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Diversity of Life on Earth

Animal kingdom
Plant kingdom

—~ungal kingdom
Protist kingdom
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Aquatic and terrestrial biomes

(EYBRR. KESRX)

(Biome = major ecosystem type)




Tropic of
Cancer

———Equator

Tropic of

] Tropical forest || Polar and high-mountain ice [[1]] Temperate deciduous forest
[ ] savanna [ Chaparral [ ] Coniferous forest
[ | Desert [ ] Temperate grassland [ ] Tundra (arctic and alpine)
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Tropical Forest: Vertical stratification with trees In
canopy blocking light to bottom strata.via
covered by epiphytes (plants that grow ;'
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Tropical Savanna
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Desert Sparse rainfall (< 30 cm per yeer) plants and
animals adapted for water storage and conservation. Can
be either very, very hot, or very cold (e.g. Antarctica)
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Temperate Grassland: Marked by seasonal drought and
fires, and grazing by large animals.
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Coniferous forest: Largest terrestial biome on earth, old
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usually receives lots

growth forests rapidly disappearing,

of moisture as rain or snow.
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Estuary.. Plg here f wéfe‘#!'stream or rlver merg“B&
with the ocehn ng v*a’ oductive biome; important for
fisheries and feeding places for water fowl. Often heavily
polluted from river input so many fisheries are now lost.



Coastal wetlands: Mangroves
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Salt marshes
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What do these ecosystems mean to us?
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The value of the world’s ecosystem
services and natural capital

Robert Costanza®!, Ralph d"Arge’, Rudolf de Groots, Stephen Farber , Monica Grasso’, Bruce Hannon,
Karin Limburg:", Shahid Nasem™ ", Robert V. O"Neilli {, Jose Parueloi!, Robert G. Raskinss, Paul Sutton/|
& Marjan van den Bealtty
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Muardand 2062g, LS4
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| Craduare Sohonl of Pubiic and feernaecemal Affairs, Universing of Pinsburgk, Firesburgh, Pennsydvania 15260, US4

Y Gengrapky Deparrment amd M54, Dmbversdny of [Wimols, Lirbang, [Wimods Sraor, R4
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19 Eroipgion Fronomics Ressarck amd Applicavions fac, PO Bex 1589, Solomons, Marydamd 20628, [F54

The services of ecolegical systems and the natural capital stocks that produce them are critical to the functoning of the
Earth's life-support system. They contribute to human welfare, both directhy and indirectly, and therefore represent
part of the total ecoenomic value of the planet. We have estimated the current econoemic value of 17 ecosystem services
for 16 bilomes, based on published studies and a few original calculations. For the entire biosphere, the value (most of
which is outside the market) is estimated to be in the range of US$16-54 trillion (10™°) per year, with an average of
U553 3 trillion per year. Because of the nature of the uncertainties, this must be considered a minimum estimate. Global
gross national preduct total is arcund W55 18 trillion per year.




éﬂ%ﬁﬁ%é}ﬁﬂ&%%mﬁ (Costanza et al., 1997)

ERRG [ A YrE PERYME
(H fFhm?)  ($/hm?. a) ($ 731,/ a)
N ERED 33, 200 252 8.4 (2)
Tk IR, 3102 4052 12.6 (1)
P x4 1900 2007 3. 8
H'E b 2955 302 0.9
Bl 3898 232 0.9
rsaih 330 14, 785 4.9 (3)
YA 200 8498 1.7
RH 1400 92 0.1
EFREM = 33. 3/71C.E R
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The view of Biosphere 2 from the abandoned living quarters.
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The Ocean




The rainforest




Agricultural Biome



http://www.janepoynter.com/javascript;
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The Savanna and Thurnscrub




The Habitat

Space-age structures in the de







The crew

B ptember 26th, 1991
e

Y




Biosphere 2 results
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NEE = Fm"' thk - Fout- Fleak- Fatm

INEE: Net ecosystem exchange of CO:z by the rainforest
ins CO2 flow into the rainforest from outside air

F,..: CO2flow out from the rainforest
ek Net CO2leak across the partition curtain

Feu: CO2 added from the tank

F.m: Net CO2 accumulated in the inside atmosphere

GPP =NEE + R,

GPP: Gross photosynthetic productivity
-cot ECOSystem respiration rate

PPFD (umol m?s™)

Atmospheric [CO,](ppm)

NEE (umol m2s?)

300 -

20

10

0F

-10 +

20 +

-30 +

)

Phase | /]\ Phase Il

121 125 129 133 137 141 145 149 153 157

Julian day in 2000

T

isotope sampling dates

Lin et al. 1998, AJPP; Lin et al. 1999, Oecologia; Griffin, Lin et al. 2001 PNAS; Osmond, Lin et al. 2004, Global Change Biology






Oecologa (1999) 119:97-108 © Springer-Verlag 1999

Guanghui Lin - John Adams - Blake Farnsworth
Yongdan Wei - Bruno D.V. Marino - Joseph A. Berry

Ecosystem carbon exchange in two terrestrial ecosystem mesocosms
under changing atmospheric CO, concentrations

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

= Mew

= Thyrologist

Rapid report

Leaf respiratory CO, is 12C-enriched
relative to leaf organic components in
five species of C; plants

Author for comespondence: Cheng-yuan Xu'-2, Guang-hui Lin™**, Kevin L. Gnffin! and

Chamg-yuan X Raymond M. Sambrotio?
TE)- 4585 SO .
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NASA photographs indicate a 3% decrease
per decade 1n arctic sea 1ce extent.
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More frequent extreme weather!
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Dryer in the North, wetter in the South
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Rascher, Lin et al. 2004, Plant, Cell and Environment
Pegoraro, Lin et al. 2005, 2006, Global Change Biology




Hlare, Call and Ervironment (2004) 27, 12391255

Functional diversity of photosynthesis during drought in a
model tropical rainforest — the contributions of leaf area,
photosynthetic electron transport and stomatal
conductance to reduction in net ecosystem

carbon exchange

L. RASCHER™_E.G. BOBICH™' G. H. LIN"*! A WALTER"* T. MORRIS' M. NAUMANN®, C. I NICHOL,
D. PIERCE" K. BIL", V. KUDEYAROV' & 1 A. BERRY?

Available online at wweesclencedirect.oom
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Partitionming overstory and understory evapotranspiration
mm a semmand savanna woodland from the 1sotopic
composition of water vapor

Enrico A. Yepez®* David G. Williams®!_ Russell I Scott”, Guanghui Lin©

Global Change Biokgy (2A002) 8, 479445

Leaf respiration is differentially affected by leaf vs.
stand-level night-time warming
KEVIN L. GRIFFIN* MATTHEW TUENBULLY, RAMESH MURTHY{, GUANGHUI LINY{,

JOHN ADAMS?, BLAEE FARNSWORTH], TILAE MAHATO] . GUERRIC BAZING, MAREK
POTASMNAE and|OFE A. BEER YY"



Global Change Biokogy (2005) 11, 12341246, dai: 10,1111 /1. 1365-2486. 205 (0986, x

The effect of elevated atmospheric CO; and drought on
sources and sinks of isoprene in a temperate and tropical
rainforest mesocosm

EMILIANO PEGORARO*, LEIF ABRELL*, JOOST VAN HAREN*,
GREG BARRON-GAFFORD*, KATHERINE ANN GRIEVE#, YADVINDER MALHIT,
RAMESH MURTHY ™ and GUANGHUI LIN%

Clobal Change Bdology (006} 12, 4564459, doi 100011 /515652486 W0 01112«

Drought effect on isoprene produchion and consumption
in Biosphere 2 tropical rainforest

EMILIANO PEGORARO™, ANA REY', LEIF ABRELL, [OOST VANHAREN~ and
GUANGHUTI LIN®*

Global Change Biology (2004) 10, 393407, doi: 10.1111/}.1529-8817.2003.00747 .x

OPINION

Changing the way we think about global change research:
scaling up in experimental ecosystem science

BARRY OSMOND* GENNADY ANANYEV+{', JOSEPH BERRY*}, CHRIS LANGDON¥,
ZBIGNIEW KOLBER 7§, GUNGHUI LIN*;, RUSSELL MONSON®*, CAROLINE NICHOL™*|,
UWE RASCHER®*;, ULI SCHURR™, STAN SMITH{t and DAN YAKIR*{i
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Mean annual temperature and anomaly (HADCM2-2100) of China Mean annual precipitation and anomaly (HADCM2-2100) of China
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Duolun (agro-pasture transit area)

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)
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Biophysical regulations of carbon fluxes of a steppe and
a cultivated cropland in semiarid Inner Mongolia
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Agricultural and Forest Meteorology 149 (2009) 1810-1819
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Cultivation and grazing altered evapotranspiration and dynamics in Inner
Mongolia steppes
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:_Global Change Biology

Global Change Biology (2009) 15, 2450-2461, doi: 10.1111/}.1365-2486.2009.01879.x

Dependence of carbon sequestration on the differential

responses of ecosystem photosynthesis and respiration to
rain pulses in a semiarid steppe

SHIPING CHEN*, GUANGHUI LIN*, JTANHUI HUANG*and G. DARREL JENERETTEY

*State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Beijing 100093,
China, tDepartment of Botany and Plant Sciences, University of California, Riverside, CA 92521-0124, USA

§Iobal Change Biology

Global Change Biology (2010) 16, 2345-2357, doi: 10.1111/}.1365-2486.2009.02091 .x

Differential responses of auto- and heterotrophic soil
respiration to water and nitrogen addition in a semiarid
temperate steppe

LIMING YAN®*, SHIPING CHEN®, JTANHUI HUANG*and GUANGHUI LIN*

*State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Beifing 100093,
China, TGraduate University of Chinese Academy of Sciences, Beifing 100049, China
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Vegetation cover and rain timing co-regulate the responses of soil CO, efflux
to rain increase in an arid desert ecosystem

eimin Song ", Shiping Chen?, Bo Wu, Yajuan Zhu, Yadan Zhou™", Yonghua Li€, Yanli Cao*,
Qi Lu, Guanghui Lin %
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Biodiversity Loss and Bio-Invasion
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Invasive species, ecosystem services
and human well-being

Liba Pejchar' and(Harold A. Mooney? >

1Department of Fish, Wildlife and Conservation Biology, Colorado State University, Fort Collins, CO 80523, USA
2 Department of Biology, Stanford University, Stanford, CA 94305, USA

Although the effects of invasive alien species (IAS) on
native species are well documented, the many ways in
which such species impact ecosystem services are still

In these cases, their impacts are staggering (e.g.
US$14.45 billion in China) [12] but largely anecdotal

and wide ranging. For L“cdmpls, fif_,uth for the total cost

emerging. Horosesenassas s mmmds s s s SE LA G ATAL S L TR A fomme L1EEI2I LA e eymulative to
for provisi > aystematic
illus!:ra‘te 1 &l\ﬂ%)\/flﬁqjx—jg :I:q:%ﬁtlj EI/J Q&}_‘_‘ aﬁ1§ﬁ% E’Jéﬂi“ /fEI /ﬁij/ﬂ] rm-'r; consider
these imp IAS on eco-
”Tﬁ* ﬁi@%%wﬂw SIIBGIRTE V2 J7 T S5 AR B AC. o monetary
dand interal ure £ 11

pose a research and policy framework for filling the
remaining knowledge gaps. Drawing on ecology and

impact of IAS on human well-being, dimensions that go
bevond monetary costs and benefits must be considered,

economics to incorporate the impacts of IAS on ecosys-
tem services into decision making is key torestoring and
sustaining those life-support services that nature pro-
vides and all organisms depend upon.

such as the number of people affected positively or nega-
tively by IAS and the magnitude of this impact on their
lives. Policy responses to date have been based on rough
estimates of ecological, social and economic damages [15].
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Invasion of US Cordgrass to Chinese mangroves

C'o‘rdg rass

(Spartina

alterniflora)
Guangxi Guangdong







Mangroves and cordgrass along a salinity gradient
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Human disturbances facilitate invasion of cordgrass!

® Neighbors

Biomass (g)

Oligohaline Mesohaline Polyhaline

; tsa
y .?'.‘-,‘ 'L‘-m : y ¥
- 5 SN Y
' '5,‘5‘ i"}*“, - P
) > N ¥ F
W - % ]
4> 2 L >
LB
14
- -
, 6"
& ? 3
- “" \ Bsiol "5
i ey 1P
4 h" P
v vy : R [t
s ) 4 M ¥ w
T ~ ' 4

Ecology 2012

ONo neighbors

Euhaline
a




[ | ESh Online Journals - Interactions betwee. .. Eﬁ v f:J (] -~ NEE ~ @~ 1RO -~ @'*

My ESA: Signin | Register |

&

~ ECOLOGICAL SOCIETY OF AMERICA

Ecosphere  Ecology  Ecological Monographs  Ecological Applications  Frontiers  Bulletin Ecological Archives

ESA Publicaticns Home Cnline Journals Home EcoTradk Subscriptions

o o Sub (luick Search

Al Publications = Ecology = Preprints = Interactions between mangroves and exofic Spartina in an anthropagenic...

Advanced Ses

Preprints ] '
< Previous Article Mext Article =
E;m ECOLOGY i Add to Favarites » Email # Download to Citation Manager | J) Track Citations [ Permissions
PDE

Zhang, Yihui, Guanmin Huang, Wenging YWang, Luzhen Chen, and Guanghui Lin. /n press. Interactions between mangroves and exotic
Jpartina in an anthropogenically-disturbed estuary in southern China. Ecology. [doi10.189011-1302 1]

LY

Interactions between mangroves and exotic Spartina in an anthropogenically-disturbed estuary in
southern China

Yihui Zhang™, Guanmin Huang?, Wenaging Wang?, Luzhen Chen?, and Guanghui Lin®
Current Issue

Available 1ssues

W ras | mharatnm wf thn Minictn of Cdinatinn far Caantal and iatland Cencuctame Yiaman |niuareibe @ohanl of | ifn Qrinnene

(_',:I ESA Orline J. .. E Microsoft Po. .. b Ttﬂﬁiﬁ [E:]

[




Top journals in our fields

Top 19 journals in Meteorology

And Atmospheric Science Top 19 journals in Ecology

al infi

- Total Cites

Abbreviated Journal Title Abbreviated Journal Title
( [ infa Impact (linked to jo 0

Factor

Impact

Total Cites Factor

0003-0007 10674 ECOL LETT

18402 TRENDS ECOL EVOL 0169-5347
ANNU REV 1543-592X
1540-9295
0012-9615

TELLUS B

1751-7362

] CLIMATE

E BIOL
0962-8452
0065-2504
0168-1923 WILDLIFE MO , 0084-0173
0165-0009

EVOLUTION 0014-3820

1466-822X 4418
1051-0761 14988
1757-7780 2041-210% 278
0035-9009 0021-8901 11471

12765
J ANIM ECO 0021-8790 11942

0278-6826 0012-9658 4754




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
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Mangroves among the most carbon-rich forests in
the tropics

Daniel C. Donato'*, J. Boone Kauffman?, Daniel Murdiyarso®, Sofyan Kurnianto®, Melanie Stidham?
and Markku Kanninen® 1,400

1 Above-ground live + dead
| EzZEA Soils 0-30 cm depth + roots
| Soils below 30 cm depth
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Ecosystem C storage (Mgha™)

Boreal Temperate Tropical Mangrove
upland Indo-Pacific

Figure 2 | Comparison of mangrove C storage (mean £95% confidence
interval) with that of major global forest domains. Mean C storage by




Biomass (Mg DW ha1) of mangrove forests

Yunxiao Zhanjiang
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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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Most countries with significant mangrove C
are developing countries!
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Changes in Chinese mangroves during last 6 decades

Mangrove nature reserves
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. ______________________________________________________
Mangrove plantation with fast-growing exotic species can increase
blue carbon sink in mangrove wetlands!
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Gaogiao Site, Guangdong
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Typhoons in SE China during 2009-2011

Total of 39 typhoons landed!
| |

110° 120°

Chen et al. submitted to Biogeoscience



In most cases, typhoons reduce C sequestration!
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More frequent insect

outbreaks!




. ___________________________________________
Fast recovery in NEE following insect outbreak!
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Model Earth for Experimental and Simulation Research

Model Earth?

Disturbances Response mechanisms

St @l Impact assessments

Model verification and

Model predictions

Improvement




Take home messages

v'Ecosystems of our earth provide vital services to us,
which cannot be easily reproduced if loss;

v"We face great challenges from global change, which
alter significantly ecosystem services we need every day;,

v'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.



