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Analysis on Food Web Structure in Alpine Meadow
Ecosystem Evidence from Stable Carbon
Isotope Signatures

Y| Xian-feng ZHANG Xiao-ai LI Lai-xing LI Ming-cai ZHAO Liang

Northwest Institute of Plateau Biology the Chinese Academy of Sciences  Xining 810001  China

Abstract The stable isotope approach is based on the fact that naturally occurring stable isotope ratios in consumer
tissues can be related to those in consumers’ diets. Changes in or fractionation of ~stable carbon isotope ratios '3C/!?
C occur with trophic level and are of the order of 1%0 — 2%c. Thus isotope measurement of consumers’ tissues can re-
veal information about their ingested foods in ecosystems that are relatively simple. Determination of stable carbon isotope
signatures in the alpine meadow ecosystem demonstrated that the ecosystem was composed of five main food chains one
was three-noded food chain characterized by’ plants — small mammals — raptors or carnivorous mammals " two each
were two-noded characterized by’ plants —> vegetarian passerine birds or livestock” and two each were four-noded and
composed of plants = insects —> passerine birds — raptors or carnivorous mammals " o' plants = insects = amphib-
ians — raptors or carnivorous mammals " respectively. The maximum length of food chain in the alpine meadow e-
cosystem was 3.53  which was grossly equal to maximum node number i.e. 4. In summary stable carbon isotope ra-

tios can be used as a proxy to analyze food chains and food webs in the alpine meadow ecosystems .
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Table 1 Stable carbon isotope patterns in the alpine meadow ecosystem X+ SD
Species Sampling time No. of samples d3C %o
Bos grunniens 2002. 06 2 -25.50+0.03
Ovis ammon hodgsoni 2002. 06 2 -24.92+0.10
Mustela eversmanni 2002. 07 2 -23.90+0.18
Lepus olostolus 2002. 08 2 -24.67+0.11
Ochotona curzoniae 2002. 05 4 -25.07+0.55
2002. 07 3 -24.77+0.04
Myospalax fontanierii 2002. 04 4 -25.78+0.36
Microtus oeconomus 2002. 05 4 -25.48+0.01
2002. 07 3 -25.92+0.44
2002. 07 3" -25.99+0.14
%% Buteo hemilasius 2002. 04 2 -22.80+0.69
Eremophila alpestris 2002. 04 3 -24.18+0.28
2002. 07 3 -24.48+0.08
2002. 07 2% -26.08+0.32
Melanocorypha maxima 2002. 04 4 -24.54+0.32
Acanthis flavirostri 2002. 07 2 -26.25+0.13
2002. 07 2" -26.69+0.10
Alauda gulgula 2002. 05 2 -23.76+0.32
2002. 07 2 -26.52+0.07
B Anthus roseatus 2002. 07 1 -24.35
2002. 07 2" -25.04+0.15
Phoenicurus ochruros 2002. 07 2 -23.83+0.04
2002. 07 3" -26.83+0.14
Anthus roseatus 2002. 08 1 -24.16
Pseudopodoces humilis 2002. 07 5 -24.25+0.28
2002. 06 2% -24.60+0.21
129 Motacilla citreola 2002. 07 3 -23.46+0.08
2002. 07 2" -26.62+0.21
Prunellidae rubeculoides 2002. 04 2 -24.90+0.07
2002. 07 2" -25.47+0.13
Passer montanus 2002. 07 3 -24.16+0.07
Rana temporaria 2002. 07 4 -24.11+0.02
Bufo bufo 2002. 07 1 -24.22
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Table 2 Stable carbon isotope enrichments in the alpine meadow ecosystem X=+SD
BC %o
Species
Muscle or Leaf Stomach contents
Microtus oeconomus -25.48 +0.01 -26.45+0.19
Lepus otostolus -24.67+0.11 -26.14+0.12
Ochotona curzoniae -24.77+0.04 -26.77+0.14
Myospalax fontanierii -25.78+0.36 -26.02+0.22
Salix oritrepha -25.82
Lepidoptera larva parasite on Salix oritrepha -25.23+0.05
Average ~25.19+0.37 -26.24+0.30
Enrichment 1.05+£0.45
alpestris Alauda  gulgula
Prunellidae rubeculoides B Anthus roseatus
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— Acanthis flavirostris Sicollis Hirundo
griseopyga Phoenicurus ochruros
#5429  Motacilla citreola Pseu-
Mustela altaica Mustela eversmanni dopodoces humilis
ZE
li\‘%
Ochotona cur-
zoniae Ochotona cansus 4, - - - /
Myospalax fontanierii
2. — — /
Rana temporaria
Bufo bufo
Microtus oeconomus
Lepus oiostolus
2 3
4
IE
L%
¥ Buteo hemi-
lastus Falco cherrug Falco tin- 3
nunculus
3. - - 2.2
- /
3.53 4
proxy

Eremophila



.

.

.

@ 8" C=-22.80%

® 8" C=-24.08%,

® 8" C=-24.26%,

?

@ 8" C=-24.11%,~~-24.22%o

® 6" C=-23.46%~-24.25%s

® 6" C=-24.54%,~-24.16%»

+

@ 8" C=-24.76%.~-25.13%o

@ 6" C=25.50%0~-24.92%o

1
Fig. 1

=
h=2

O] ® @

@

Q) @)

(@D Buteo hemilasius @ Mustela eversmanni

Pseudopodoces humilis ~ Motacilla citreola
Phoenicurus ochruros ~ Melanocorypha maxima

mammals  Ochotona curzoniae — Microtus oeconomus

ammon hodgsoni

lines mean no or weak trophic relationship

DeNiro & Epstein 1978 1981
13 C/IZC 813(:
1%0 ~ 2%o Hobson
1992 Hilderbrand et al 1996
13 C/12C
Schoeninger & DeNiro
1.05%o
Epstein 1978 1981

® Mustela altaica

© Omnivorous birds

DPasserine birds Acanthis Slavirostri

® 6" C=-25.41%

T

© §" €=-25.04%0~ -26.08%o

/

® 8" C=-26.51%

®
)

@ Amphibians

Rana temporaria

@ 8 " C=-26.25%o

Alauda gulgula

Eremophila alpestris

Simple food chain trophic relationships among the alpine meadow ecosystem

meE ©
®
®
Bufo bufo  © Insect-eating birds

Prunellidae rubeculoides

(D Grass-eating insects Orthoptera Hemiptera Lepidoptera Hymenoptera @ Small
Lepus oiostolus ~ Myospalax fontanierii (@ Young birds (0 Bos grunniens — Ovis
(2Plants. The solid lines mean trophic relationship between two species  broken
values in boxes represent 8'*C values of the species.
0.60%0 1.50%o
1
& Clark
1
Zhang et al 1999
5
=3
1984
7=
15,
DeNiro &  2.60%0
1.05%0 3
- 24.36%0
zE

=2



25

- 23.96%0

5 Yi et al 2003

1%o

1%0 ~ 2%o0

Journal of Oceanolography in Taiwan Strait

I

Nansha Islands
21 94-101.

2002.
21 94-101.

Cai DL Meng F Han YB Gao SL. 1999. Studies on '*C/"2C ratios
Hilderbrand GV Farley SD  Robbins CT. 1996. Use of stable isotope
J . Can. J. Zo-

as a tracer for food web in a marine ecosystem The trophic relations

in pelagic food webs in Laoshan Bay J . Oceanologia et Limnolo-
to determine diets of living and extinct bears

gia Sinica 30 671 -678.
. 1999 .13¢/"2C
30 671 -
678. ol. 74 2082 -2088.

Mao XH Zhang S Han YB Gao SL. 200la. Hobson KA Clark RW. 1992. Assessing avian diets using stable iso-

topes 1 . Turnover of 3C in tissues J . Condor. 94 181 -

188.
Hobson KA Welch HE. 1992. Determination of trophic relationships

Cai DL Hong XG
Preliminary studies on trophic structure of tidal zone in the Laoshan
J . Acta Oceanologica Sinica
within a high arctic marine food web using *C and " N analysis

Bay by using carbon stable isotopes
23 41-47.
. 2001a.
23 41-47. J . Mar. Ecol. Prog. Ser. 84 9-18.
Peterson B] Howarth RW  Garritt RH. 1985. Multiple stable isotopes
used to trace the flow of organic matters in estuarine food webs J .

Science 227 1361 — 1363.
Schoeninger MJ  DeNiro MJ. 1984. Nitrogen and carbon isotopic com-
J.

position of bone collagen from marine and terrestrial animals

Geochim. Cosmochim. Acta 48 625 -639.
Yi XF  Li LX Zhang XA Li MC Zhao L. 2003. Food habit shift of

Cai DL Wang R Bi HS. 2001b. Trophic relationships in the Bohai
ecosystem  Preliminary investigation from '3C analysis J . Acta E-

cologica Sinica 21 1354 — 1359.

2001b.
21 1534 -1359.
Cerling TE  Harris JM. 1999. Carbon isotope fractionation between di-
et and bioapatite in ungulate mammals and implications for ecological
J . Oecologia 120 347 -363. upland buzzards Buteo hemilasius ~ Evidence from stable carbon
isotope ratios J . Acta Zool. Sin. 49 52 -56.
. 2003,
49 52-56.

and paleoecological studies
DeNiro M] Epstein S. 1978. Influence of diet on the distribution of
Acta

] . Geochim. Cosmochim.
Zhang XA Zhao L. Liu ZH. 1999. A preliminary analysis on struc-

Acta Biologica Plateau Sini-
. 1999.

carbon isotopes in animals
14 150 -

42 495 -506.
DeNiro MJ  Epstein S. 1981. Influence of diet on the distribution of
J . Geochim. Cosmochim. Acta 45 341

isotopes in animals

-351.
Guo WD Yang YP Wu LX Wan HK Hu MH. 2002. Stable car-
156.

bon isotopes study on trophic relationships of Zhubi reef ecosystem in

ture in alpine meadow ecosystem ]

ca 14 150-156.



