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1 引言

 人类正面临着前

所未有的生物多

样性丧失和物种

灭绝危机！

物种受胁、物种多样性丧失

生境丧失
与片段化

外来种入侵 气候变化

生境退化与污染 资源过度利用



Haddad et al. 2015

 最重要胁迫因素

⚫ 栖息地的丧失与片段化

全世界超过70% 的森林
其林缘距离在1 km以内

我国大多数森林斑块面积很
小，大部分面积小于10公顷



生境片段化后的景观变化

 生境面积总量减少

 斑块增多

 斑块面积变小

 斑块间隔离度增加

 单位面积生境边界变长

 生境中心到边界距离变短



片段化效应

景观格局
变化

时间动态
边缘效应

基质效应

面积效应

种间互作

功能多样性

物种多样性

遗传多样性 生活史特征、行为

干 扰

营养级梯
效应

隔离效应

随机过程

生态系统

种 群
群 落



生境片段化问题成为当今生态学与保护生物学研究领域

的核心与前沿问题之一



关注的科学问题

 群落构建（聚群）规律与物种共存机制

 多维度生物多样性的时空格局及其维持机制

 食物网结构和物种相互作用的变化规律

 生物多样性与生态系统功能之间的关系

 片段化生境中生物多样性保护策略



 岛屿

⚫ 生态学和进化研究天然实验室

 浙江岛屿

⚫ 舟山群岛（1390个岛）

2 为什么在千岛湖开展生物多样性监测与研究
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A bstract
The study of islands as model systems has played an important role in the development of evolu-

tionary and ecological theory. The 50th anniversary of MacArthur and Wilson’s (December 1963)

article, ‘An equilibrium theory of insular zoogeography’, was a recent milestone for this theme.

Since 1963, island systems have provided new insights into the formation of ecological communities.

Here, building on such developments, we highlight prospects for research on islands to improve our

understanding of the ecology and evolution of communities in general. Throughout, we emphasise

how attributes of islands combine to provide unusual research opportunities, the implications of

which stretch far beyond islands. Molecular tools and increasing data acquisition now permit re-

assessment of some fundamental issues that interested MacArthur and Wilson. These include the

formation of ecological networks, species abundance distributions, and the contribution of evolu-

tion to community assembly. We also extend our prospects to other fields of ecology and evolution

–understanding ecosystem functioning, speciation and diversification –frequently employing assets

of oceanic islands in inferring the geographic area within which evolution has occurred, and poten-

tial barriers to gene flow. Although island-based theory is continually being enriched, incorporating

non-equilibrium dynamics is identified as a major challenge for the future.

K eyw ords
Community assembly, diversification, ecosystem functioning, genomics, island biogeography,

islands as model systems, speciation.

Ecology Letters (2015) 18: 200–217

IN T R O D U C T IO N

Fifty years ago, two young ecologists were disheartened by

the descriptive and old-fashioned nature of their field, the

importance of which was becoming overshadowed by revo-

lutionary advances in molecular biology. In their 1963

paper, ‘An equilibrium theory of insular zoogeography’, R.

H. MacArthur and E. O. Wilson took their first step in a

landmark endeavour both to add statistical rigour to com-

munity ecology and to establish a conceptual foundation for

further work. Inspired by previous advances in biology

using insular systems, they recognised the utility of island
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修建水库大坝形成的陆桥岛屿为研究生物多样性、岛屿

生物地理学和生境片段化效应等科学提供了理想的研究

平台！

Wu et al. 2003



人工陆桥岛屿的特征

 形成时间一致、形成历史清楚
 基质为水，单一、不亲和性
 岛屿边缘明显、岛屿生境相对一致



湖泊形成时间: 1959
湖泊面积: 573 km2

岛屿数量: 1078 (> 0.25 ha)
岛屿面积: <0.1–1158 ha

千岛湖是一个在中国（甚至在全球）非常独特
的、隔离了60年的人工陆桥岛屿湖泊

千岛湖概况

 浙江省西部淳安县



千岛湖地区的主要植被类型：次生马尾松林



千岛湖生态学野外科学观测研究站

 16年的长期定位研究

 2008年建站

 具国际影响的独特片

段化研究平台





⚫ 42个岛：鸟类长期监测固定样线

✓ 2003年开始调查；2006年扩展

到42个岛

✓ 调查季节：繁殖季（4-6月）、

冬季（11-1月）

✓ 每月调查15次，2011年起9次

3 在千岛湖已开展的监测与调查工作





植物群落动态监测样地 (29样岛+大陆样地)
地点 面积 样方 设置时间 复查1 复查2

20 小岛 (<1ha) 7.91ha 1918: 5m×5m (全岛) 2009-
2010

2014-
2015

2019
9 大岛(1-1154ha) 4.80ha 3165: 5m×5m (至少0.5ha)

大陆 1.00ha 1: 100m×100m 2012 2017

大陆
1.25ha 21: 30m×30m

2016
1.89ha 5: 50m×50m
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⚫ 32个岛：红外相机调查兽类和地栖鸟类
⚫ 植物丰富度156个岛
⚫ 兽类33个岛
⚫ 蜥蜴42个岛
⚫ 蛇类48个岛
⚫ 两栖类17个岛
⚫ 蜘蛛与地表甲虫31个岛
⚫ 蚂蚁33个岛
⚫ 传粉昆虫41岛



监测结果

 植物：800多种

 两栖类：9种

 爬行类：16种(蜥蜴5种、蛇类11种）

 鸟类：177种

 兽类：20种（小型兽类11种）

 蜘蛛：135种

 蚂蚁：97种

 访花昆虫：290种



2007-2016年36个岛屿鸟类调查结果







四个优势种 (檵木Loropetalum chinense, 短尾越桔Vaccinium carlesii, 马尾松Pinus 

massoniana, 映山红Rododendron simsii) 占据> 70% 的个体。49 个物种的个体数<0.1%。

29个植物样岛调查结果
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29个样岛（按面积大小排序）上每个物种的相对多度
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29 个植物样岛5年动态

物种数 个体数 死亡数 新增数

2009-2010 76 186781

2014-2015 74 154962 33125 1306



4 成果与案例

 国内外学术刊物发

表论文近60篇

 国际生态学重要学

术刊物论文23篇

⚫ Biological Reviews （1）
⚫ Ecology（1）
⚫ Journal of Ecology（3）
⚫ Journal of Animal Ecology （3）
⚫ Global Ecology and Biogeography （1）
⚫ Journal of Biogeography（8）
⚫ Landscape Ecology（3）
⚫ Biological Conservation（1）
⚫ Diversity and Distributions（1）
⚫ Oikos（1）



Case 1:群落种-面积关系

 千岛湖岛屿植物和鸟类

⚫ 存在种-面积关系

⚫ 不同类型的物种对片段化的响应

存在差异



 岛屿上植物物种多样性的受环境

因子如土壤总磷、土层厚度和土

壤容重显著影响

 岛屿种-面积关系中环境过滤的

作用不可被忽视



 种-面积关系小岛屿效应

⚫ 鸟类不存在小岛屿效应

⚫ 两栖类、蛇类存在小岛屿效应

⚫ 小岛屿效应检验必须包含空岛



 鸟类物种多样性的稳定性

⚫ 高物种周转率: 30.5%

1–10% year–1 (Schoener 1983 Oikos)



 种-面积-时间关系(SATR）

⚫ 存在着种-面积关系

⚫ 存在种-时间关系



Case 2: 功能和谱系多样性

 鸟类群落功能多样性

⚫ Fric随岛屿面积增加而增加

⚫ Feve随岛屿面积增加而减小



 鸟类功能-谱系多样性随岛

屿面积而增加，随岛屿隔离

度而下降

⚫ 岛屿鸟类群落在功能和谱系

水平上均呈聚集格局，在小

而隔离岛屿上更为明显

⚫ 群落构建因素：生境过滤



非充分检测对功能和谱系结构计算的影响

 没有记录到的物种

⚫ 确实没有，或者有而没有记录到

 多物种占有模型评估

⚫ 非充分检测使物种、功能和谱系多样性被明显低估，其中估

算物种多样性时偏差最大



 鸟类、蜥蜴、蜘蛛具高β多样性

⚫ 主要受空间周转组分影响

 鸟类β多样性存在季节格局

⚫ β多样性：冬季留鸟>夏季留鸟

⚫ 嵌套组分：冬季留鸟>夏季留鸟

Case 3: β多样性

spider



 植物群落β多样性

⚫ 小岛屿间比大岛屿间具有

更高的β多样性

⚫ 主因：生境异质性
nearby islands, or if dispersal is effectively “global,”connecting all

islands equally.In this study,w ith a m atrix of w ater,seed dispersalis

likely to be quite lim ited,although direct studies of seed dispersalin

this system are needed to further test the interaction of dispersal,

drift and selection.

D rift is expected to increase com positional dissim ilarity am ong

sm all islands over tim e, m ore than am ong large islands, due to the

stochastic divergence in species com position (Fukam i, 2010; O rrock

& W atling, 2010; V ellend, 2016). In our study system , analysis of

raw data w as consistent w ith this prediction, show ing that com m u-

nity dissim ilarity w as greater am ong sm all islands than am ong large

islands (Figure 2);the sam e trend w as observed w hen controlling for

the num ber of individuals (a potential sam pling effect) (Figure 3a).

H ow ever, as explained in the introduction, relatively high
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 鸟类群落物种和功能α与β多样性

⚫ 物种周转是物种β 多样性的主要组分

⚫ 功能嵌套组分在功能β 多样性中占主导地位

⚫ 选择性灭绝过程导致了物种和功能β多样性之间的显著相关性



Case 4: 群落嵌套格局

 存在嵌套格局的类群

⚫ 鸟类、蜥蜴类、蛇类和兽类、植物

 嵌套格局形成驱动力各异

⚫ 鸟类：选择性灭绝和生境嵌套

⚫ 蜥蜴类：生境嵌套

⚫ 蛇类：选择性灭绝、生境嵌套

⚫ 小型兽类：选择性灭绝、生境嵌套

⚫ 非鼠类的地栖兽类：选择性灭绝



Case 5: 群落更新

⚫ 小岛上森林群落以演替早期种为主，动物传播和耐阴种较少

⚫ 小岛具有和大岛上相似的单位面积地上生物量，主要归因于

快速生长的优势种马尾松的贡献

⚫ 岛屿面积是次生演替的关键因素，隔离度的作用相对较小

⚫ 边缘效应影响物种和功能组成



 种子扩散者-种子-植物群落

⚫ 鸟类传播的种子比兽类传播的种子小

⚫ 鸟类为主要传播者

⚫ 导致大岛上富集更多的小种子植物

1152  |   w ileyonlinelibrary.com /journal/jbi Journal of Biogeography. 2019;46:1152–1162.©  2019 John W iley &  Sons Ltd

1  | IN T R O D U C T IO N

Seed dispersal is of vital im portance in the m aintenance of the 

structure and function of plant com m unities but it is also one of the 

m ost disrupted processes in habitats that have been disturbed and 

fragm ented (B urns, 2005; Em er et al., 2018; M cC onkey et al., 2012; 

N euschulz, B row n, &  Farw ig, 2013). Several studies have reported 

that forest fragm entation can cause a rapid extinction of anim al spe-

cies (H agen et al., 2012), especially large- bodied anim als (D irzo et al., 

2014; H einen, van Loon, H ansen, &  K issling, 2018). Large- bodied 

m am m als and birds are critical for the m aintenance of intact plant 

com m unities because they contribute to the efficient seed dispersal 
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A bstract

A im : Sm all, old- grow th forest fragm ents generally have m ore sm all- seeded plants 

than large patches, due to the disappearance of large seed dispersing vertebrates. 

This pattern m ay differ for secondary forest fragm ents w here differential m igration 

ability rather than persistence of seed dispersers m ay be driving plant com m unity 

assem bly. In this study, w e investigated the effect of habitat fragm entation on seed 

dispersers and plant com m unity structure in regenerating forests.

Location: The Thousand Island Lake, C hina.

Taxon: Plants, birds and m am m als.

M ethods: W e com piled diversity and abundance data for birds and m am m als on is-

lands in the Thousand Island Lake, C hina. W e also surveyed the secondary plant com -

m unities and m easured seed dispersal traits.

Results: C om m unity- w eighted m ean seed size of w oody plants decreased w ith island 

size. This pattern w as related to com positional difference of the dispersers. W e found 

that m am m al diversity and abundance w as only w eakly or not related to island size; 

w hereas bird diversity and abundance increased strongly w ith island size. D ensity of 

bird- dispersed plants w as significantly positively related w ith island size. Since birds 

tend to disperse sm aller seeds than m am m als, the trend in seed size m ay have been a 

consequence of the shift in relative abundance of the tw o disperser guilds.

M ain C onclusions: D ifferential responses of seed dispersers to habitat fragm enta-

tion m ay lead to pervasive shifts in the plant com m unity structure of regenerating 

forest fragm ents. O ur study highlights the im portance of keeping large continuous 

forests in order to retain m am m als and their dispersal capabilities.

K E Y W O R D S

birds, habitat fragm entation, m am m als, regenerating forest fragm ents, seed dispersal, seed 

size, the Thousand Island Lake

Case 6: 种间互作



 鼠类-短柄枹种子扩散系统

⚫ 片段化会导致大型兽类丧失产生营养级效应

⚫ 面积通过影响大型兽类丧失和鼠类对种子资源的竞

争强度间接地促进鼠类对植物种子的传播

⚫ 隔离度直接限制鼠类对植物种子的传播

1506  |   w ileyonlinelibrary.com /journal/jec Journal of Ecology. 2019;107:1506–1517.©  2018 The A uthors. Journal of Ecology 
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A bstract

1. Habitat ⚫ss and fragmentatin ften ⚫eads t defaunatin f ⚫arge‐bdied mam-

ma⚫s, and their ⚫ss cu⚫d trigger re⚫ease frm tp‐dwn cntr⚫ r fd resurce 

cmpetitin fr sma⚫⚫ mamma⚫ seed dispersers, which in turn may affect the ef-

fectiveness f seed dispersa⚫ by a⚫tering the number f dispersed seeds r the 

manner in which they are dispersed. A⚫thugh rdents are primary seed dispers-

ers in habitat subjected t defaunatin, changes in seed dispersa⚫ effectiveness f 

rdents a⚫ng mamma⚫ian defaunatin gradients, and empirica⚫ supprt fr mech-

anisms under⚫ying a⚫teratin f this ec⚫gica⚫ prcess, are unc⚫ear.

2. We assessed the direct and indirect effects f frested area and is⚫atin n seed 

dispersa⚫ effectiveness f rdents n 21 study is⚫ands with varying ⚫eve⚫s f de-

faunatin in the Thusand Is⚫and Lake, China. We used camera samp⚫ing, ⚫ive traps 

and semi‐quantitative acrn cunts t assess ccurrence f ⚫arge‐bdied mamma⚫ 

species, re⚫ative abundance f sma⚫⚫ rdent species and seed crp size respec-

tive⚫y. Seed dispersa⚫, pst‐dispersa⚫ seed surviva⚫, seed⚫ing emergence, and seed-

⚫ing surviva⚫ were estimated by tracking fates f tagged acrns and by p⚫anting 

acorns in exclosures.

3. Frested area had psitive indirect effects n seed dispersa⚫ effectiveness 

thrugh defaunatin and rdent cmpetitin fr acrns, whereas is⚫atin had 

negative direct and weaker psitive indirect effects n seed dispersa⚫ effective-

ness mediated by ⚫ss f ⚫arge‐bdied mamma⚫s and rdent cmpetitin fr 

acrns. Lss f ⚫arge‐bdied mamma⚫s negative⚫y affected seed dispersa⚫ effec-

tiveness indirect⚫y by virtue f its impact n rdent cmpetitin fr acrns. Seed 

dispersa⚫ effectiveness exhibited a unimda⚫ re⚫atinship with intensity f rdent 

cmpetitin fr acrns, peaking at intermediate ⚫eve⚫s.

4. Synthesis. Indirect effects f is⚫and attributes mediated by defaunatin f ⚫arge‐

bdied mamma⚫s n sma⚫⚫ r is⚫ated is⚫ands appear t drive a⚫tered cmpetitin 

fr fd amng rdents and decreased seed dispersa⚫ effectiveness. A⚫tered in-

teractins between acrns and their rdent cnsumers/dispersers can substan-

tia⚫⚫y affect ak ppu⚫atin demgraphy in the Thusand Is⚫and Lake system. 

Mre brad⚫y, ur findings high⚫ight the imprtance t the seed dispersa⚫ prcess 

f mu⚫tip⚫e interwven effects between habitat fragmentatin and defaunatin f 

large-bodied m am m als.
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2015年千岛湖生境片段化与生物多样性保护国际研讨会



Haddad et al. Sci. Adv. 2015

 全球正在实施的重要

片段化长期研究平台



 第8个片段化重要长期研究平台

⚫ 空间尺度最大的实验研究平台

其它7个平台中最大的为100ha



 全球唯一长期定位研究的人工陆桥岛屿研究的重要平台
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