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Ecology is the study of the relationships
among organisms and their environment.
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An ecosystem includes all of the
organisms as well as the other

nonliving things in a given area.
(such as climate, soil, water, rocks)
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A biome is a major regional or

global community of organisms
characterized by the climate conditions
and plant communities that thrive there. V15
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Tundra: Permafrost (Permanent frozen gr’buﬁﬁ), bitter cold,
high winds and thus no trees. Has 20% of land surface on
earth.
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Elements in an Ecosystem (Mangrove wetland)

1.Biotic factors are living things.

a. plants
b. animal
C. fungl

d. bacteria




2. Abiotic factors are nonliving things

a. sunlight
b. temperature
c. wind

d. Moisture

i Water, rain, clouds




3.Changing one factor in an ecosystem can
affect many other factors.

4. A keystone species is a species that has
an unusually large effect on its ecosystem.

1

Keystone =




5.Keystone species form and
maintain a complex web of life.

creation of
wetland

cosystem

"‘ﬁfrcreased waterfowl
Population,




EBRGN = EA TR

He =V
V) Jiti 18
= ,U.Féﬁ%

. _—



ESRGHR R
o REAEMRS

o RFAMHZEH
o E ﬁﬂﬂfﬂﬁﬂs
° zeﬂﬁﬂ%.ﬁ




EBRGHIRE

KBS RS
AR RS
S AR S R4S
RIUVAESRSG
WS RS




18 PP 358 14 It Xl 73

KR A B A S R AR

BEESRS | WKESRS iR
R ik 75
i s
o ke
T ik =5
T il




AR ES RGBT HEEE 7

o HRAERZRG: NERZ AL TIMNTF, &
—EF M REE N, KEEAYAS®REE 5
1 H BT 88 1 R EFFH MR E AR RS

o ANTARRS: HALHNTEXR, HAEK
I%EE VR, AR IRAES R

° FHRESRY: EHRESRINEAM L,
BN THAS KRG AR, HE

| it o N KRR S5 2RSS R G I




Outline

® Kcosystems: definition and classification

® Methodology in ecosystem research
® Observations

® Experimentations
® Modeling

® Stale isotope technique for ecosystem studies

® Conclusions




Three basic methods of
ecosystem research

Observation: often the first step in asking
ecological questions;

Experimentation: to test the hypothesis;
Modeling: to gain insight into complex

phenomena such as the effects of global
warming on ecosystems.



Observation is the act
of carefully watching
something over time.




Long term observation 1s a key!
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Remotely Sensed NPP change (1982-2009)

NPP anomaly {(Pg C/y)
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Global NPP decreased from 2000 to 2009, with NPP over North
Hemisphere continued increasing (winner) and over South

Hemisphere decreased; Recent drying trend caused the reduction in
NPP in SH.
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—=Terrestrial NPP Anomaly

-e-Global CO2 Anomaly (inverted)
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Carbon Sinks and Sources (Pg C yr?)
in the World’s Forests
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What I1s needed

® A systematic platform for global mapping and analysis (PGMA)
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Global land cover mapping with 30
m resolution — China’s case

Random
Forest
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Application examples

Llang et al., 2010, PLOS One
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Develop analysis technology =~ Combine with Form new understanding
based on spherical coord bioinformatics

Global Works on L and Cover Mapping
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Gaoqiao Site, Guangdong
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Yunxiao, China




Net Ecosystem Productivity (NEP)
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Annual C fluxes (g C m~2 yri)

China China
Yunxiao Gaoqgiao

2010 2010 2011

NEP 340 588 7356 738 617 926 796

R. 1238 1337 1297 1215 959 1176 1094
GEP 1763 1875 1928 1890 1557 2102 1890
R/GEP 0.70 071 0.67 064 062 056 058




Coastal Shanghai: Tidal effects on production in Spartina
wetlands. NEEc was more sensitive to tides at the low-elevation
than at the high elevation; The amplitudes of diurnal Fc during

tidal periods were larger than those reported for other wetland.

10); Yan et al. (2008; 2010)
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Ecosystem CO, Fluxes After Disturbance in Forests of N. America

B.D. Amiro, A.G. Barr, 1.G. Barr, T A. Black, R. Bracho, M. Brown, J. Chen, K.L. Clark, K.J. Davis, A.R. Desai, 5. Dore, V. Engel,
1.D. Fuentes, A H. Goldstein, M.L. Goulden, T.E. Kolb, M.B. Lavigne, B.E. Law, H.A. Margolis, T. Martin, 1.H. McCaughey, L.
Misson, M. Montes-Helu, A. Noormets, J.T. Randerson, G. Starr, and J. ¥iao

NEP vs Age

Microcosm succession

| | |
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A CORE ELEMENT OF THE LS. GLOBAL CHAMNGE RESEARCH PROGRAM

North American Carbon Program



NEE observed at eddy covariance sites is: (1) a strong function of
mean annual temperature at mid- and high-latitudes, (2) a strong
function of dryness at mid- and low-latitudes, and (3) a function of
both temperature and dryness around the mid-latitudinal belt (45°N).

3 3

(a) Temperature-li.mited group (b) Dryness-limited group
L

Forest sites, n=59
7 | MNon-forest sites, n=20
Cropland sites, n=6
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W Binned average
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Thermal Optimality of Net Ecosystem Exchange of Carbon Dioxide
The ecosystem-level thermal optimality is a new emergent property
with its mechanisms yet to be further understood but has
implications for modeling analysis of ecosystem-climate feedbacks.

BOREAS NSA, Canada (CA-Man -1 17°C)

Sask SS4 Old Aspen, Canada (CA-Obs 0.79°C)

Park Falls, USA(US-Pfa 4.33°C)

Metolius Ponderosa Pine, USA (USMed 6.28°C)

Loobos, Nethedand (NL-Loo 9.36°C)

Blodgett Forest, USA (US-Blo 12.5°C)

ARN Southern GreapP lains control, USA (US-Arc 14.76°C)
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Daily mean air temperature (°C)




Cross-Lab Syntheses:

t ;.:«»._; NErh Aerican Carbon Prorem
Combined MODIS and AmeriFlux data for representative U.S. ecosystems to
develop a predictive NEE model

a gross carbon uptake between 6.91 and 7.33 Pg C yr ! for the conterminous
U.S. Drought, fires, and hurricanes reduced annual GPP at regional scales and
could have a significant impact on the U.S. net ecosystem carbon exchange.

The sources of the interannual variability of U.S. GPP were dominated by

these extreme climate events and disturbances.

50°N+-

40N (B

30°N-

120I°W 110'“."# mﬂl'W Qﬂl’w Bﬂl'W
B Evergreen forests [ Savannas Legend
B D-eciduous forests [ 1] Grasslands [ Barren
| Mixed forests I Croplands B Water

[ Shrublands [ Urban and buit-up ¢ AmeriFhux sites



The LaHuile Synthesis: Almost three years ago the first global FLUXNET
standardized dataset has been created (aka LaThuile dataset) with about 250 sites
from all the networks and 1000 years with data, which have been shared among
contributors to the dataset for join scientific analysis {The Synthesis Committee).
The data available in this database have been provided by Pls and Regional
networks with the aim to build a global standardized database of eddy covariance
measurements to be used for global synthesis activities. www.fluxdata.org

The US-China Carbon Consortium (USCCC)

|
USCCC Study Sjltes inP.R. China |
| omtact: Jlabgn, Chen@utolido.odu ;*’5:;\1 USCCC Study Sites in the U.S.A.
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A General predictive model for estimating monthly ecosystem ET
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Frontier 4: Coupled biogeochemical cycles (see Front Ecol & Environ)

Other Trace Gases: NEE.,,, — LI7700
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=xperiments are performed In the lab or
In the field.

—Lab experiments give researchers
more control but are not reflective of

the complex interactions in nature.

= —

—Field experiments give a
more accurate picture of
natural interactions.



Yunxiao, Fujian

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

Yihui Zhang™, Guanmin Huang?®, Wenging Wang?, Luzhen Chen’, and Guanghui Lin®
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Alward et al. 1999, Science 283: 229-231.

Fig. 2. Vegetation corre-

Sphaeraicea coccinea lations with seasonal av-
. erage Ty, (A) Bouteloua

" gracilis' and spring Tou

. 4 . [ANPP = 288 — 33.1 (Tyyni)
o * P~ 0039 RZ — 048] {a]
. . Sphaeralcea coccinea and
0+ttt winter T,,,, [ANPP = 0.149

=
NPP (g/m’)
3

4 5 6 7T 8 A0 8 6 -4 -ﬂ??{r,.,,,] P = 0.038; R?

Spring Ty Winter Ty 0.48]. (C) Carex eleocharis

and fall Ty [ANPP = 136

D 344[ "\ P~ 0019; R2
Native Forbs i"

Temperature (°C)
re
=]

D) Mative forb
{herbacews dicots)  and
wmmer T, [ANPP
205 + 299 Tans: P
0:028; R? 052} (E) Exotic
{normtuw‘_l forb density and

Tmﬂ [density

rd 0014
R2 0.46). (F) S.tm.-hnh_ys-
trix density and winter Ty
[density — 6.40033(n). p
0002, 82 ~ 0.57]. Methods
for obtaining density and
ANPP data are described in
(11,12).

Precipitation {mm)

1964 1972 1980

Year

Fig. 1. Summary of climate data for the
Central Plains Experimental Range site. (A]
Average annual T... The heavy line is the
significant linear trend in T, iT —150
£ 0085 (year), £ - 0.001; 1R %36] (B]
Average annual T, The heavy line is the :
sigg if.li;aFt Iin]eapr tregdam Tm_ ,JTM‘{" O—ggi.:l 4 5 B 7 a 0 A B -4
" X year : b4 H N C]

(C) Total annual precipitation. The horizontal Spring Tum Winter Ty

dashed line identifies the average annual pre-
cipitation {323 mm) at this site since 1939, Average seasonal temperature (°C)
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Field photos of a 40-ft tall pilot chamber for simulating heat waves,
precipitation, and other drivers using large chambers.
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Cohtrolled experiments wifh éoastal wetlands (Shenzhen)
Funded by NSFC

Mangrove mono-culture



13 Coastal Wetland-Global Change
| Multi-factor Experiment
(Zhuhai, Guangdong)
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““Biosphere 2

(Tucson, Arizona, USA)
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NEE =F,+ Fou- Fou Fi- Fo

NEE: Net ecosystem exchange of COz by the rainforest
Fiu: COz flow into the rainforest from outside air

F...: COzflow out from the rainforest

F...: Net CO2leak across the partition curtain

Fum: CO2 added from the tank

F,um: Net COz accumulated in the inside atmosphere

GPP = NEE + Ry,

GPP: Gross photosynthetic productivity
Recot Ecosystem respiration rate

PPFD (prvol mi® 57)

Atmospheric [CO,_}{ppm)

MEE (ol m? 5°7)
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« Modeling allows scientists to learn about
organisms or ecosystems in ways that would
not be possible in a natural or lab setting.

Ecologists use data
transmitted by GPS
receivers worn by
elephants to develop
computer models of
the animal’s
movements.
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TRIPLEX, TRIPLEX-GHG 2%\
; b WAIE 11823, 26K

el
ELSEVIER Ecological Modelling 153 (2002) 109130

L

ECOLOGICAL
MODELLING

www.elsevier.com/ locate /'ecolmodel

TRIPLEX: a generic hybrid model for predicting forest
growth and carbon and nitrogen dynamics

' : oAbk Ji {15 Oinelai D:  Niidhasl T ghe,
Changhui Peng ***, Jinxun Liu ®, Qinglai Dang ®, Michael J. Apps ¢

Contents lists available at ScienceDirect

Global and Planetary Change

journal homepage: www.elsevier.com/locate/gloplacha

Quantifying the response of forest carbon balance to future climate change in
Northeastern China: Model validation and prediction

Changhui Peng *<*, Xiaolu Zhou ?, Shuging Zhao *?, Xiangping Wang ®, Biao Zhu P,
Shilong Piao ®, Jingyun Fang®
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Outline

® Kcosystems: definition and classification

® Methodology in ecosystem research
® Observations

® Experimentations
® Modeling

® Stale isotope technique for ecosystem studies

® Conclusions
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New types of mstruments

Tunable Diode Laser

SY & Bbell Scientific, Inc.
US$100,000-120,000

Fourier Transform Infrared
(FTIR) spectroscopy

Vertex
USs$75,000



Cavity Ring Down lasers (CRD) or
Integrated-Cavity Output Spectroscopy (ICOS)







Laser Isotope Analyzers

Analyzer can accept either liquid or vapor samples or altermnate between them

Ambient

Syringe Vapor Inlct

synnge Guide o Vacuum l

Injection Port
(Septum) Vacuum

Diy Carrier
(as
Diy Gas

Flash Evaporalon

Instrument foot print:
54 cm x 60 cm

Instrument weight: WS.CHDS GasA
~ 40 Kg ——

Power consumption:
300 watts @ 110V Whole assembly is maintained at a constant 140 °C




But

RAPID COMMUNICATIONS IN MASS SPECTROMETRY
Rapid Commun. Mass Spectrom. 2010; 24: 1948-1954 R CM
Published online in Wiley InterScience (www.interscience.wiley.com) DOI: 10.1002/rem.4597

Discrepancies between isotope ratio infrared
spectroscopy and isotope ratio mass spectrometry for the
stable isotope analysis of plant and soil waters

Adam G. West"?*, Gregory R. Goldsmith', Paul D. Brooks® and Todd E. Dawson™?

'Department of Integrative Biology, University of California, Berkeley, Berkeley, CA 94720, USA
“Botany Department, University of Cape Town, Rondebosch, 7701, South Africa
*Center for Stable Isotope Biogeochemistry, University of California, Berkeley, Berkeley, CA 94720, USA

Received 7 April 2010; Revised 24 April 2010; Accepted 24 April 2010

The use of isotope ratio infrared spectroscopy (IRIS) for the stable hydrogen and oxygen isotope
analysis of water is increasing. While IRIS has many advantages over traditional isotope ratio mass
spectrometry (IRMS), it may also be prone to errors that do not impact upon IRMS analyses. Of
particular concem is the potential for contaminants in the water sample to interfere with the
spectroscopy, thus leading to erroneous stable isotope data. Water extracted from plant and soil
samples may often contain organic contaminants. The extent to which contaminants may interfere
with IRIS and thus impact upon data quality is presently unknown. We tested the performance of
IRIS relative to IRMS for water extracted from 11 plant species and one organic soil horizon. IRIS
deviated considerably from IRMS for over half of the samples tested, with deviations as large as 46%
(6°H) and 15.4% (5'°0) being measured. This effect was reduced somewhat by using activated



Expanding research areas and

applications
Plant 1°C: C,/C,+WUE => Ecosystem & global C cycles

Water D & 180: Water source => Regional water cycles
Animal isotopes: Foodweb => Migration and movements

Food isotopes: Food quality => food sourcing +forensics

Isoscapes: Large scale movements, patterns and processes
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NEE comparison (Oct 05-Sept 06, Duolun)
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Ecosystem CO, Fluxes and their components

. Atmospheric CO:
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Below-ground Biomass




Partitioning of ecosystem carbon exchange

— Stable isotope (Keeling plot) method
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CO, Keeling Plots
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Partitioning of nighttime NEE (2006)
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ET comparison (2005)
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Soil layer deepth (om)

Soil I.ayer deepth {cm)

50

Plant water sources

5 D (%q)
=50 =4 =30

i** A. ordosica

=20}

40}

40|

80

=100 ¢

=120

A. erdosica

A ordosica shrubbeny

Poplar

B0

Populus

Stem #ater
Soil vﬁter

Poplar forest




&80 (2.

A8 0

0

-5
10
15

-20

-10
-15
=20

-25

-30

AM

Keeling plot

-

=

Evaporation \‘*‘\
=

¥ ohapuaiian 16th September Morning

Poplar planta

Evaporation

10N

Transpiration  qgth September Afternoon

e Transpiration

e Evaporation

17th September Morning

\

e

Transpiration

L Evaporation
nd

Artemisia shrubla

17th September Afternoon

=10 s .20 0.00

1/[H20]




gl

= — Research Article o ey
=y Foecw oo 14 Ociinber 20100 Fervimnd- 2% Do 20011 Acoopled: I3 fanyary 3912 Mublished ondine = vile v Ondine | ibrary
=
§ Rapid Commum. Mass Speotrom. 2002, 26, F97- 10404
e = i {wileyondinelibrary.cam) DO 10,1002 /nom 6172
e - Stable isotope switching (SIS): a new stable isotope probing (SIP)
" : approach to determine carbon flow in the soil food web and
2 Q ! ; dynamics in organic matter pools
RS -
_E. i _ P. J. Maxfield®, N. Dildar’, E. R. C. Hornibrook®, A. W. Stott® and R. P. Evershed'"
= £ i E =i ? I 'Oganic Geochemistry Uinit, Bristol Biogeochomisiny Research Centre, School of Chemistry, University of Bristol, Cantock's
- e Close, Bristol BSE 1TS, UK
= = _ T *genool of Eanh Sciences, Bristol Biogeochemistry Research Centre and The Cabot institule, University of Brgtol, Wilks

Mamodal Busding, Queen's Road, Brisiol B58 1RJ, UK

R E RO
o I = E Lé ;E g .“g ; ? "E '5:, *Canire for Ecology & Hydmiogy, CEH-Lancasier, Lancaster Emamnment Centre, Library Avenue Balligg, Lancasier LA1 4AP, UK
= E 24248 31°
£ E g5 < =< < §
= o E
5 & = The ISME Jooreal [2008) 2, £00-614
w € 2008 |seraoed Socety lor Mermbisl Eolgy AN righis nsened 1751-TH208 ha000

W A iee. GO R

100
I
I

ORIGINAL ARTICLE

Applying stable isotope probing of
phospholipid fatty acids and rRNA in a
Chinese rice field to study activity and
composition of the methanotrophic
bacterial communities in situ

Qiongfen Qiu"*, Matthias Noll*®, Wolf-Rainer Abraham®, Yahai Lu® and Ralf Conrad®
‘College of Resources and Environmental Sciences, Ching Agricultura! University, Beifing, Ching; *Max
Planck [nstitute for Terrestriol Microbiolagy. Marburg, Germany; *Federal Institute for Malerals Research
and Testing, FG IV, Berlin, Germany and *Helmbatz Center for Infection Research, Chemical Microbialogy,
Braunschweig, Germany
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