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Diversity of Life on Earth

• Animal kingdom ~ 1,100,000 species

• Plant kingdom ~    800,000 sp.

• Fungal kingdom ~    100,000 sp.

• Protist kingdom ~    100,000 sp.

• Prokaryotic domains ~ who knows ??

Total > 2,000,000 + 

estimates up to ~ 30,000,000 
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Aquatic and terrestrial biomes

（生物群系、大生态区）

(Biome = major ecosystem type)





Tropical Forest:  Vertical stratification with trees in 

canopy blocking light to bottom strata.  Many trees 

covered by epiphytes (plants that grow on other plants).

热带雨林



热带雨林的主要特征



云南西双版纳



Tropical Savanna

热带稀树干草原



非洲：津巴布韦



Desert: Sparse rainfall (< 30 cm per year), plants and 

animals adapted for water storage and conservation.  Can 

be either very, very hot, or very cold (e.g. Antarctica)

荒漠（沙漠）

美国Arizona



Chaparral:  Dense, spiny, evergreen shrubs, mild rainy 

winters; long, hot, dry summers. Periodic fires, some 

plants require fire for seeds to germinate.

地中海硬木林



Temperate Grassland:  Marked by seasonal drought and 

fires, and grazing by large animals. 

温带草原



Temperate Deciduous Forest:  Mid-latitudes with moderate 

amounts of moisture, distinct vertical strata: trees, 

understory shrubs, herbaceous sub-stratum.  Loss of 

leaves in cold, many animals hibernate or migrate then.  

Original forests lost from North America by logging and 

clearing.

温带落叶林



Coniferous forest: Largest terrestial biome on earth, old 

growth forests rapidly disappearing, usually receives lots 

of moisture as rain or snow.

针叶林



美国巨杉（>200 米高）



Tundra: Permafrost (Permanent frozen ground), bitter cold, 

high winds and thus no trees.  Has 20% of land surface on 

earth.



Oligotrophic Lake:  Nutrient poor, water is clear, 

oxygen rich; little productivity by algae, relatively 

deep with little surface area.

未被污染的湖泊



西藏那木错湖



津巴布韦



Rivers and Streams: Organisms need adaptations 

so that they are not swept away by moving water; 

heavily affected by man changing the course of 

flow (E.g. dams and channel-straightening) and by 

using rivers to dispose of waste.

河流与溪流



桂林风光甲天下



Estuary:  Place where freshwater stream or river merges 

with the ocean.  Highly productive biome; important for 

fisheries and feeding places for water fowl.  Often heavily 

polluted from river input so many fisheries are now lost.

河口湿地



Coastal wetlands: Mangroves

福建云霄漳江口

红树林



盐沼
Salt marshes



Coral Reefs: occur in neritic 

zones of warm, tropical 

water, dominated by 

cnidarians (corals); very 

productive, protect land 

from storms; most are now 

dying from rise in global 

temperatures
Coral reef

珊瑚礁



What do these ecosystems mean to us?



生态系统服务的定义

• 生态系统服务（ ecosystem services）由
Holdren和Ehrlich（1974）提出，指对人类
生存和生活质量有贡献的生态系统产品（
goods）和服务（services）;

• 产品指在市场上用货币表现的商品，服务指
不能在市场上买卖，但具有重要价值的生态
系统的性能，如净化环境、保持水土、减轻
灾害等。



生态系统服务项目内容



生态系统服务项目内容(续)



NATURE 1997



全球生态系统服务的价值（Costanza et al., 1997）
__________________________________________________________
生态系统 面积 价值 全球价值

（百万hm2） ($/hm2.a)       （$万亿/a)
—————————————————————————————

海洋 33,200 252 8.4 (2)
近海水域 3102 4052 12.6 (1)
热带森林 1900 2007 3.8
其它森林 2955 302 0.9
草地 3898 232 0.9
湿地 330 14,785 4.9 (3)
湖泊河流 200 8498 1.7
农田 1400 92 0.1
全球总价值 = 33.3万亿美圆

————————————————————————————
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Biosphere 2

(Tucson, Arizona, USA)



Construction phase



为了尽量贴近自然环境，该圈中的土壤、草皮、海水、淡水
均取自外界的不同地理区间，通过一定的人工处理再利用



Desert



The Ocean



The rainforest



Agricultural Biome

http://www.janepoynter.com/javascript;


The Marshes



The Savanna and Thurnscrub



The Habitat



人工“肺”



The crew

September 26th, 1993

September 26th, 1991



Biosphere 2 results

在1991至1993年的实验中，研究人员发现：

 生物圈2号的氧气与二氧化碳的大气组成比例，无法自行达到平衡；

 生物圈2号内的水泥建筑物影响到正常的碳循环；

 多数动植物无法正常生长或生殖，其灭绝的速度比预期的还要快。

生物圈2号计划实验目标并未达成，但是这也给人类上了很好的一课：

 大自然并非我们想象得那样简单，复杂巨大的系统关联中，可能每一缕
轻风都是于生命所不可或缺；

 人不是万能的，人类要依赖地球生态系统的服务功能存活；人类要懂得
顺应自然，要珍爱大自然的一切，才能与地球万物持续发展！



New mission (1994-2003)

1994年，巴斯将生物圈2号交由美国哥
伦比亚大学管理

哥伦比亚大学开始将生物圈2号既存的
生态系统仿真实验及新的研究计划整
合于一体并对外界开放，做为研究及
学习中心

做为全球生态学、环境变迁研究及教学
的基地,以探索我们人类生活与环境
生态的互动影响。

http://baike.baidu.com/pic/3/11970092808419112.jpg


Biosphere 2 现状

• 2007年开始，University of Arizona接管

Biosphere 2的教育和研究项目；

• 主要开展生态系统过程及功能对全球变化和

人为活动的响应以及生态系统模型研究；

• 已获得美国NSF、NASA、私人基金委的经

费支持。



Break for 5 minutes
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全球变化的主要表现

①二氧化碳浓度提高：280ppm（1850） 400ppm；

②全球变暖：已是不争的事实！

③生物地球化学循环的改变：人工固氮的总量已经超
过了天然固氮总量；人类利用的地表淡水，已经超过可用
总量的二分之一；

④土地覆盖与利用的改变：有三分之一到二分之一的
陆地面积已经被人类活动所改变

⑤生物入侵与物种丧失：近二千年来，地球上大概有
四分之一的鸟类物种已经灭绝；接近三分之二的海洋渔业
资源已经过捕或耗尽。



影响生态系统服务功能的驱动力

联合国，2005 《千年生态系统评估报告》

污染（N、P）

人口增长
经济发展

生态 系统服务功能
显著降低

过度利用

外来物 种引入

气候变化

生境破坏



我们已进入400 ppm时代！

(Richard 2013, Nature)

1988出国

1962出生

2007回国



人类活动对气候变化的影响
通过冰芯和观测数据分析得到的CO2浓度变化趋势

辐
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10000                5000                 0

时间 (2005以前) IPCC 2007



http://www.ncdc.noaa.gov/img/climate/research/2006/ann/glob_jan-dec-error-bar_pg.gif
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Griffin, K., O.R. Anderson, M.D. Gastrich, J.A. Lewis, G. Lin, W. Schuster, J. Seeman, 

D.T. Tissue, M.H. Turnbull, and D. Whitehead. 2001. Plant growth in elevated CO2

alters mitochondrial number and chloroplast fine structure. PNAS 98: 2473-2478.



NASA photographs indicate a 3% decrease 

per decade in arctic sea ice extent. 

1979 2003冰川融化



海平面上升

Robert J. Nicholls et al., Science 2010



More frequent extreme weather!
极端气候更加频繁！



Dryer in the North, wetter in the South
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School of Life Sciences, XMU

1、草原
（土地利用改变）

2003年回国后---



农垦、退耕还草



未来气候变化

Ni et al. 2002



科学问题

中国科学院”百人计划”资助课题

土地利用改变和气候变化如何影响到我国干旱、
半干旱地区生态系统的碳、水循环？

人为活动和气候变化因子之间对我国北方草原生
态系统结构与功能的影响是否具有协同作用？

干旱、半干旱地区生态系统哪些过程对人为活动
和气候变化最为敏感？



Duolun (agro-pasture transit area)

Cropland

Steppe Location: 1161701 E, 420248 N 

Vegetation height: 30-50 cm

Dominant species: Stipa krylovii,

Artemisia frigida

Land use type: fenced since 2001

Tower established in May 2005 (5m tall)

Location: 1161647 E, 420244 N 

Vegetation height: 80-100 cm

Dominant species: Triticum aestivum

Fagopyrum esculentum

Land use type: reclaimed about 35 years 

Tower established in May 2005 (5 m tall)



Cropland
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蒸发散(ET) 测定方法-

涡度协方差技术

三维超声风速仪

CO2/H2O红外气体分析仪



Duolun



蒸发散与土壤含水量的关系

NS

**

Duolun





中国科学院“百人计划”资助课题
中国科学院“知识创新工程重要方向”项目
国家自然科学基金面上项目



增温 施肥

增雨割草(模拟放牧)

多因子处理





School of Life Sciences, XMU

1、草原
（土地利用改变）

2、荒漠
（气候变化）

2003年回国后---



月牙泉

民勤

磴口
Study sites in Inner Mongolia and Gansu

Dunhuang

Dengkou

Mingqin
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Vegetation cover and rain timing co-regulate soil 
respiration in a desert ecosystem

Soil Biology & Biochemistry 2012





School of Life Sciences, XMU

1、草原
（土地利用改变）

2、荒漠
（气候变化）

3、滨海湿地
（极端气候、生物入侵）

2003年回国后---



海岸湿地具有丰富的生态服务功能

• 防风消浪

• 促淤保滩

• 维持生物多样性

• 生物量生产

•固碳释氧
• 净化水质

• 休闲娱乐

• …



Biodiversity Loss and Bio-invasion

http://news.bbc.co.uk/1/hi/sci/tech/3119434.stm
http://news.bbc.co.uk/1/hi/sci/tech/2000325.stm
http://www.cnn.com/2002/TECH/science/08/23/green.century.mass.extinction/index.html
http://www.cnn.com/2003/TECH/science/05/14/coolsc.disappearingfish/


尽管外来入侵种对乡土物种的效应已有很好的纪录，但他们

对生态系统服务功能的影响在许多方面至今还鲜有研究.



国家自然科学基金重点项目
(2009-2012)

外来植物影响下红树林生态系统
服务功能的维持机制

主持人：林光辉



Invasion of US Cordgrass to Chinese mangroves

Cordgrass

(Spartina 

alterniflora)

N

Guangxi Guangdong

Fujian

Zhejiang

Hainan

Taiwan



Mangroves

Cordgrasses

Biological invasion of US cordgrass in Yunxiao



Mangroves and cordgrass along a salinity gradient

N

1 km

低盐区

高盐区

出海口

半咸水区

多盐区

Oligohaline

Mesohaline

Polyhaline Euhaline



Human disturbances facilitate invasion of cordgrass!
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Top 19 journals in Meteorology

And Atmospheric Science

Top journals in our fields

Top 19 journals in Ecology



Other top journals

Agricultural and Forestry Meteorology: 

#1 in Agricultural and Forestry Scineces

Soil Biology & Biochemistry:

#1 in soil sciences

Plos One: 

Most popular in open access journals



Blue carbon sink potentials in global mangroves





Biomass (Mg DW ha-1) of mangrove forests
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Up to 120 Mg C/ha stored in biomass, but varied among species!

Lu et al., Plos One (in review)
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Spatial variation of mangrove carbon stocks

Most countries with significant mangrove C 

are developing countries! 

Lin et al., manuscript in preparation



Changes in Chinese mangroves during last 6 decades

Mangrove nature reserves

Fish ponds from mangrove forests

Pristine mangrove forest in Hainan

Great leap

?

Economic 

reform

protection



Mangrove plantation with fast-growing exotic species can increase 

blue carbon sink in mangrove wetlands!

Lin et al., manuscript in preparation

Almost 10% of total mangrove area in China
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（云霄站）

（高桥站）

高桥红树林（广东湛江）
云霄红树林（福建漳州）

研究地点

109o45′ E 109o46′ E 109o47′ E

21o34′N

21o33′N 

117o24′ 117o28′ E117o26′ 

23o57′ N

23o56′ N

23o55′ N

23o54′ N



Gaoqiao Site, Guangdong



Typhoons in SE China during 2009-2011  

Yunxiao

Gaoqiao

Total of 39 typhoons landed!

Chen et al. submitted to Biogeoscience
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Chen et al. submitted to Biogeoscience

In most cases, typhoons reduce C sequestration!



More frequent insect 

outbreaks!

Shenzhen, 2012

Zhanjiang, 2010

Yunxiao, 2011

Lu, et al. Manuscript in prep
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Lu, et al. Manuscript in prep



Model Earth for Experimental and Simulation Research

Disturbances

Future climate

Model predictions

Response mechanisms

Impact assessments

Model verification and 

improvement

Model Earth?



Take home messages

Ecosystems of our earth provide vital services to us, 

which cannot be easily reproduced if  loss;

We face great challenges from global change, which

alter significantly ecosystem services we need every day;

More research are needed to understand the mechanisms

underlying the ecosystem services, which will be critical 

to predict the future state of our earth under climate change.


