrove habitats were of three types: estuary-delta type,

baclrmarsh-lagoon type, and coral reeftidal fiat type. Mangrove vegetation of the estuary-delta type in the

Malay Peninsula was classified phytosociologically into six community types: (1) a Sonneratia

alba-Avicennia alba cornmunity, (2) a Rhizophora oplculata community, (3) a Rhizophora

apiculata-Bruguiera spp. community, (4) a Ceriops tagal-XYIocarpus spp. community, (5) a Lumnitzera

littoralis community, and (6) an Ebccoeearia agallocha community. These six community types were

arranged from the marginal lower part to the upper part of the estuaries, and were correlated to the level of

the tidal zone and to the sediment types.

   In addition, the Ayeyarwady (Irrawaddy) delta in Myanmar was classified phytosociologically into 10

cornmunity types: (1) an Avicennia alba cornmunity, (2) an Avicennia maiina community, (3) a Rhizophora

apiculata community, (4) a Bruguiera cylindrica cornrnunity, (5) a Bruguiera spp. cornmunity, (6) a

Heritierafomes community, (7) an Ebecoecaria agallocha community, (8) a Sonneratia caseolaris community,

(9) a Ceriops decandra community, and (10) an Avicennia qz77cinalis community. The ten community types

were fbund from the marginal lower part to the upper part ofthe tidal range. These types were infiuenced by

sedimentary environment and human impacts.

   The results of reforestation show that low survival rate aRd poor growth of the trees can be attributed

both to ground level and to biotic disturbances. The growth of trees on low ground is obviously better than

that of trees on high ground. On low ground, Sonneratia apetala demonstrates the best growth and

Rkizophora opieulata has the highest survival rate; on high ground, though, the survival and growth rates of

Avicennia (cbF}cinalls are the best. All the species planted show their largest increments oftree height from the

middle of the rainy season (June and July) to the beginning of winter (November). In natural forest,

Aegiceras corniculatum, Bruguiera sexangula and Ceriops decandua show a tendency to grow slowly, and

their regeneration fluctuated yearly. The average yield per hectare and its increment in natural forest are

32.21 rn3 and 4.l m3, respectively. Annual consumption of mangrove wood was 993,819 m3 in the

Ayeyarwady delta. The total productivity ofnatural forest and ofplantations was only 662,662 m3per year.

Thus there is a wood deficit caused by overexploitatien ofboth mangrove communities in the delta. These

findings can be applied to develop an appropriate management system optimizing economic and ecological
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equilibrium for the conservation and restoration ofmangrove forests in Myanmar.

   On the other hand, Bohol Island in the Philippines suffers from strong human impact (defbrestation and

IY)?pa plantation). The mangroves were divided into two community types, an Avicennia marina-Rhizophora

apiculata community and a Aeypa .17"uticans community. Each community type was divided into fbur

sub-units.
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e. Grassland and Steppe Vegetation

Irina Safironova (Kbmarov Botanical 1tastitute ofRussian Aeadenry ofSciences, St.-Petersburg, Russioj

      Within Asia extensive areas are occupied by steppes (grasslands), which develop in dry temperate climatic

zones. Steppe vegetation embraces plant communities mainly consisting of frost-resistant, xerophilous, perennial

herbaceous plants, mostly bunch grasses of the genera Stipa, Festuca, Agropyron, Cleistogenes, Helictotrichon,

Kbeleria, Poa, etc. In various ecological environments, plant communities of also involve other biomorphs: tufted

sedges (Carex humilis, C. pedij7ormis), onions (geophytes), non-gramineid herbs (i.e. forbs, of genera Galatella,

Linosyris, 7-Z7nacetum, etc), dwarf semi-shrubs (genera Artemisia, 77zymus, etc) and shrubs (of genera AmJMgcialus,

Caragana, Eipiraea, etc.) (Lavrenko l956; Lavrenko, Karamisheva & Nikulina, 1991).

      The Eurasian Steppe Region occupies an area about 8,OOO kn long, firom the Lower Danube (270 E) in the

west to the Shungari river in Manchuria (l280 E), in the east. In Western Siberia the northern limit of grassland

reaches 550 N; its southern limit runs approximately along 480 N and extends south to 400 N in China on the Loess

Plateau.

      A common feature of the climate is its high degree of contiRentality, increasing to the east. Summer is

warm and dry, with mean July temperature 20-250C. Daytime temperature in summer may reach 350. Winter is

cold and long, with mean January temperature -1OO to -160 C, soraetimes as low as

-300 to --400. Yearly precipitation is 250-400 (450) mm, which is less than helf the yearly potential

evapotranspiration. Maximum precipitation fa11s in summer, and this distribution is characteristic of the whole

steppe region. Precipitation is irregular and droughts are common, occurring every second or third year. The

annual snow cover is 10 to 30 cm. Soils freeze more or less deeply depending on the scarcity of snow and the

degree of winter cold.

      The eastern part of the steppe region is significantly more continental than the western part. In particular,

the east has less precipitation (in the Trans-Baikal region locally only 160 mm), lower yearly temperature, a shorter

vegetative period, colder and longer winter, and a sharp transition from cold to warm in spring.

      As seen from the above, climatic conditions change within the steppe region both from north to south and

from west to east. Zonal (latitudinal) and meridianal (longitudinal) changes of soil and vegetatioR cover fbllow

accordingly (Lavrenko l956; Karamysheva & Rachkovskaya 1973; Karamysheva 1993; Ogureeva, 1999;

Safronova et al., l999).

      From north to south, the zonal soil changes from chernozem (black earth), to dark chestnut, chestnut, and

finally light chestnut soil. Various kinds of chestnut soils prevail. Soils are diverse not only by their types but also

by development (normal, saline, eroded, weakly developed), by content of humus or salt, and by texture (loamy,

sandy loam, sandy, etc).

      Many Russian scientists contributed greatly to the study of steppes, but the works of the great

phytogeographer/academician Evgeni Lavrenko are especially significant. His subzonal and regional division ofthe

Eurasian steppe region is still generally recognized and used now (Lavrenko 1970).
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       Changes of vegetation cover from north to south permit subdivision of the Eurasian steppe region into

latitudinal strips (subzones). In the northern subzone, forb-rich steppe comrnunities prevail, dominated by Stipa

species on the southern chernozem and dark chestnut soils. Stipa zalesskli dominates on the loamy soils and co--

dominates on other soils. Stipa capillata covers the sandy-loamy soils, Stipa pennata grows on sandy soils, and

Stipa lessingiana and S. korshinskyi on carbonate soils.

       Co-dominants are compact bunch grasses (Stipa tirsa, S. dosypbylla, S. pulcherrima, Festblca valesiaca,

jdneleria cristata) and rhizomatous grasses (Pleum pleoicies, Poa angustij2)lia, Calamagrostia ezpigeios). Perennial

fbrbs (Medicago romanica, Astagalus onobrychis, Cixytropis pilosa, Onobrychis arenaria, iF>"agaria viridis,

Filipendula vuigaris, Galiblm verum, Hieracium echioides, Pulsatilla multij7do, Salvia stezpposa, Peuceclanum

morisonii, Seseli ledebourii) and the sedge Carex supina are abundant. There are also dwarf semi-shrubs -

Artemisia ma7schalliana, A. austriaca, A. duacunculus, and .ltzrinea multij7ora. Short vegetating plants are not

usual here.

       In the Rorthem steppe subzone, solonez and solonchak soils occur Iocally, occupying not so large areas. On

solonetz one can find cornmunities ofFestuca valesiaca, where Crinitaria villosa and Artemisia austriaca are often

abundant. Characteristic of solonetz substrates are communities ofArtemisia nilrosa with the participation of

A.Ierchiana, A.austriaca, and 7bnacetum achilleijblium. On solonchaks there are communities of Kalidium

foliatum, ofHlilimione verrucijZ?ra, and of Salicornia europaea .

       To the south, the forb-grass steppes change to more xerophilous bunch-grass steppes on chestnut soils.

Communities of Stipa lesslngiana occur most widely, in various environments, whereas communities of Stipa

capillata prevail on sandy--loamy soils, those ofStipapennata on sandy soils, coenoses ofStipa sareplana on saiine

soils, coenoses of Stipa korshinskyi on carbonate soils, and coenoses of Stipa zalesskii in places with additional

moisture. Co-dominant in all communities is Eesluca valesiaca (with the exception of coenoses on sandy soils,

where F. beckeri participates). The permanent components are compact bunch grasses (Stipa lessingiana, Kbeleria

cristata, and Agropyron desertorum on loamy soils, and Agropyron.fi"agile and Kbeleria glauca on sandy soils aRd

sands) and the sedge Carex supina. On saline soils the obligatory component is the long-rhizomatous grass Leymus

ramosus. Forbs are less abundant than in the northern steppes and include more xerophilous species, such as

Crinitaria villosa, Dianthus leptopetalus, Galium rulhenicum, Potentilla humlfusa, Serratula xeranthoides,

7Zinacetum ackilleijblium, etc., and on sands, Achillea gerberi, Astragalus virgatus, Euphorbia seguieriana,

Scozzonera ensijblia, etc. Dwarf semi-shrubs are represented by not so many species, but they are rather abundant

locally - Artemisia austriaca, A. Ierchiana, A. Iessingiana, A. maLschalliana, A.paucijZora, JItrrinea multij7ora,

Kbchia prostrata, and Alriplex cana. Ephemeroids (mini-geophytes) play a more noticeable role, especially Poa

btilbosa, 71ulipa biebersteiniana, and T bijZora.

       Sites with saline soils and solonetz are occupied by communities of17estuca valesiac, with the participation

ofPsalhyrostacbysjuncea, and Kbchia prostrata; communities ofArtemisia lerchiana have coenoses of 7-t]naeetum

achilleijblium. Crusted solonetz canies communities ofArlemisia paucijZora with Atriplex cana.

       Further southward, dwarf semi-shrub/bunch-grass steppes cover the light chestnut soils. These steppes are

the most xerophitic (Safronova, 2005 a, b). Their obligatory components are xerophilous dwarfsemi-shrubs, mostly

of genus Artemisia subgenus Seriphi{ fium, but bunch grasses prevail. Stipa sarezptana is the most characteristic fbr
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this subzone, forming communities in various environments. Communities of S. Iessingiana are connected with

carbonate soils, cemmunities ofS. copillata with sandy-loam soils, and communities of S. pennata with sandy soils.

The dwarf semi-shrub/bunch-grass steppes are considerably poorer in species than the others. Characteristic fbr

them are also bunch grasses Festuca valesiaca and Agropyron ciesertorum; on loamy soils A..fragile; on sandy-

loam soils the rhizomatous grass Lelymus ramosus; and on saline soils dwarf semi-shrubs (Artemisia spp.,

Camphorosma monspeliaca, Kbchia prostrara, 7-bnacetum achilleij?)lium, and Jtzrinea multij7ora,) and xerophilous

herbs (Astragalus testiculatus, Cachrys odontaigica, Crinitaria tatarica, Dianthus leptopetalus, Eerula caspica,

Limonium sareptanum, Palimbia rediviva, Serratula xeranthemoides, and 71rinia hispidu). The roles of

ephemeroids (Poa bulbosa, 7"btlipa biebersteiniana, Z bij7ora) and annual plants are more noticeable. Solonez

substrates are covered by the dwarf semi-shrubs cornmunities, with Artemisia paucij7ora, Camphorosma

monspeliaca, Atriplex cana, Anabasis ophylla, A. salsa, and AILxnophyton erinaceum.

       Within each subzone, the diversity of plant communities and number of their ecotypes depend on various

environmental factors, first of all soils and substrates, and on the ecological ranges of the edificators (main plant

structural elements).

       So, Stipa zalesskii has its phytocoenotic optimum in the northern subzone, Stipa lessingiana in the middle,

and Smpa sareplana in the southern subzone. They fbrm communities also in other subzones, but their ecological

range is less there, fbr they occur both en soils with light mechanical composition and on stony or saline substrates.

       Steppes ofHelictotrichon desertorum, Stipapennata and S. capillata occur in all subzones, but the first is

restricted to a petrophytic ecotype only, and the two last to psammophytic or petrophytic situations. Comminities of

Stipa sarezptana as well as Festuca valesiaca are also indicators of disturbed habitats. These also occur on saline

soils and substrates (Ivanov 1958; Isachenko & Rachkovskaya, 1961; Safronova 2003).

       In Central Asia, steppes ofStipa krylovii are widely distributed aRd steppes ofS. baicalensis and S. grandis

also occur. The alrnost permanent component of these steppes is the dwarf semi-shrub Artemisia 7i"igidn. Locally

the rhizornatous grass Laymus chinensis also plays a great phytocoenotic role.

       Endemic desert-steppes have no analogues in other parts spreading on the sovithern outskirt of Central Asia

(Yunatov 1950, 1974). These include communities of Stipa glareosa, S. gobica, S. klemenzii and Allium

polyrrhizum. Dwarf semi-shrub saltworts Anabasis brevijblia, Salsola passerina, and Reamuria soongorica grow

on the most strongly salinized substrates.
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e. Semi-desert and desert vegetation

Elgene O. Box (Department of Geography, University of Georgia, Athens, Groegia, USA)

The present-day geologic and physiographic structure of Asia is centered on the Himalayan

Mountains and Tibetan Plateau. A mountain node also exists at the western end ofthe Himalaya,

from which other major mountain ranges radiate in various directions. The most important of

these is the Tien Shan-Altai system, which extends to the north-northeast into Mongolia, dividing

the dry, temperate interior ofAsia into:

 1) a western part, called Middle Asia in Russian literature (essentially Turkestan and the

      Turanian Basin), influenced far inland by westefly winds from the Mediterranean; and

 2) an eastern part, called Central Asia (essentially the Tibetan plateau and northwestern

      China, plus Mongolia) dominated by the Asian monsoon system.

This dry region ofinterior Asia also includes the Asian portion ofthe temperate grassland corridor

that extends from the Ukraine to Mongolia and northern China. These temperate grasslands range

from tall meadow-steppes in the north to drier, open steppes in the south, fo11owing the

north-south moisture gradient which obtains across most ef the continent. These steppes

eventually grade southward into the temperate semi-deserts and deserts.

      The desert region in our study area lies almost entirely in Central Asia, i.e. east ofthe Tien

Shan and Altai baniers. This dry region includes the TieR Shan region of central Xirljiang,

Kashgaria and the Tarim Basin (in southwestem Xiajiang), and Gansu and westem parts ofInner

Mongolia (e.g. Ala-Shan Mountains), as well as Dzungaria, which forms the transition from

Middle Asia to Central Asia. Tibet is also dry but is considered separately.

      Ofcourse the vegetation ofCentral Asia is closely related to that ofMiddle Asia and even

ofthe Middle East. For regional vegetation descriptions, one might consult the fbllowing.

 General: Archibold (1995), Walter (1968, 1973, 1974, 1985)

 Dryregions: Breckle(1983),Davisetal.(1971),Freitag(1971),Korovin(1961-62),
                  Petrov (1966-67), Popov (1940), Walter & Box (1983), Yunatov (1950),

                  Zohary (1974)

 Mountains: Chang (1983), Chen et al. (1986), Troll (1972).

      Deserts (sensu strictu) have essentially no vegetation, while semi-deserts have scattered

piants. Desert conditions may have existed since the earlier Paleozoic (e.g. Glennie 1987).

Whether the desert flora arose this early, or in the Miocene (expanding during the colder, drier

Pliocene and Pleistocene, as suggested by Axelrod 1958), the desert flora of Asia has probably

been closely related to that ef northern Africa for a long time. Total species richness is low and

there are essentially no tme native stem-succulents, but the vegetation of the Middle Eastern
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deserts shows a wide variety of adaptations of form and seasonality to avoid dehydration and

maintain active metabolism (cf Walter 1973, pp. 693, based on Zohary). Some dwarflshrubs are

evergreen but greatly reduce their leaf area at the beginning of the dry season (e.g. Arlemisia

monosperma, Reaumuriapalestina, Salsola villosa, Suaeclapalestina, 2lygophyllum dumosum).

Some are wintergreen shnbs, losing their leaves in summer (e.g. lycium arabicum, Anagyris

foetido), while some (generally dwarfshtubs) shed their leaves but retain evergreen stems, as in

Retama and Calligonum species. Some have rather grayish, soft, deciduous leaves but keep

smaller leaves during the summer (e.g. Artemisia herba-alba). Some are totaily leafiess, like

1iphedua. Perhaps most interesting are the leafless shrubs and arborescents with modular stems

and green, photosynthetic but disposable bark segments, e.g. Haloaylon pejysicum and Anabasis

articulata. Where more water is available, there may be scattered trees such as acacias, deciduous

thom-shmbs such as Aibaea, or desert grasses such as Aristido. Many ofthese desert taxa extend

well into Middle and even Central Asia.

      The climates ofthe temperate deserts in Central Asia are warm to hot in the summer and

severely cold in the winter. Precipitation is confined almost completely to summer, brought by

monsoon storms which manage to penetrate into the continental interior. Soils in all regions are

coarse and skeletal, salinized in areas of internal drainage. The Central Asian deserts are totally

continental and separated from the subtropical deserts of southwestern Asia, although they may

share many genera and some species.

      Our fieldwork in the dry region of Central Asia was confined to western China, at the

fbllowing locations:

 - desert vegetation and montane fbrests ofDzungaria (Xiajjang, June 2005);

 - semi-desert vegetation ofKashgaria and the Tarim Basin (Xirig'jang, July 2005); and

 - montane deciduous and conifer fbrests of dry-climate Gansu (July 2006);

as well as (from earlier work):

 - steppe with pine--forest outliers in eastern Inner Mongolia (July 2000); and

 - steppe and dry montane forests in western Inner Mongolia (July 2002).

We were, however, also able to make a brief stop in the Tuva Republic ofsouthwestern Siberia, in

the dry steppe/semi-desert area south of the Sayany Mountains near Kyzyl. This area represents

another transition between Middle Asia and summer-rain Central Asia.

      Local taxonomic assistance was less available in the dry areas, so our data-base consists

only of a small nurnber of releves from Dzungaria and the Tarim Basin (2005), from montane

forests ofGansu (2006), and from dry steppe and semi-deserts ofInner Mongolia (2002) and the

Tuva area (2007). We do not have enough data to do formal phytosociolegical analyses, but we

could understand the enviroirmental relationships.

      Dzungaria extends across northemmost Xiajiang Province of western China, east of the

Dzungarian Gate, which represents a gap in the Tien Shan-Altai mountain system. This corridor

between Middle Asia and the Gobi, as w¢11 as the Gebi itselg represents a region of rockier

substrates and deserts dominated by desert shmbs and dwarPsimbs such as Anabasis,

Calligonum and Haloaylon persicum, sometimes with Stipa bunch grasses. Smaller, more
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extremely xeromorphic dwarPshrubs included Salsola, whitish-gray Astragalus, Atraphaxis

(Polygonaceae, with minute oval leaves), and both green and whitish species of Arlemisia.

Isolated trees of Populus, 7bmarix and occasionally Hbloaylon may occur along streams. The

most widespread green landscapes seemed to be Calligonum and HaloJcylon simb-steppes, where

sandier substrates occurred. On the other hand, enormous areas were dominated by a sandy rubble

desert with only sparse herbs and small dwarfshrubs and semi-shmbs.

      Urtimchi, the Xiajiang capital, is at about 900m elevation on the north slope ofthe Tien

Shan. There is essentially no groundwater on the slopes or uplands, so there is essentially no

vegetation except small bushes in ravines. In the Turpan Basin to the east (and south of the

easternmost Tien Shan) there is almost no vegetation at all over very large areas. One part ofthis

area fa11s below sea level and represents the hottest part of the Central Asian desert. Even so, the

area around Turpan is ingeniously irrigated with mountain runoff water (via underground ducts)

and produces food.

      In the Tarim Basin to the southwest, the Takla Makan desert is a large sand sea within the

horseshoe ofmountains (open to the east) formed by the Tien Shan on the north, the Pamirs in the

center, and the Karakoram and Kunlun ranges on the south. Together these ranges fbrm one ofthe

most effective rain shadows in the world, and precipitation is very rarely recorded in the Tarim

Basin. Rubble desert appears at the western end ofthe Tarim Basin, near the dry mountains, with

Salsola, Calligonum, and occasional patches of Halocnemon. Despite the dry appearance,

however, runoff from the mountains (on all sides) does generate intermittent aRd permanent

streams that extend into the Tarim Basin. Along these streams one can find riparian strips of the

phreatophytic 7kemarix ramosissima as well as the widespread Populus diveTsijblia, P. euphratica,

and UZmus pumila. In some areas there are even extensive marshes ofPhragmites, 7)?pha, and

Scirpus species. There is little vegetation on the areas of mobile sand, but extensive efforts are

underway to stabilize the sands with plantations of native desert simbs, especially H271oJrylon

persicum, H ammodendron, and Calligonum. In natural stands, these large simbs grow

continually upward, above the rising surface of mobile sand, until it then shifts again and the

shrUbs are left on top ofpedestals called nebkhas.

      One characteristic ofthe sandy deserts is the dominance ofboth typically small and much

larger xeromorphic shrUbs, some ofthem leafiess and some at least partly evergreen. Reaching 2

m in height, leafless Hk71oJcylon persieblm extends over the whole region and even over into the

Gobi desert. In the deep-sand Kara-Kum desert of Middle Asia, LL ammodenduon can become a

leafless tree reaching 8m in height. This is the only cold-winter desert region in the world in which

a tree form gains even local dominance. Other important desert shmbs, especially in Middle Asia,

include Artemisia paucijZora, A. terrae-albae, Halostachys caspica, Anabasis salsa,

HZ21ocnemum strobilaceum, and Kbchia prostrata, along with steppe and desert grasses such as

Festuca sulcala, Stipa capillata, Kbeleria cristata, and Agropyron repens. In areas of flat terrain

and finer soil, mini-geophytes such as Poa bulbosa form vernal carpets ofrniniature flowers (see

Walter 1974, p. 254).

      The Tibetan Plateau (average elevation around 4000 m) is a region of dry steppes, alpine
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mats (especially ofKbbresia species), dwarfconifer scrub of,hiniperus and Sabinia, and other

sparse, low-growing, often cushion-simb vegetation adapted to harsh conditions. Many familiar

genera from Central Asia (and Middle Asia) are represented, including Caragana, Reaumuria,

Acantholimon, Astragalus, 717nacelum, Artemisia, Plilagroslis, and Festuca. Some species even

reach the higher elevations, including Eurolia ceratoides and Kbchia prostrata. East Asian

elements are important only in the east but include Genliana, Primula, Sexij7faga, Saussurea, and

Rhododendron, among others. Holarctic elements are few, but some are very abundant, especially

in the alpine mats and rnarshes: Kbbresla, Carex, Heleocharis, Eriophorum, and .1tzncus. Where

moisture permits, subalpine tall-forb stands (as in the Russian Far East) include such genera as

Aeonitum, Deiphinium, Ligularia, Polygonum and Rheum. These different geoelements all

represent taxa that migrated into Tibet after the last Pleistocene glaciations. The vegetation of

Tibet is especially well summarized by Chang (1983; see also Chen et al. 1986, Troll 1972, Walter

1974, Wu 1980).

      Pine forests cover extensive lowland areas in Asia but also occur in mountains of dry

regions, especially after soil erosion fo11owing cutting. In southwestern China, forests of P.

armandii occur in Sichuan and on the Yunnan plateau. In addition to pine, "Chinese fir"

(Cunninghamia lanceolata) is important in secondary landscapes and is widely planted. In the

Tien Shan and Altai systems, the montane conifer forests are simpler, dominated often by Picea

schrenkiana (as in Middle Asian mountains). We found such a forest ofP. schrenkiana at 1800m

in the Tien Shan above UrUmchi, growing on a dry slope where one would never have thought

spruce possible. In more moist situations, though, montane and subalpine forests may include

shade-tolerant Pinus sibirica, as well as boreal Picea and Abies, larches, and Pinus sylvestris (see

Walter 1974; c£ Walter & Box 1983: chapter 7). In the Altai Mountains ofnorthernmost Xing'i'ang,

near the Kazakh and Mongolian borders, we found extensive montane forests (1500-1800m) of

Picea obovata with Larix sibirica and occasional Abies sibirica.

      Wetlands in dry regions include marshes and inland deltas, but also swamps, bogs, and

(sensu lato) even lakes and streams. Most wetlands are highly productive systems when not badly

degraded, have important economic and social benefits for local human populations, and perform

usefu1 ecological services such as cleansing wastewater. Wetlands also support a wide range of

animal life, often far beyond their own borders. Most important in drier climates are probably the

freshwater marshes which are critical for birds migrating between wintering areas in tropical Asia

and summer breediRg grounds in Siberia. Such marshes may occur in depressions as well as along

streams, especially in the deserts of westem China, the grasslands of northern China and

Mongolia, and in Middle Asia and the highlands ofTibet. These marshes are composed primarily

ofreeds (Phragmiles), cattails (7]l?pha), sedges ((Jlyperus, Scirpus, Carex) and similar herbaceous

plants. If seasonal pools form, small marshes of sedges and reeds occur. Halophytes include

species such as Halocnemum strobilaceum on very saline sites and Nitraria retusa in brackish

water. Deciduous but otherwise juniper-like tamarisk trees (7lrmarix spp.) also occur where

groundwater can be reached, generally at greater depth.
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t Semi-desert and desert vegetation

Elgene O. Box (Department ofGeogrophy, (]itivensity ofGeorgia, Athens, Georgia, usA)

The present-day geologic and physiographic structure ofAsia is ceRtered on the Hirnalayan Mountains

and Tibetan Plateau. A mountain node also exists atthe western end ofthe Himalaya, from which other

major mountain ranges radiate in various directions. The most important of these is the Tien Shan-Altai

system, which extends to the north-northeast into Mongolia, dividing the dry, temperate interior ofAsia

into:

1) a western part, called Middle Asia in Russian literature (essentially Turkestan and the

     Turanian Basin), influenced far inland by westerly winds from the Mediterranean; and

2) aR eastern part, called Central Asia (essentially the Tibetan plateau and northwestern

      China, plus Mongolia) domiRated by the Asian monsoon system.

This dry region of interior Asia also includes the Asian portion of the temperate grassland corridor that

extends from the Ukraine to Mongolia and northem China. These temperate grasslands range from tall

meadow--steppes in the north to drier, open steppes in the south, following the north-south moisture

gradient which obtains across most ofthe continent. These steppes eventually grade southward into the

temperate semi-deserts and deserts.

      The desert region in our study area lies almost entirely in Central Asia, i.e. east of the Tien Shan

and Altai barriers. This dry region includes the Tien Shan region of central Xirlj'jang, Kashgaria and the

Tarim Basin (in southwestern Xiajiang), and Gansu and western parts ofInner Mongolia (e.g. Ala-Shan

Mountains), as well as Dzungaria, which forms the transition from Middle Asia to Central Asia. Tibet is

also dry but is considered separately.

       Ofcourse the vegetation ofCentral Asia is closely related to that ofMiddle Asia and even ofthe

Middle East. For regional vegetation descriptions, one might consuk the fbllowing.

General: Archibold (1995), Walter (1968, l973, 1974, 1985)

Dry regions: Breckle (l983), Davis et al. (1971), Freitag (1971), Korovin (1961-62), Petrov

(1966-67), Popov (1940), Walter & Box (1983), Yunatov (1950), Zohary (1974)

Mountains: Chang (l983), Chen et al. (1986), Troll (1972).

       Deserts (sensu slrictu) have essentially no vegetation, while semi-deserts have scattered plants.

Desert conditions may have existed since the earlier Paleozoic (e.g. Glennie 1987). Whether the desert

flora arose this early, or in the Miocene (expanding during the colder, drier Pliocene and Pleistocene, as

suggested by Axelrod 1958), the desert fiora ofAsia has probably been closely related to that ofnorthern

Africa for a long time. Total species richness is low and there are essentially no true native stem--succulents,

but the vegetation of the Middle Eastern deserts shows a wide variety of adaptations of fbrm and

seasonality to avoid dehydration and maintain active metabolism (cf Walter 1973, pp. 693, based on

Zohary). Some dwarfshrubs are evergreen but greatly reduce their leaf area at the beginning of the dry

season (e.g. Artemisia monosperma, Reaumuria palestina, Sblsola villosa, Suaedu palestina,

2ygophyllum dumosum). Some are wintergreen shnbs, losing their leaves in summer (e.g. lycium

arabicum, Anagyrisfoeticia), while some (generally dwarfshmbs) shed their leaves but retain evergreen

stems, as in Retama and dalligonum species. Some have rather grayish, soft, deciduous leaves but keep

smaller leaves during the summer (e.g. Artemisia herba-alba). Some are totally leafless, like Elphedra.

Perhaps most interesting are the leafless simbs and arborescents with modular stems and green,

photosynthetic but disposable bark segments, e.g. HaloJrylon persicum and Anabasis articbllata. wnere

more water is available, there may be scattered trees such as acacias, deciduous thorn-simbs such as

Aibaea, or desert grasses such as Aristido. Many of these desert taxa exteRd well into Middle and even

Central Asia.

       The climates ofthe temperate deserts in Central Asia are warm to hot in the summer and severely

cold in the winter. Precipitation is confined almost completely to summer, brought by monseon storms

which manage to penetrate into the continental interior. Soils in all regions are coarse and skeletal,

salinized in areas of intemal drainage. The Central Asian deserts are totally continental and separated
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from the subtropical deserts of southwestem Asia, although they may share many genera and some

specles.

      Our fieldwork in the dry region ofCentral Asia was confined to westem China, at the followiflg

locations:

- desert vegetation and montane forests ofDzungaria (Xiaji'ang, June 2005);

- semi-desert vegetation of Kashgaria and the Tarim Basin (Xiajiang, July 2005); and

- montane deciduous and conifer forests of dry-climate Gansu (July 2006);

as well as (from earlier work):

- steppe with pine-forest outliers in eastern Iimer Mongolia (July 2000); and

- steppe and dry montane forests in westem Inner Mongolia (July 2002).

We were, however, also able to make a briefstop in the Tuva Republic ofsouthwestern Siberia, in the dry

steppe/semi-desert area south ofthe Sayany Mountains near Kyzyl. This area represents another transitioR

between Middle Asia and summer-rain Central Asia.

       Local taxonomic assistance was less available in the dry areas, so our data-base consists only of

a small number ofreleves from Dzungaria and the Tarim Basin (2005), from montane forests of Gansu

(2006), and from dry steppe and semi-deserts ofInner Mongolia (2002) and the Tuva area (2007). We do

not have enough data to do formal phytosociological analyses, but we could understand the envirenmental

relationships.

       Dzungaria extends across northemmost Xiajiang Province of western China, east of the
Dzungarian Gate, which represents a gap in the Tien Shan-Altai mountain system. This corridor between

Middle Asia and the Gobi, as well as the Gobi itsel£ represents a region ofrockier substrates and deserts

dominated by desert simbs and dwarfshmbs such as Anabasis, (]alligenum and Hala)cylon pe7sicum,

sometimes with Stipa bunch grasses. Smaller, more extremely xeromorphic dwarfshmbs included
Stilsola, whitish-gray Astragalus,Atraphexis (Polygonaceae, with minute oval leaves), and both green and

whitish species ofArtemisia. Isolated trees ofPopulus, 71imarix and occasionally Llalo)cylon may occur

along streams. The most widespread green landscapes seemed to be Calligonum and Halexylon
shtub-steppes, where sandier substrates occurred. On the other hand, enomious areas were dominated by

a sandy rubble desert with only sparse herbs and small dwarfshmbs and semi-shrUbs.

      UrUmchi, the Xiojiang capital, is at about 900m elevation on the Rorth slope of the Tien Shan.

There is essentially no groundwater on the slopes or uplands, so there is essentially no vegetation except

small bushes in ravines. In the Turpan Basin to the east (and south ofthe eastemmost Tien Shan) there is

almost no vegetation at all over very large areas. One part ofthis area fa11s below sea level and represents

the hottest part ofthe Central Asian desert. Even so, the area around Turpan is ingeniously irrigated with

mountain runoffwater (via undergreund ducts) and produces food.

       In the Tarim Basin to the southwest, the Takla Makan desert is a large sand sea within the

horseshoe ofmountains (open to the east) formed by the Tien Shan on the north, the Pamirs in the center,

and the Karakoram and Kunlun ranges on the south. Together these ranges fbmi one of the most efl]ictive

rain shadows in the world, and precipitation is very rarely recorded in the Tarim Basin. Rubble desert

appears at the western end of the Tarim Basin, near the dry mountains, with Sblsola, Ckelligonum, and

occasional patches ofHalocnemon. Despite the dry appearance, however, runoff from the mountains (on

all sides) does generate intermittent and permanent streams that extend into the Tarim Basin. Along these

streams one can find riparian suips of the phreatophytic 7lrmarix ramosissima as well as the widespread

Populus cfiversij?)lia, P. euphralica, and UZmuspumila. In some areas there are even extensive marshes of

Phragmites, 7]ypha, and Scirpus species. There is little vegetation on the areas of mobile sand, but

extensive effbrts are underway to stabilize the sands with plantations ofnative desert shrubs, especially

HbloJrylon persicum, H ammodendb"on, and Calligonum. In natural stands, these large shtubs grow

continually upward, above the rising surface ofmobile sand, until itthen shifts again and the shrUbs are left

on top ofpedestals called nebkhas.

       One characteristic of the sandy deserts is the dominance ofboth typically small and much larger

xeromorphic shmbs, some ofthem leafless and some at least partly evergreen. Reaching 2 m in height,

leafless HLilojrylon pe7sicum extends over the whole region and even over into the Gobi desert. In the

deep-sand Kara-Kum desert ofMiddle Asia, H ammociendron can become a leafiess tree reaching 8m in

height. This is the only cold-winter desert region in the world in which a tree form gains even local

dorninance. Other important desert shrubs, especially in Middle Asia, include Artemisia paucijZora, A.

terrae-albae, Htilostachys caspica, AHabasis salsa, Haloenemum strobilaceum, and Kbchia proslrata,

along with steppe and desert grasses such as Fesluca sulcata, Stipa copillata, Kbeleria cristata, and

Agropyron repens. In areas offiat terrain and finer soil, mini-geophytes such as Poa borlbosa form vemal
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carpets ofmiRiature flowers (see Walter 1974, p. 254).

       The Tibetan Plateau (average elevation around 4000 m) is a region of dry steppes, alpine mats

(especially of Kbbresia species), dwarf conifer scrub of .inniperus and Sabinia, and other sparse,

low-growing, often cushion-simb vegetation adapted to harsh conditions. Many familiar genera from

Central Asia (and Middle Asia) are represented, including Caiagana, Reaumuria, Acantholimon,

Astragalus, 717nacetum, Artemisia, Ptilagrostis, and 1[lestuca. Some species even reach the higher

elevations, including Eurotia ceratoides and Kbchiaprostrata. East Asian elements are important only in

the east but iRclude Gentiana, Primula, Sexij7eaga, SZ7ussurea, and Rhododendron, among others.

Holarctic elements are few, but some are very abundant, especially in the alpine mats and marshes:

KObresia, Carex, Hkileocharis, Eriophorum, and ,htncus. Where moisture permits, subalpine tall-forb

stands (as in the Russian Far East) include such genera as Aconitum, Deiphinium, Ligularia, Polygonum

and Rheum. These different geoelements all represent taxa that migrated into Tibet after the Iast

Pleistocene glaciations. The vegetation ofTibet is especially well summarized by Chang (1983; see also

Chen et al. 1986, Troll 1972, Walter 1974, Wu 1980).

       Pine forests cover extensive lowland areas in Asia but also occur iR mountains of dry regiens,

especially after soil erosion fbllowing cutting. In southwestem China, forests of P. armandii occur in

Sichuan and on the Yunnan plateau. In addition to pine, "Chinese fir" (Cunninghamia lanceolata) is

important in secondary landscapes and is widely planted. In the Tien Shan and Altai systems, the montane

conifer forests are simpler, dominated often by Picea schrenkiana (as in Middle Asian mountains). We

fbund such a forest ofP. schrenkiana at 1800m in the Tien Shan above UrUmchi, growing oR a dry slope

where one would never have thought spruce possible. In more moist situations, though, montane and

subalpine fbrests may iRclude shade-tolerant Pinus sibirica, as well as boreal Picea and Abies, larches, and

Pinus sylvestiis (see Walter 1974; cf Walter & Box 1983: chapter 7). In the Altai Mountains of

northemmost Xipt'ang, near the Kazakh and Mongolian borders, we found extensive montane forests

(l500-1800m) ofPicea obovata with Larix sibirica and occasional Abies sibirica.

       Wetlands in dry regions include marshes and inland deltas, but also swamps, bogs, and (sensu

lato) even lakes and streams. Most wetlands are highly productive systems when not badly degraded, have

important economic aRd social benefits fbr local human populations, and perform usefu1 ecological

services such as cleansing wastewater. Wetlands also support a wide range ofanimal life, often far beyond

their own borders. Most important in drier climates are probably the freshwater marshes which are critical

fbr birds migrating between wintering areas in tropical Asia and summer breeding grounds in Siberia.

Such marshes may occur in depressions as well as along streams, especially in the deserts of western

China, the grasslands ofnorthern China and Mongolia, and in Middle Asia and the highiands of Tibet.

These marshes are composed primarily ofreeds (Phragmites), cattails (7Jypha), sedges (dyperzas, Scirpus,

Carex) and similar herbaceous plants. If seasonal pools form, small marshes of sedges and reeds occur.

Halophytes include species such as Halocnemum strobilaceum on very saline sites and Alitraria retusa in

brackish water. Deciduous but otherwise juniper-like tamarisk trees (7bmarix spp.) also occur where

groundwater can be reached, generally at greater depth.
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B. Notes oR Vegetation of the Western Sayan Mountains, Russia

Ken Sato (Hbkkai-Gakuen (Llhiversity, Sopporo, lapan)

Field survey members (All botanists written below)

Russian botanists: Pavel Krestov (PK), Valentine Yakubov (VY), Dina Nazimova (DN), Olga

Drobushevskaya (OD),Dilshad Ismailova (DI),Baboy Semion (BS),Nikolai Stepanov (NS)

American botanist: Elgene O. Box (EB)

Japanese botanists: Kazue Fajiwara (KF), Yukito Nakamura (YN), Ken Sato (KS), Takuma Nakamura

(TN)

Abstract
      In the summer of 2007, the vegetatien of Ergaki National Park in the western Sayan Mountains

(Russia) was surveyed by the phytosociological method. The altitudinal distribution of vegetation in the

Western Sayan Mountains is as fo11ows: l) Sub-boreal belt characterized by Scots pine (Pinus sylveslris)

fbrest (below 450 meters); 2) Dark taiga belt composed maiRly of Siberian five--needled pine (Pinus

sibirica) (450--800 meters); 3) Dark taiga belt consisting mainly of Siberian pine, Siberian spruce (Pieea

sibirica) and Siberian fir (Abies sibirica) (800-1500 meters); and 4) Alpine belt (above about 1500 meters).

Our survey concentrated on belts 1, 3 and 4.

      In the alpine belt we recognized six plant communities, as shown in tables. On the rather gentle

ridges above about 1500 meters, there are many scattered outcrops, on which the Paragullegia micropbylla

community occurs (Comm. I.1). Several kinds ofpatterned ground, such as polygons, solifiuction terraces,

and solifluction lobes, were developed on the gentle ridges where snow is blown away in winter. A

wind-blown herbaceous community (Comm. i.2: the Eestuca sphagnicola-Campanula dosyantha
community) occupies the barren parts of polygons and solifluction terraces. Elsewhere, dwarfshrub

communities (Comm. i.3) fbrm a dense plant cover at polygolt margins and at the front of solifluction

terraces. Of the two dwarfshrub communities, the Diyas oryodonla community occurs on sites with less

snow cover than the sites of the Arctous erythrocarpa-VIiccinium uliginosum community. Snow-patch

communities (Comm. 1.4) can be seen on the leeward depressions and in the cirques, but do not cover large

areas. The Sibbaldia procumbens community is comrnon on snow patches of leeward depressions, and the

Dolonicum altaicum community was seen in the cirque of Silks Lake.

    Near the forest limit at about l500 meters, we recognized three plant communities: a tall fbrb

community (Comm. 2.1), thickets dominated by Belula nana ssp. rotundijblia (Comrn. 2.2), and thickets of

Alnus .fruticosa (Comm. 2.3). These plant communities occur at the ecotone between tree limit and fbrest

limit, so we call these communities "higher subalpine vegetation". The tall fbrb community (Comm. 2.l)

occurs on avalanche slopes near the forest limit and also develops as a substitute meadow after cutting of

the dark taiga at lower altitudes. Among the Betula nana ssp. rolundijfolia thickets (Comm. 2.2), the thicket

with dwarf shrubs can be thought ofas an ecotone community between Comm. 1.3 and Cemm. 3.I; and the

thicket with tall fbrbs can be interpreted as an ecotone community between Comm. 2.1 and the above

community. The Betula nana ssp. rotundij7olia-dorninated thicket occupies, physiognomically, a rather

broader area around the fbrest limit but includes two floristic types due to diffierent habitats. The Alnus

.fruticosa thicket occurs on steeper, especially north-facing slopes. This occurrence is similar to that ofA.

yiridis in the European Alps and ofA. meximowicii in the Far East.

  The dark-taiga belt (800-l500 meters) is characterized by the occurrence ofPinus sibirica-Abies sibirica

fbrest (Comm. 3.1), which includes three stand groups: the Vticcinium iayrtilus group (typical type), the

Atbyrium distentijblium group (unusual type),aRd the Calamagrostis obtusata group (lower-altitude type).

Larch forest (Comm. 3.3, the Larix sibirica forest) can be seen on the southern slope of the rnountain,

where the climate is more continental.

    In the sub-boreal belt (below 450 meters), the Pinus sylvestris-Betula pendula forest (Comm. 3.2A)

and the Betula pendula forest (Cornm. 3.2B) were recognized. The fbrmer Scots pine fbrest has beeR

influenced by fire to various degrees, and the latter has changed from the former due to fire.

Basic data en vegetation of West Sayan MountaiRs

1 AlpiRe vegetation

1.1 Rock crevice herbaceous comrnunity: the Paraguilegia micropbylla community (Table 1 & Table

14-1)

1.2 Wind-blown herbaceous community: the Festblca sphagnicola-Campanula clasyantha community
(Table 2 & Table 14-2)
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1.3 Wind-blown dwarfshrub communities: the Diyas oJcyodonta community (Table 3 & Table 14-3) and

the Arctous e7ythrocarpa-laccinlum orliginosum community (Table 4 & Table l4-4)

1.4 Snow-patch herbaceous communities: the Sibbaldia procumbens community (Table 5 & Table 14-5)

and the Dolonicum altaicum community (Table 6 & Table 14-6)

2 Higher subalpine vegetation at the eeotone between tree limit aRd forest limit

2.1 Tall fbrb community (Table 7 & Table 14-7)

2.2 The Betula nana ssp. rotundijZ}lia-dominated thickets as ecotone communities:

rotundijTolia thicket with dwarf shnbs as an ecotone community between Comm.

(Table 8 & Table l4-8); and the Betula nana ssp. rolundij7olia thicket with tall

comrnunity between Comm. 2.1 and the above community (Table 9 & Table 14-9).

2.3 The Alnus.fruticosa thicket on steeper slopes (Table 1O & Table 14-10).

the Betula nana ssp.

1.3 and Comm 3.1
forbs as an ecotone

3 Bereal and sub-boreal forests

3.1 Dark taiga composed of spruce, fir and five-needled pine: the Pinus sibirica-Abies sibirica fbrest

(Table l1 & Table l5-11),including three stand groups: the VLiccinium nryrtilus greup (typical type),the

Atbyrium dislentijZ)lium group (unusual type),and the Calamagrostis obtusata group (lower-altitude type)

3.2 More open forest of Scots pine ("sub-taiga", sub-boreal fbrest): the Pinus sylvestris-Belula pendula

fbrest (Table 12--A & Table 15-12A), and the Betula pendula fbrest which has changed from the above

fbrest due to fire (Table 12-B & Table 15-12B).

3.3 Larch fbrest: the Larix sibirica fbrest (Table l3 & Table 15-l3)

Appendix: Schedule and Data (August, 2007)

   Aug.1: (Krasnoyarsk-) Tanzybey

     Releves (Quadrats) l-3 (PK, VY, DN, OD, DI, BS, EB, KS, TN)

   Aug. 2: around Tanzybey (Mt. Kolmis, about 1390m)

     Releves 4-9 (PK, VY, DN, OD, DI, BS, NS, EB, KS, TN)

   Aug. 3: around Tanzybey

     Releves 10-13 (PK, VY, DN, OD, DI, BS, NS, EB, KS, TN)

   Aug. 4: Sayan Mountains (Ergaki National Park, Silks Lake, about l480m)

     Releves l4-23 (PK, VY, DN, OD, DI, BS, NS, EB, KS, TN)

   Aug. 5: Sayan Mountains (Ergaki National Park, 1730m peak, west of the pass)

     Releves 24-37 (PK, VY, OD, DI, BS, NS, KS, TN)

   Aug. 6: Sayan Mountains (Ergaki National Park, about 1500-1700m, east ofthe pass)

     Releves 38-55 (PK, OD, DI, BS, NS, KS, TN)

   Aug. 7: Southern slope ofSayan MountaiRs

     Releves 56-57 (PK, VY, DN, OD, DI, BS, NS, EB, KS, TN)

   Aug. 11: Sayan Mountains (Mt. Tushkanchik, Ergaki National Park)

     Releves 91-112(]KF, YN, PK, VY, DN, OD, DI, BS, NS, KS, TN)
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C. Map ef Asian Vegetatien: Legend ltems and Text Description

Elgene O. Box (Dezpartment ofGeogrophy, Uiniversity ofGeorgia, Athens, Georgia,

Kazue Fuj'jwara (Graduate School qf Environmenl and lnj2)rmalion Seiences,

              Aiational UiniveKsity, Ybkohama, lapan)

USL4)

 }'bkohama

The initial draft of a legend was based on the global, pheno-physiognomic vegetation

classification system developed at Tokyo University fbr mapping both potential and actual

vegetation at global scale (Box 1995; see also Box & Fejiwara 2005). That classification, with 50

basic vegetation types, was designed to be useable for both climate-based and satellite-based

global vegetation mapping, due to its strict definition ofvegetation types by pheno-physiognomy

(i.e. physical structure and its seasonal variations). That set oftypes was first adapted fbr the Asian

vegetation map at a team meeting at Chiba University in January 2005. It was updated and

improved each year thereafter at other Chiba meetings. The final version before actual mapping

(from January 2007) was used to guide development of the first map drafts, keeping the

pheno-physiognomic basis as far as possible while adding other land-cover types, such as

cropland. Much discussion centered on considerations of scale, dynamics, and vegetation

mosalcs.

The map included in this report was produced from satellite data and thus represents actual

vegetation. In the end, ofcourse, it was not possible to show all the vegetation types known from

fieldwork or the literature, due sometimes to their small areas and at other times to lack oftraining

sites to guide the satellite recognition algorithrn. Some original vegetation types were once very

extensive but have been greatly reduced, appearing now only as very small, widely scattered areas

on the map, even though they may still represent the potential natural vegetation over large areas.

Many legend items were based on zonal vegetation types, i.e. physiognomically fairly uniform

types of potential natural vegetation of the major bioclimatic zones. The text below treats the

vegetation classes as they appear (by name) in the map legend, with the colors involved.

1. Evergreen Broad-Leaved Forests (darkest green)

These fbrests are tall and dense, constituted by trees bearing simple laurophylls, i.e. dark green but

somewhat glossy, evergreen leaves like those typical ofthe laurel family. Their dark color is due

to their high chlorophyll content, as needed fbr photosynthesis in the dark fbrest understorey,

where even tall trees spend part of the lifetimes. The trees generally have deep root systems

(except where groundwater is high, as in tropical rainforest) and do not suffer from drought at any

time during the year. In the perhumid tropics near the equator, there is essentially no seasonality.

This means that the vegetation is not only evergreen but actually evergrowing, i.e. flowering,

ffuiting, foliation, defbliation, etc. may all be occuning simultaneously, even on different

branches of the same tree. Productivity levels are high, and the tropical laurophyll forests are

considered the most diverse, species-rich forests on the planet.

Evergreen broad-leaved fbrests include tropical rainforests, subtropical to warm-temperate

"laurel" (laurophyll) forests, and tropical montane forests involving taxa similar to both. Tropical

rainforest is the potential natural vegetation of the humid tropical zone. Laurel forests represent

subtropical and warm-temperate analogs of the tropical rainforest and constitute the potential

natural vegetation oflarger parts of East Asia, where winter temperatures never fa11 below about

-lsOC (warm-temperate) or -20C (subtropical). The laurel forests that once covered most of

southern China and the southern half of Japan have been decimated almost completely in the

lowlands and remain only as small remnants around shrines and temples. Many of the main tree
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species do remain in the landscape and provide seed sources for possible forest recovery. Some

forested areas remain in mountainous terrain but are difficult to show at the scale ofour map.

- Tropical Rainforest Within our study area, lowland tropical rainforest

is indicated only in the lower Malay peninsula

and along the coast ofCambodia, but it also is

indicated prominently in windward Kerala.

- Tropical Montane Forest Montane laurophyll forest is suggested on the map

over somewhat larger parts of Southeast Asia,

especially in the mountains ofVietnam, northern

Myamnar, peninsular Thailand, and in the

Philippines (especially Mindanao).

- Evergreen Broad-Leaved Forest Although small areas of laurel do remain in some

areas (mainly in mouRtains), noRe are really

shown on the map.

Deciduous Broad-Leaved Forests and Woodlands

Deciduous broad-leaved forests vary more widely in stature and canopy closure, from tall, closed

forests to shorter, somewhat open woodlands, in which the tree crowns may barely overlap or

touch at all. The deciduous leaves are lighter green, thin, and soft, with high potential rates ofC02

intake and oxygen release; indeed these malacophylls (soft leaves) are "throw-away" leaves,

designed for maximum photosynthetic rates during the favorable season but then discarded during

the unfavorable dry or cold season.

Deciduous broad-leaved forests and woodlands fa11 into two broad categories, those that defbliate

due to an extreme dry season (raingreen) and those that defoliate due to a cold winter

(summergreen). Closed deciduous forests ofboth types have high productivity levels and can be

quite species-rich forests.

2. Summergreen Bread-Leaved Ferests and Woodlands (lightest green)

Summergreen broad-leaved forests are the potential natural vegetation ofthe humid, four-season,

typical temperate zones of the world, including East Asia, eastern North America, and much of

Europe. In Asia this area includes the northern halfofJapan, most ofKorea, parts ofthe Russian

Far East, most ofManchuria, and parts ofnortheastern and eastem China. The most common trees

are from genera such as Ft7gus, 2uercus, AceL 7-71ia, and F7exinus. Summergreen forests also

constitute the main secondary forest stage within the warm-temperate portion ofthe potential zone

of evergreen broad-leaved forests. This means that deciduous broad-leaved forests can be quite

extensive in East Asia, and they are familiar, seasonally colorfu1 parts oftemperate landscapes.

In addition, simimergreen forests composed of species tolerating a shorter summer growing

season are important in the sub-boreal zone and even in truly boreal latitudes in maritime areas.

Important short--season tree include Betula pendula, B. plampbylla and other birches, and Populus

lremula,P. dovidiana and other poplars. Individual tree species themselves occur even further

north, as secondary stages or adrnixtures in boreal forests. In between, the zonal transitional fbrest

type is a cool-temperate mixed forest involving, in particular Rfexinus, AceL 7-71ia, etc., plus

Pinus koreana and perhaps other non-boreal conifers; this mixed forest zone is also well
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developed in northeastern North America, with Pinus strobus. These mixed fbrests also include

the montane belts ofhumid temperate mountains, with Pinus and boreal conifers

Typical summergreen broad-leaved fbrests, as a class, are also one of the most resilient of the

world's main biome types, being able to regenerate within a century or less to a stature

approaching that of original forests (albeit with some, usually permanent loss of understorey

species). As a result, summergreen forests (including rnixed fbrests) should cover relatively large

areas on the map.

- Summergreen BL Forest On the map, summergreen forest is indicated over

much ofDahuria, Primorye, Manchuria, and

Korea, as well as northem Japan and small areas

in Southeast Asia; it is also suggested as part of

the landscape across the broad sub-boreal zone

ofsouthern Siberia, eastward into European

Russia, plus part ofsouthern Kamchatka.

- Temperate Mixed Forest Some ofsummergreen forest indicated, perhaps

especially in Korea, may have significant amounts

ofPinus koreana and in fact be mixed forest.

- Sub-Boreal and Boreal

   Birch/Aspen Forests

This would be the type ofsummergreen forest, or

sometime more open woodland, indicated across

the sub-boreal (sub-taiga) zone ofRussia, as well

as in maritime areas like Kamchatka.

- Non-boreal Poplar Forests These are mainly riparian forests, composed of

Populus, Chosenia and Salix species; such forests

occur only in small, linear areas that do not show

on the map but could be found frequently along

the

wide rivers of Siberia.

3. Raingreen Forests and Woodlands (bluish green)

Raingreen forests (always broad-leaved) are the potential natural vegetation oftropical and some

subtropical areas that have strongly contrasting wet and dry seasons, including much of Africa

and South America. In more humid areas most raingreen trees have typically light-green

malacophylls (soft leaves), but in drier areas maRy species can have surprisingly hard (for

deciduous), darker-green leaves. Because many raingreen trees are fast growing, they may also be

common colonizers after forest destruction (e.g. Macaranga species) and may constitute

secondary forest stages in the humid tropical zone.

Across interior tropical Asia, taller, more luxurious raingreen forests in Southeast Asia (e.g.

Myaumar, Thailand, Laos) grade westward into somewhat shorter raingreen forests and
woodlands (e.g. Dry Deciduous Forest) in India - but this pattern is also confbunded firequently

by orographic and other topographic effects (e.g. the Dry Belt ofBurma). Especially important in

these forests are trees from the family Dipterocarpaceae, such as S7zorea, (as also in the evergreen

forests of tropical Asia). In Asia, raingreen woods may also replace potentially semi-evergreen

forest after fire and may occur on areas of shallow soil. In such cases the leaves are generally large

and fairly hard, as in India and much ofinterior Southeast Asia.
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Our study area did not include large parts of tropical Asia, so raingreen forests and woodlands

appear only in smaller areas on the map, only iR Southeast Asia.

- Raingreen Forests and Woodlands These are indicated on the map almost only in

Southeast Asia, for example in southern Laos

and Vietnam, in central Thailand, and around

the northern periphery of the Burmese dry belt;

interestingly, very iittle is indicated over most

ofIndia (suggesting greater land degradation).

4. Evergreen Needle-Leaved Ferests and Woods (rich green)

Needle-leaved forests are constituted by coniferous trees bearing needle-like leaves that may be

round (e.g. pines) or fiattened (e.g. fir) in cross-section. Most conifers are also evergreen, with

needles that are typically dark green (high chlorophyll content, for shade tolerance) except in drier

areas, where canopy closure is less and sunlight is more available. Conifers typically have shallow,

spreading root systems, which would make them potentially vulnerable to drought. On the other

hand, the needles are typically coriaceous, sometimes even harder (sclerophyllous), and resist

water loss better than do most broad-leaved trees ofhumid climates, especially deciduous trees.

 Evergreen needle-leaved forests composed ofa few species of spruce (Picea), pine (Pinus) and

sometimes fir (Abies) are the potential natural vegetation of the broad boreal zone across the

high-latitude continental areas of the Northem Hemisphere. In Eurasia, such Boreal Forests (cf

taiga) extend from Scandinavia to central Siberia and are largely composed of Picea obovala,

Pinus sylveslris, and Pinus sibirica, with admixtures ofLarix (larch: deciduous). In central and

eastern Siberia they are gradually replaced eastward by larch woods, where winter is too cold for

the evergreens, but the evergreen conifer fbrests reappear in the more maritime Russian Far East.

Evergreen needle-leaved fbrests also constitute the main type of montane and subalpine

vegetation in the temperate and sub-boreal latitudes, except where the climate is too dry during the

grovving season. Boreal evergreen conifer fbrests thus cover large areas on the map.

In additioR to the boreal conifer forest, pine (Pinus) fbrests are important as secondary woods in

temperate, warm-temperate, and even subtropical parts of Asia. Much of the southern half of

Japan and ofsouthern China, for example, was converted from the zonal evergreen broad-leaved

fbrest into pine stands through repeated burning and other land-utilization practices. Pine fbrests

maintain themselves further through their resistance to grouRd fires. The main species are Pinus

densij7ora, P. sylvestris, and P. tabulaElformis (temperate and warm-temperate); and Pinus

massoniana and Pinus kestya (subtropical).

Finally, large areas in interior Japan and other mountainous parts of East Asia are covered by

conifer plantations. These "fbrests" generally involve desirable, straight-growing conifers such as

Cmptomeria and C7zamaecyparis or fast-growing pines and Cunninghamia.

- Boreal and Subalpine Conifer Forests The evergreen boreal conifer forest is indicated

across much ofhigh-latitude Eurasia (more

toward the west) as well as on Sakhalin and

in smaller areas near the Amur delta and on

the west side ofKamchatka; subalpine conifer

forest is conspicuously shown in the southern

Ural and the Altai-Sayan mountain areas.

- Open Boreal Taiga This open, often grassy boreal woodland cannot

be separated from more ciosed forest but does
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occur widely throughout the boreal zone,

often as part ofcomplex mosaics.

- Lowland/Montane Pine Forests Some ofthe areas indicated in the sub--boreal

zone (e.g. around Lake Baykal) are in fact

forests ofPinus sylvestris.

- Secondary Pine Forests

   (temperate/subtropical)

Pine forests within the zones oftemperate to

subtropical broad-leaved forests are indicated

over much of southern China, Japan, and Korea.

- Conifer Plantations These cannot really be distinguished on the map

from other non-boreal conifer forests but do

occupy large areas, for example, in the mountains

ofJapan.

5. Deciduous Needle-Leaved Forests and Woods (bright orange)

Needle-leaved deciduous fbrests are boreal, summergreen, and composed of only one main tree

genus, larch (Larix), though sometimes with admixtures ofevergreen conifers where winter is less

severe. Summergreen larch fbrests aRd, more commonly larch woodlands or woodland-scrub

mosaics, constitute the potential natural vegetation of the ultra-continental region of central and

eastem Siberia, where mean January temperatures may be below -300C (absolute minimum:

-71OC at Oymyakon, in Yakutia) but where summer, though short, can be very pleasantly warm.

Larch woods also constitute the northern treeline across much of Siberia, reaching 720 N latitude

on the Taymyr Peninsula. Larch woods show no successional pattern but rather involve trees ofall

ages. Interspersed in the larch mosaics are often thickets of scrubby birch (Betula), alder (Alnus)

or willow (Salix), typically no more than 4--6 meters high.

Larch woods range from closed fbrests to open woodlands. Closed fbrest is composed of larch

(Larix) with or without admixtures ofPicea or other, evergreen conifers, such as Pinus sibirica.

0pen larch taiga is more common and very extensive, also with or witheut admixtures ofother tall

conifers but often with an understorey ofPinus pumila thickets. Locally (as in the Da Xinggan

Ling mountains of Manchuria), there may also be plantation "forests" of larch, usually with no

other tree species involved at all

Because ofthe low sun angle in winter, with no sun at all above the polar circle, it is difliicult to get

reliable satellite data during the winter months. As a result, much of the boreal zone looks

"deciduous" because the satellite cannot see the green fbliage of the evergreen conifers.

Altematively, some treatments ofthe satellite data over-correct for this, showing almost no larch

woods. This problem has been partly solved here by usiRg temperature and ether criteria as

ancillary data.

- Boreal Larch Forests These are not distinguished on the map from more

 open larch taiga; closed forest would be most

 likely to occur iR more humid areas such as some

 mountams.

- Open Larch Taiga This is mainly what is indicated on the rr}ap, over

large parts ofcentral and eastern Siberia; in

reality, though, it should extend further north

almost to the Arctic coast across most of Siberia.
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6. Scrub (light elive green)

Scrub is woody vegetation that is not clearly dominated by trees, shrUbs, or any particular growth

form. It is often a mixture ofweody forms and often appears somewhat stunted. Scrub can thus be

ofmany different shapes, sizes, and seasonal patterns, and it is impossible to show the different

types on a map with a fu11 range of other vegetation types (since the eye can distinguish at most

only about 15-20 different colors).

A few types of scrub vegetation worldwide are: tropical evergreen broad-leaved scrub in

peinotrophic areas (e.g. the stunted, sclerophyll kerangas on shallow soil in Malaysia and

Indonesia; somewhat similar broad-sclerophyll scrub called cerrado in Brazil (and similar in parts

of India); raingreen thorn scrub throughout the tropical summer-rain zone, both as a natural

vegetation type in drier areas and as a degradation form of forest; sclerophyllous maeuis in

regions with Mediterranean-type climate (dry summer); diverse semi-desert scrub in arid regions

with higher humidity (coastal) or two rain seasons (e.g. Sonoran Desert); and the wind-stunted

krummholz (conifer and broad-leaved) that one finds near treeline in mountains or even along

windy coastlines.

At the scale ofour map, the only scrub types that appear seem to be the fo11owing:

- Scrub in Evergreen-Broadleaf region This includes substitute shrubs and arborescents

on badly degraded substrates in the evergreen

broad-leaved zone, especially in China

- Secondary Suinmergreen woods Suirmergreen woods are the zonal secondary

forest type in the warm-temperate (but not

subtropical) portion of the evergreen broad-

leaved fbrest zone; this is probably what is

indicated in the fairly long band stretching

from northeast to southwest across China'
                                 '
Sophora is very common in degraded areas.

- Subpolar Conifer KrE tmmholz This would be rnainly Pinus pumila scrub, as

does occur in the mountainous terrain of

eastern Siberia; on this map, though, this

conifer scrub probably gets included in the

larch woods or perhaps even in simbby tundra.

7. Grasslands and Meadows (yellow)

Grasslands are landscapes on which the vegetation is overwhelmingly composed of grasses, plus

an admixture of forbs (herbs that are not grasses or fems). Meadows are similar except that the

forb component is greater, sometimes as much as or more than the grasses. As an ecological plant

type, grasses are especially well adapted to drier and other highly variable environments: when it

becomes dry (or too cold), grasses simply become dormant, permitting their above-ground

biomass to wilt and die (thus reducing water-losing surface area); when water (or warmth) is again

available, grasses regenerate quickly from their underground storage organs. In more humid areas,

grasses tend to spread by stolons and form dense swards, while in drier areas the grasses grow

more in bunch forrn and may not cover the ground completely. In the Southern Hemisphere most

temperate grasslands involve tussock grasses (large clumps sometimes 2m high) and have a quite
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different appearance from those of Eurasia. Polar grasslands can be extensive but are included

here under tundra.

Grasslands, once established, maintain themselves well through their tolerance of fire (which kills

most woody plants), grazing, and in some cases through the density of the grass sward itsel£
which is very difficult fbr woody plants to invade. Grasslands thus cover very large areas of the

globe, including areas ofRatural grassland and areas where former forest has been removed.

In the tropics, most grasslands are in fact savannas, i.e. grasslands with scattered trees. These are

especially prominent over large areas in Africa but not so much in Asia. In mountains, however,

large areas of former forest have been converted, perhaps permanently, to montane grasslands

with few trees (except in ravines). Such montane grasslands, with genera such as imperata,

probably contribute to the speckled pattem seen on the map in Southeast Asia

The most "typical" pure grasslands are in the temperate continental interiors. Natural temperate

grasslands occur in these areas when the spring-early summer growing season (rainfa11 peak) is

too short for most typical temperate (summergreen broad-leaved) trees, which need four months

for their finit to ripen. The rest of the year is dry. In interior Eurasia, temperate grasslands cover

large areas. Two main types oftemperate grassland are typical:

Tall grasslands (cf prairie), as occur in areas with more moisture and a longer growing

  season; in Eurasia this means in a narrow band on the north side of the grassland strip,

  since the moisture gradient is from better water balance in the north to progressively

  drier conditions southward. This includes the especially fbrb-rich Meadow-Steppe,

  which represents the transition from nemoral or sub-boreal forest to grassland.

Shorter, often somewhat open grasslands where there is less moisture and the growing

  season is shorter (called `steppe' as an English technical term, not to be confused with

  the Russian `steppe' meaning grassland in general); these shorter grasslands cover

  much larger areas, including much ofthe Mongolian steppe.

These cannot be separated on the map, but temperate grassland in one form or another is indicated

across the subhumid mid-latitude interior of Eurasia, especially in an east-west band from the

Ukrainian steppes north ofthe Black Sea to the "elm grasslands" ofnorthem China. Some ofthis

grassland is pasture, as in sub-boreal southeastern and parts of boreal eastern Siberia. The

indication of grassland along the Dzhungdzhur coast of the Sea of Okhotsk seems erroneous,

however, since steep mountains come very close to this coastline.

True meadows occur mainly as small areas, in mountainous or other complex terrain. Large areas

of subpolar eastern Siberia, however, are also quite meadow-1ike in that they are open mosaics

involving islands of larch woods or birch thicket within a matrix of forb-rich grassy cover.

Grassland is indicated on the map fbr some of this area. The large area northeast of Kamchatka,

though, has the outline ofthe Koryanskiy mountains and may only be alpine vegetation.

8. Semi-Desert and Desert Vegetation (brown)

Strictly speaking, true deserts have no vegetation but semi-deserts carry sparse vegetation.

Nevertheless, some areas of mobile sand (as in the Tarim Basin) or extensive gravel (as in

Dzungaria) that give a strong desert impression do carry some very sparse vegetation. Areas with

no vegetation at all are included under "Bare Land" (below).

Semi-desert vegetation can be quite diverse in forms and seasonal pattems. In particular, in
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interior Eurasia, one might distinguish the fo11owing general types:

Semi-Desert Scrub in Asia is largely desert shmbland on stable or somewhat mobile

  sand; the shrubs are often leafless (e.g. Caragana, Halo)rylon) but can in fact be

  quite large, up to 2m high - or even higher ifelevated by growing upward to escape

  the mobile sand. In such cases the shrubs end up atop "pedestals" ofsand called `nebkha'.

Semi-Desert Dwarf Scrub is normally the most common form of desert vegetation,

  also in Asia, and consists mainly of smaller simbs and dwarf shnbs widely

  scattered over the harsh physical substrate; the most important genus is probably

  Arlemisia (wormwood; sagebrush in North America), most desert species ofwhich

  have white-pubescent leaves and sometimes stems.

Semi-Desert Grassland refers to sparse grass cover that is easily destroyed by overgrazing.

It was not possible to distinguish these sub-types en the map, but it may be possible in future work.

Finally, some desert and semi-desert areas are traversed by dry streambeds that carry water

eccasionally and thus have higher groundwater levels. Such dry streambeds often carry trees, and

in the Tarim Basin, for example, there can be prominent riparian fbrests ofpoplars (Populus). On

the map, some of the brown pattern around the Tarim Basin suggests such riparian woods,

especially on the northwest side (along the Yarkant and Tarim rivers); other peripheral brown

areas represent foothills, where groundwater appears near the surface.

Tundra Vegetatien (three shades ofpurple)

Tundra refers to treeless vegetation in the polar region or to analogous vegetation in the alpine belt

of sufficiently high mountains. All plants in such climates must be adapted to a short, cool

summer growing season and have mechanisms for winter dormancy. Nevembeless, tundra
vegetation can be diverse; growth forms may include, in particular, summergreen simbs (usually

not higher than 50cm, of species in tree genera such as Betula and Salix); evergreen simbs (also

to 50cm, e.g. Rhododendron, Ledum) aRd dwarf simbs (usually not higher than 20cm, mainly

Ericaceae such as Cassiope); grasses and sedges (usually to about 50cm); small forbs (mostly

summergreen, e.g. Dryas); mosses and lichens.

Polar tundra landscapes are usually mosaics, reflecting micro--relieg of two basic vegetation

structures, described as grassy or sedge-moss tundra (occuning iR wetter, flatter area) and

dwarfsl[tub tundra (occurring en more exposed uplands). The larger, summergreen simbs

mentioned above (Betula and Salix, etc.) appear near the southern limit ofthe tundra zone, where

the growing season is longer. Exposed uplands with scattered dwarCsimbs may have very low

vegetation cover and can be described as sparse tundra, approximating the moss-lichen "polar

deserf' of the High Arctic zone, which has few vascular species.

Above treeline in temperate and high-latitude mountains, grassy tundra is resuicted to flatter areas

and rnay be less common (except on the high Tibetan Plateau, with enormous areas of alpine

steppe dominated by the sedge Kobresia). In more complex terrain, the alpine vegetation is

usually more mixed, with many microhabitats for very small plants.

Unlike the deserts, for tuRdra we

simbby, and sparse tundra.

did try to distinguish sub-types on the map, namely grassy,

9. Grassy tundra (lavender)
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This is essentially Arctic grassland (or more properly, sedgeland), constituted mainly by sedges

(Cyperaceae), especially species of cotton grass (Eriophorum), which can be mono-dominant

over enormous areas. Within the grassy sub-type we also include alpine steppes (as in Tibet) and

alpine meadows, which are usually dense grassy swards but with many colorfu1 forbs.

- Polar grassy tundra (typical) This is indicated on the map across a wide area

ofnorthemmost Eurasia, from European Russia

in the west to the Chukotka peninsula in the east;

it is indicated mainly in flatter lowland areas

but probably is shown too far south, since it is

known that larch woods extend further north.

- Alpine Meadows These are generally too small to appear at the

scale ofthis map.

- Alpine Steppe This should be shown on the Tibetan Plateau -

but it is not.

10. Shrubby tundra (darker purple)

This refers to the generally taller, dense vegetation in warmer areas, involving both summergreen

shmbs (of tree genera, e.g. Salix, Betula, Alnus) and scactered larger evergreen shrUbs (e.g.

Rhododendron). It also can be quite grassy and includes dwarfsimbs and small forbs where they

can get enough light.

- Simbby tundra This is indicated on the map in some more

southerly areas but also seems to fo11ow the

contours ofvarious mountain ranges: northem

Urals; the Byrranga (north) and Putorana (south)

ofthe Taymyr region; various ranges in far

eastern Siberia (most prominently the Orgulan-

Verkhoyanskiy rangesjust east ofthe Lena river.

11. Sparse Tundra (reddish purple)

This grouping includes, in principle, the polar cold deserts with mainly non-vascular vegetation

(mosses and lichens), as well as alpine tundra (meadow plus dwarfshmbs) and alpine semi-desert

and cold desert. The vascular vegetation is open and sparse, involving mainly small forbs, from

genera such as Dicentra, Po4Mgonum, Papaver, MZnuartia, and Sexcdifag.

Visually, we cannot identify this signature anywhere on the map.

12. WetlaRds

Wetlands are areas where there is standing shallow water, extensively on the surface or at least in

hollows of topography with Bult-Schlenke relief (micro-ridges and other tops surrounded by

shallow micro-ditches, with maximum venical difference not more than about 30cm). Wetlands

may be wooded (e.g･ SWaMPs), but most are herbaceous (e.g. marshes, fens, wet meadows).
Incl"ded, in particular, are the fo11owing types.

 -Mires: Classic terrestrial wetlands, ranging from entirely rain-fed, highly
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acidic (bogs) to partially groundwater-fed and less acidic (fens);

fen vegetation is overwhelmingly herbaceous, while bogs may

be dominated by dwarfsimbs and forbs, especially Ericaceae

- Marshes Herbaceous vegetation (e.g. Phragmites, 7)?pha) in standing water

- Wet Meadows Herbaceous vegetation in deeper standing water, sometimes

involving floating or fioating-leaved vegetation

- Saltmarsh Coastal marshes involving especially ,S2)artina species in seawater

and lvncus species (and others) in brackish water

Most wetlands cover only small areas, and only a few herbaceous wetlands would appear on a

map at this scale. It is impossible to separate the different types. The largest area of terrestrial

wetlands is indicated in western Siberia, along the lower Ob' river and to its east. Also appearing

on the map are the large marsh complex (mainly 7Jypha) south ofQiqihar in western Manchuria

and an area in western China Rear the boundaries of Gansu, Qinghai and Sichuan (i.e. at high

elevation). Saltmarshes occur along coastlines in temperate Asia but are too narrow to appear on

the map.

13. Mangroves (dark bluish purpIe)

Mangroves are woodlands or even tall forests, composed ofparticular salt-tolerant taxa that grow

in the seawater of the inter-tidal zone. There are fewer than 100 such species worldwide and

generally not more than about 1O in the narrow shoreline suips ofprimary mangrove that occur

aloRg many tropical shorelines. In Thailand especially, though, the primary mangrove may extend

inland as far as 30 km and contain up to 30 species. These were also the tallest mangroves in the

world, reaching 35m in height in areas protected from typhoons; due to human utilization,

however, a more common height now is around 10m. The main mangrove genera, in Asia and

worldwide, are Rhizophora and Avicennia, but Asia has a variety of other important mangrove

tree genera as well, such as Bruguiera. More species occur in the less saline `back mangroves'

that lie behind the shoreline mangroves.

On the map, mangrove is indicated most clearly in west Bengal (south and southwest ofCalcutta)

but also along the Bay ofBengal coast ofMyanmar and perhaps in the Malay peninsula (where

areas do remain).

Cropland

Cropland includes both rice paddies and other crops. In this legend, paddy fields are shown

separately as item 14 and other cropland (using that name) as items 15 and 16.

14. Paddy Fields

Rice paddies are an integral part of Asian landscapes and may cover extensive areas in river

floodplains, coastal lowlands, and other relatively flat, low-lying areas. The biggest

concentrations are in eastern China north of the Shanghai estuary; to the west around the large

lake area ofHubei and Hunan (hu = lake in Chinese); finther west in the Sichuan basin; and in

Bengal.
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15. Cropland (extensive)

Some cropland areas are quite extensive and may involve monocultures, such as the
cereal-growing breadbasket ofthe Eurasian steppe zone and the densely settled East China Plain

(between Beijing and Shanghai). The former was originally grassland, while the latter was

originally mainly summergreen forest. Large cropland areas (light orange) are indicated on the

map in eastern China (extensive but mixed cropping, with many vegetables); in Manchuria

(mainly cornfields, fairly recent) and eastemmost Inner Mongolia; and across southern Ukraine

and Russia (cereals plus some vegetables) as far east as the Tian Shan mountains that separate

Middle Asia frem monsoon-infiuenced Central and eastern Asia.

16. Cropland Mesaic

Other crop areas are smaller, embedded in mosaic landscapes that may also involve woodlots and

settlements. Such areas are indicated on the map lpink) in cefitral China (e.g. Shaanxi, including

the Xian area), in the Sichuan basin, and more scattered in southeastern China, including Hainan;

in the Dry Belt of central Myanmar; over much of India; and in the Fergana basin and adjacent

area around Tashl<ent in Uzbekistan.

Areas with Little or No Vegetation

17. Bare Land (including arid desert)

Bare land has no vegetation at all. This may be the driest parts of arid deserts, areas of recent

volcanic activity that have not yet been re--coloRized by vegetation, or some settled or industrial

areas (mainly shown separately, as urban). The largest such areas are represented by the arid

deserts of the Middle East (Arabia and Persia); the cold, high deserts of the Qinghai-Tibetan

Plateau; and some parts of the Dzungarian-Gobi desert belt.

18. Ice Desert

Ice desert is land covered permanently by ice. The main areas in Eurasia are on the various islands

of the Arctic Ocean: Novaya Zemlya (especially the northern part), Franz-Josef Land (north of

Novaya Zemlya), and Severnaya Zemlya (north of the Taymyr peninsula). Only small areas of

permanent ice appear in the Himalaya.

19. 0pen VVater

Open water includes both seawater and fireshwater lakes. Freshwater lakes visible on the map

include Lake Baykal in Siberia, the Uvs and Hoevsgol lakes ofnorthern Mongolia, Issyk Kul' in

Kirghizstan, the Qinghai (blue lake, in Qinghai province) ofwestern China; and the Hanka Lake

on the border between Primorye and Chinese Manchuria. Brackish or more saline inland seas

include the Caspian Sea, Lake Balldiash, and the Aral Sea (note its new shape and the srnall sea to

its south, on the Amu Dar'ya river, which may represent extensive inigation and is not shown in

atlases).

20. Urban Areas

Urban areas have liule vegetation but may nevertheless represent refuges for some species, mostly
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alien but some native. Their areas (in red) have been superimposed from another m

see clearly on the map that the largest is the Tokyo-Yokohama area.
ap. One can
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