
)��,QMINVLF
-DBC
)%� �PLVTE�#D7$��E�
	;�

�84Y ��*�9 W(&��U'�@X

��4Y ��5�? W(&��U�+,/0RSJGHOKTLVX

��4Y !�.> W2:�'/0�U�'�</01X

��4Y ��'W2:�'/0�U�'�</01X

��4Y "=6�W2:�'/0�U2:�3AX



dn��}vy�j�pEsiRZ

{���� gn^��
96�/ !�n�����w��.C 96�/ ��z���r�;�L�

1)�7�0m��eh?�~�rM
9$fq|~��rW<fq

2)96�/ n��r�P�e`O&`>@J`8�t�~���-J`'KY�Jc�;�
Ll`96�/ !������~r.Cfq

{���� gn_
��!�n��� rI#eh9"������nW< \!��ut~]nQ2

3)1,�Hn+Eoj`���nAX=�prI#eh����z%3rW<fq

4)?n��r[D��1x1��j�5fq������zrOb

{���� gn^��
[Q��n96�/ ���;ah�S�nUG�* \�tnBN]�ZnQ2

5)�	=�
��r�Ve`�
kF49:n����x�Y�rI#eh�S�n�7=U
Gr`)T��*jQ(



j(&�"���NbgZ]`Tke!2

j(&����N�"�Q9�GI
(�^ZYf\hN@,

jB3�N(&����Q)EI�<�?8��

�biWSU]N`ikK�5.-

(&�"���N�	�Q�

cX]COP10N�+.#>�Q�=HP

l��*j'�YkeNVa[kdCnom

l$�j7�/YkeNVa[kdDm

l��*j'�YkeNVa[kdCnpm

Noah‘s Ark Problem
_RN1:
A

0�6%-L�4N�J
(&�"���Q	 -M;FMOq



��������
��SR��������(ED)����

���������
����	
�� �����


��
��SR�

������(ED)



���	�
���
SR�����



� �@Maxent�AFH���B�
�����3*�C�'B��RKXPOYNJ":3%!
D?����5)72(!D?����5�48>J�:3

���TOVXLA�4;����>TOWB�<CEG3
�"B�#C2TOVXLA�4;����J":3	BQ
MPLUSC2AUCAFH��TOVXLB�<CEG$�
=2AUC50.7��=
64D?�<CEG5F4>9IH3

MAXENT�AFH�B�&��B��

/10.,+-

�
�

Explanation Source

Annual mean temperature (˚C)* Mesh Climate Data 2000a + Worldclimb

Mean diurnal range* Mesh Climate Data 2000a + Worldclimb

Isothermality (mean diurnal range /

temperature annual range) *
Mesh Climate Data 2000a + Worldclimb

Temperature seasonality (standard deviation) * Mesh Climate Data 2000a + Worldclimb

Maximum temperature of warmest month

(˚C)*
Mesh Climate Data 2000a + Worldclimb

Minimum temperature of coldest month (˚C)* Mesh Climate Data 2000a + Worldclimb

Temperature annual range (max. temperature

– min. temperature) *
Mesh Climate Data 2000a + Worldclimb

Mean temperature of wettest quarter (˚C)* Mesh Climate Data 2000a + Worldclimb

Mean temperature of driest quarter (˚C)* Mesh Climate Data 2000a + Worldclimb

Mean temperature of warmest quarter (˚C)* Mesh Climate Data 2000a + Worldclimb

Mean temperature of coldest quarter (˚C)* Mesh Climate Data 2000a + Worldclimb

Annual precipitation (mm)* Mesh Climate Data 2000a + Worldclimb

Precipitation of wettest month (mm)* Mesh Climate Data 2000a + Worldclimb

Precipitation of driest month (mm)* Mesh Climate Data 2000a + Worldclimb

Precipitation seasonality (coefficient of

variation) *
Mesh Climate Data 2000a + Worldclimb

Precipitation of wettest quarter (mm)* Mesh Climate Data 2000a + Worldclimb

Precipitation of driest quarter (mm)* Mesh Climate Data 2000a + Worldclimb

Precipitation of warmest quarter (mm)* Mesh Climate Data 2000a + Worldclimb

Precipitation of coldest quarter (mm)* Mesh Climate Data 2000a + Worldclimb

Maximum depth of snow (m)* Mesh Climate Data 2000a + Worldclimb

Cation exchange capacity of surface soil (cmol+

kg−1)

SoilGridc

Soil organic carbon content (g kg–1) SoilGridc
Soil pH SoilGridc
Geological categories** Ministry of Land, Infrastructure,

Transport and Tourism
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Sampling bias correction in species distribution models by quasi-linear 
Poisson point process (in prep.) 
Komori O., Eguchi S., Saigusa Y., Kusumoto B. & Kubota Y.
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生物多様性の保全科学：システム化保全計画の概念と手法の概要

久保田　康裕1,3*・楠本　聞太郎1,2・藤沼　潤一1・塩野　貴之1

1琉球大学理学部・2琉球大学戦略的研究プロジェクトセンター・3琉球大学熱帯生物圏研究センター

Systematic conservation planning for biodiversity conservation: Basic concepts and outline of analysis procedure

Yasuhiro Kubota1,3*, Buntarou Kusumoto1,2, Junichi Fujinuma1 and Takayuki Shiono1

1Faculty of Science, University of the Ryukyus
2Center for Strategic Research Project, University of the Ryukyus
3Tropical Biosphere Research Center, University of the Ryukyus

要旨：システム化保全計画の概念と理論に基づく生物多様性の空間情報の分析は、保全の利害関係者に様々な選択肢
を提供し、保全政策の立案・実行における意思決定を支援する。本論では、日本の生物多様性保全研究を推進する一
助として、システム化保全計画を概説した。保護区ネットワーク設計の基本概念は“CARの原則”である：包括性
（comprehensiveness）、充足性（adequacy）、代表性（representativeness）。全ての地域を保護区にするのは不可能なので、
現実の保全計画では、生物多様性のサンプル（抽出標本）を保護区として保全する。CARの原則は、母集団の生物多
様性のパターンとプロセスを、抽出標本内で再現するための概念である。システム化保全計画では、生物分布データを
利用して保全目標を定義し、保全に関わる社会経済的コスト（土地面積や保全に伴って生じる社会経済的負担）を考慮し、
保全優先地域を順位付けする。この分析は、地域間（保全計画のユニット間）の生物多様性パターンの相補性の概念に
基づいている。かけがえのなさ（代替不可能度、irreplaceability）は、保全目標の効率的達成における、ある場所や地域
の重要度を表す指標概念である。保全優先地域を特定する場合、保全上の緊急性や必要性を組み込む必要があり、代替
不可能度と脅威と脆弱性の概念を組み合わせるアプローチがある。これにより、各サイトは、プロアクテイブな事前対
策的保全地域とリアクテイブな緊急性の高い保全地域に識別される。保全計画では、様々な保全目標を保全利益に照ら
して検討することが重要である。Zonationが実装している効用関数は、メタ個体群や種数̶面積関係の概念に基づいて
空間的な保全優先地域の順位付けを可能にしており、有望である。システム化保全計画の課題の一つは、生物多様性パ
ターンを静的に仮定している点である。生物多様性を永続的に保全するため、マクロ生態学的パターンおよび種分化、
分散、絶滅、種の集合プロセスを保護区ネットワーク内部で捕捉するスキームを検討すべきだろう。システム化保全計
画は生物多様性条約の学術的基盤で、愛知ターゲット等の保全目標を達成する不可欠な分析枠組みである。今後、日本
でも実務的な保全研究の展開が期待される。
キーワード： 空間的な保全優先地域の分析、生物地理学、保護区ネットワーク、マクロ生態学、Zonationアルゴリ

ズム

Abstract: Systematic conservation planning (SCP) provides a decision-support framework for biodiversity conservation for multi-

stakeholder deliberation. The core concept for designing protected area (PA) networks is the CAR principle, which comprises 

Comprehensiveness, Adequacy, and Representativeness. This is the basis of conservation planning, involving the identification 

of potential biodiversity patterns within a PA network as sampled areas. Priority areas for implementing conservation targets 

are identified in a spatially explicit manner, based on site-selection algorithms using biodiversity features and socioeconomic 

総 説
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Early View (EV): 1-EV

(Ladle and Whittaker 2011) and predicting possible pattern 
alteration in response to ongoing climate changes (Th uiller 
et   al. 2004). 

 Continental island archipelagos are formed by the inter-
play of tectonic, geographical, and palaeoclimatic processes 
(Whittaker and Fern á ndez-Palacios 2007). Th eir biotas 
have been repeatedly fragmented because sea level changes 
that produced discrete colonisation windows when land 
bridges formed (Kubota et   al. 2011); this allowed con-
tinental islands to function as evolutionary cradles for 
neo-endemics or refugia for relict taxa that escaped harsh 
continental climates during the Quaternary ice age (Tiff ney 
1985, Harrison et   al. 2001). Although oceanic islands have 
been regarded as natural laboratories of adaptive radia-
tion through niche pre-emption by the lineages that fi rst 
colonise the islands (Whittaker et   al. 2008, Weigelt and 
Kreft 2013), continental islands are suitable for testing 
the roles of idiosyncratic historical processes, such as non-
adaptive radiations associated with divergent selection or 

Ecography 39: 001–012, 2016 
doi: 10.1111/ecog.02033

  ©  2016 Th e Authors. Ecography  ©  2016 Nordic Society Oikos 
 Subject Editor: Ken Kozak. Editor-in-Chief: Catherine Graham. Accepted 13 February 2016  

 Islands and fragmented habitats serve as ideal systems for 
studying ecological and evolutionary processes; thus, bio-
diversity patterns relevant to geographical constraints have 
long been a central issue in ecology and conservation biology 
(Whittaker and Fern á ndez-Palacios 2007). MacArthur and 
Wilson ’ s (1963) equilibrium theory of island biogeography 
inspired theoretical and empirical studies of the mainte-
nance mechanisms of species richness, and subsequent stud-
ies emphasised the roles of evolutionary processes (Losos 
and Schluter 2000) as primary drivers of insular communi-
ties (Chen and He 2009, Rosindell and Phillimore 2011). 
A more comprehensive understanding of island biogeogra-
phy requires the elucidation of how island-specifi c histori-
cal processes shaped endemic biota that exhibit geographical 
diff erences in dispersal, speciation, and extinction relative to 
abiotic constraints (Kreft et   al. 2008). Additionally, identi-
fying historical constraints that shaped geographical areas 
with high species richness contributes to the development of 
conservation strategies for protecting biodiversity hotspots 

   Phylogenetic properties of Tertiary relict fl ora in the east Asian 
continental islands: imprint of climatic niche conservatism and in 
situ diversifi cation      

    Yasuhiro     Kubota  ,       Buntarou     Kusumoto  ,       Takayuki     Shiono     and         Takayuki     Tanaka            

  Y. Kubota (kubota.yasuhiro@gmail.com), B. Kusumoto and T. Shiono, Faculty of Science, Univ. of the Ryukyus, Nishihara, Okinawa, 903-0213, 
Japan.  –  T. Tanaka, Dept of Mountain and Environmental Science, Interdisciplinary Graduate School of Science and Technology, Shinshu Univ., 
3-1-1 Asahi, Matsumoto, Nagano 390-8621, Japan.                               

 Understanding biodiversity patterns on islands has long been a central aim in ecology and conservation biology. Island-
specifi c biogeographical processes play substantial roles in the formation of endemic biota. Here, we examined how climate 
niche conservatism and geohistorical factors are interactively associated with in situ diversifi cation of Tertiary relict fl ora in 
the east Asian continental islands. We generated two novel datasets for species distribution and phylogeny that included 
all of the known vascular plant species in Japan (5575). Th en we tested phylogenetic signal of climatic tolerance, in terms 
of absolute minimum temperature and water balance, and explored environmental predictors of phylogenetic structure 
(evolutionary derivedness and clustering) of species assemblages. Although phylogenetic signal of climatic tolerance was 
signifi cant across the phylogeny of most species, the strength of climatic niche conservatism diff ered among ferns, gymno-
sperms, angiosperm trees, and angiosperm herbs. For angiosperm trees, cold temperatures acted as environmental fi lters 
that generated phylogenetic derivedness/clustering of species assemblages. For fern and angiosperm herb species, however, 
phylogenetic properties were not associated with climatic harshness. Th ese contrasting patterns among groups refl ected 
climate niche evolution in vascular plants with diff erent growth forms and traits; for example, diversifi cation of angiosperm 
trees (but not fern and herb) occurred in response to historical climatic cooling. More importantly, geographical constraints 
contributed to evolutionary radiation that resulted from isolation by distance from the continent or by elevation. Quater-
nary climate change was also associated with clade-specifi c radiation in refugial habitats. Th e degree to which geographical, 
geological, and palaeoclimatic variables explain the phylogenetic structure underscores the importance of isolation- and 
habitat-stability-related geohistorical processes in driving in situ diversifi cation despite climatic niche conservatism. We 
propose that the highly endemic fl ora of the east Asian islands resulted from the interplay of idiosyncratic regional factors, 
and ecological and evolutionary processes, such as climate niche assembly and adaptive/nonadaptive radiation.   
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How well are biodiversity drivers reflected in protected areas?
A representativeness assessment of the geohistorical gradients
that shaped endemic flora in Japan
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Abstract Protected areas function as a lifeboat that can
preserve the origins and maintenance of biodiversity. We
assessed the representativeness of biodiversity in existing
protected areas in Japan using a distribution dataset and
phylogenetic tree for 5565 Japanese vascular plant spe-
cies. We first examined the overlap of species distribu-
tion with the existing protected areas and identified the
minimum set representing all plant species. Second, we
evaluated the relative importance of environmental
variables in explaining the spatial arrangement of pro-
tected areas using a random forest model. Finally, we

clarified how potential drivers of plant diversity were
sufficiently captured within the protected areas network.
Although the protected areas captured the majority of
species, nearly half of the minimum set areas were se-
lected from outside the existing protected areas. The
locations of existing protected areas are mainly associ-
ated with geographical and socio-economic factors ra-
ther than key biodiversity features (including
evolutionary distinctiveness). Moreover, critical biodi-
versity drivers, which include current climate, paleocli-
matic stability, and geographical isolation, were biasedly
emulated within the existing protected areas. These
findings demonstrate that current conservation planning
fails to represent the ecological and evolutionary pro-
cesses relevant to species sorting, dispersal limitation,
and allopatric speciation. In particular, under-represen-
tativeness of historically stable habitats that function as
evolutionary hotspots or refugia in response to climate
changes may pose a threat to the long-term persistence
of Japan’s endemic biota. This study provides a funda-
mental basis for developing prioritization measures to
retain species assembly processes and in situ diversifi-
cation along current climatic and geohistorical gradi-
ents.

Keywords Continental island Æ Evolutionary
distinctiveness Æ Minimum set analysis Æ Plant species
richness Æ Protected area network

Introduction

Target-based planning of protected areas is a widely
used conservation approach (Possingham et al. 2006;
Moilanen 2007), and developing protected area net-
works to represent biological features has become a
central aim in conservation biogeography (Ladle and
Whittaker 2011). Nonetheless, many protected areas
have traditionally been designed to conserve particular
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定する場合には、効用最大化が有力なアプローチになる
ことを示している。また、どのような価値基準で種を重
みづけするか、あるいは、利益関数の仮定によって保全

優先地域は異なることを示しており、保全計画の主観性
の問題にも示唆を与えている。

Box 5　Zonationによる保全優先地域の特定
　Zonation（Box 1 参照）は、生物多様性の空間分布情
報（例えば、種の分布域地図）を使って、各サイトの保
全上の優先順位を計算する。始めに、全サイトを保護す
るという仮定を置き、あるサイト iを保護区から除いた
場合の生物多様性の損失 δ iを計算する。損失の最も小
さいサイトを逐次的に除去していくことで、景観全体の
優先順位付けが行われる。ここで、損失 δ iは除去規則
（removal rule）に従って評価され、リムーバルカーブと
して描画される（Fig. IIIの曲線）。代表的な除去規則は、
Core Area Zonation（CAZ）と Additive Benefit Function

（ABF）である。
　CAZでは、残存サイトの中でのサイト iにおける種 j
の分布面積の相対的割合（qi,j）を考える。特定のサイト
に分布する局在種（地理的希少種）ほど、つまりサイト
iに地理的希少種が分布するほど、qi,jは大きな値をとる。
wjは種 jの保全上の危急性で、ciはサイト iの社会経済
的コストである。

ABFは、あるサイト iを逐次的に除去していく場合の単
位面積あたりの生物多様性の損失（∑ j∆Vj）を考える（Fig. 

IIIb）。

サイト iを残した場合（Vj(qj)）とサイト iを除去した場
合（Vj(qj-i)）の差分の総和を、多様性の損失（∑ j [Vj(qj)-

Vj(qj-i)]）として計算する。ここで、qjは残存サイトに含
まれる種 jの分布割合を示す。ABFは、種数―面積関係
を暗示的に考慮している。
　これらのアルゴリズムは思想的には、保全目標ベース
の最小被覆問題のアルゴリズムや最大被覆問題による保
全の効用最大化アルゴリズムを組み込んでいる。

Box 5 Fig. III. Zonationのリムーバルカーブ（a）と Additive benefit function（b）。
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