s | EBHE 75
=i B

]

Ecological Networks

EEJLJ\ [—J é%

Guy Woodward

%4

=0 M 4 2 BB



A SR T

Ecological Networks

Sl

L

Edited by
Guy Woodward
School of Biological and Chemical Sciences,
Queen Mary University of London,
London E1 4NS, UK

H4 % &8 KR &
it



EF: 01-2011-4493

This is an annotated version of
Ecological Networks.
Edited by Guy Woodward.

Copyright © 2010 Elsevier Ltd.
ISBN: 978-0-12-381363-3.

All rights reserved.
No part of this publication may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopy,.recording, or any information

storage and retrieval system, without permission in writing from the publisher.

AUTHORIZED EDITION FORSALE IN P. R. CHINA ONLY
AIEERRFEPEARKNERZAHE

EHZENKB (CIP) ¥

4 2 M %% = Ecological Networks: ¥E3C / (38) {H{EKH (Woodward,
G.) ¥4 . —dta. B BR, 2012

CEBRAEZRID

ISBN 978-7-03-034143-3

.04 0.0/ 0 O&EF%E-—HFiE-—%EX N.0OQu
FERAEFE CIP HEHKF (2012) % 080765 5 -

FiEmit, Bak / FaEeH. REF
%ﬁ&ﬁ:ﬁ%ﬁﬁiﬁ%

# 4 % BB UK
RFEHRERRILE 165
R BRES . 100717

http:// www. sciencep. com

n A %4 ARl
HEHEtEERT SHEFEREELSY
20124F 5 A% — ML JFA. BS (720X 1000
201248 5 A —KEDR EpFk: 29

FH#. 585000
EHr: 135.00

(A ERERFE, RiRFTAEL



g &

H:75% (Ecology) — i B Hi Bl F 8 3t Okologie, 2 1865 4F i ¥ ##
(Reiter) ## M7 Oikos (JEPT) M Logs (BF5T) A HMM (Frodin 2001), &
Ea X MEFF B - /R (Ernst Haeckel) F 1866 FH RN T4

BENES, RERRN. £R%ERREY SHARZ HMMHEXE L HEM
mfﬁﬂmﬂ% BT REEYMESHRBR M KR, ERATERREHITES
MRTEA MBI BEKYE LA, BT 888, AIE-THEAEMN
YRS bR FEEELRBAH EHANXR, WAYE DS Mg
BN BERBHMEEHXER, HANESFMENIEXR, BERRD
HNEHs, XEBEASHFNERFARAST, FESRBIANATEE, R
i, ERATHFEUSMERZA TR, 92 H 20 42 50 F£RLE, &
FH¥., P, AERTEBEARGEHNHRBEHRBRGESETZRM,
HHEEERF ST ENEAREETEZPOMNA, 545805 NEBGE R
W, NEREREE, FHEMEHNESHET UHETERNWER I TH
W, FEESETRETUNBEERE R, S ESHH S RIGERELSE
REFEHEGLEG, M EymE. BENRRENRSEYE, AERMTER
WEERFE —LBME,

Hsz, ARASMENBESHREA, BRERAE THE, RASH TRAHN
P& BAEIBIFHPFSEMEMN, BIE 1859 £, X/KX (Charles Darwin) #E
B (REERY —BhRER T -4 “QEMWE”. BILAARE. REHRY,
WS, XEMELHKFENERRR M5, BHEREEEK Forbes
(1887) i . SIHMYHEKESILE T - MEIELREFR D, MAEINTKWHEEL
ERXEMEXNERERRMRE, XRFRESHERENHET, AW, W©F
FREEE A, FEESNEENEREH—FRE, KREBHERE, T
LIREBRKH—NHERETHLAE - MESEEMEE#EREGE, RZRAEN
ERSHR. BIRIL, ESMENTR THEABHBXE, FIRERY
B, FF:-F49MN. EAXERE=THFEZB T ZEW, FEELBREB TH
ERMBEMETIEBRER (e g Woodward et al., 2005a, Pascual and Dunne,
2006; Bascompte and Jordano, 2007; Ingsetal., 2009; Olesen etal., 2010),
m, BEMwRINASITRE, BRESMENEMMENANZTERENIAES T
HREHEmMMBEL, MANEEERRENZE., LSNEMALERTR



YRR E 22450 . REMER, RENZBAAE, BAERAZHTEH, ML
S AFEESERRFE, #FMRITRFERREN T FEE AR, ¥
ERRANAEEE “KR” YW, EREEEEN, HERMFEYN =15
%, EALBAREAERNERREBARREROGE, HEESME LR E
BEREBRR, REEABRRERARTHREMAET HATER T RAEH# LR
HEHEEMAG, IKERERAERKERL. WA AR EE LR E R
RIS S MBI R X HF (ngs et al. , 2009),

AKEFE—F, EEER TR MIAETERS T, LI 2 Broadstone
BRI M4 FIAE BE 22 1 Zackenberg ME MM AH, WMARNMEZAMEH ., o
ERFAERRR RSN, BRSNS P YR E MR RARKET 80%,
XA ARG B IREERN Z R MM B AT B VIR RN %R AT FEXAE
F, Olesen ZAHAEEMESBIRMER b, # X2 R85 B N XK WEITFE
B OCER” THB BT T, MFEEYE LS4 LA AL R R
FRZ—, SBRLBEEREMBSELE, SEYME, MR ZLETSREN
MEERAWRE L, BN SEEASESNEHTERARNERITED, K%
ME RN T X FHMIFRE R, EETEEDHENHEIETHMETH
BHERXRROETHRFE, HERART M ERITAESCHSOEWE, &
WTAMNME, BESEREREGIAN - BARETHEBELESME LR RNE?
FEWR T 08 45 4 43 2 40 1T B -5 5 38 L 5 v B A A ) 4% 1 55 F R0 AR E Ak
M., FEBHNEEEFREFRIRNOAL, EONERSEUEMIERE
i b, fEH Riede FUWHERT 66 MAFXBWETYMEE, #IET 19 ~RYM
HINSHE, HEAMNEZHEMERESEHENRERERRXE, AR
WIARAAESAZERBMARNSHERNTREL W, BUENAERZMESE
McLaughlin SF7EBE T — ML F E/R 2R L AR SEI AT B Y M SRR AR L
BROER -, MR TYRIMRNSZE, fIgE-BYXANREE. 3
DEMAME, RHASRELR MW, 551 56 BF 5T 02 R H &R 20
MrEAEYM, BIRTASNERER ., SiERHRERREWME -1
BB (pH HMEE, 5.0~8.4) AE4LBy? P74 0 0 3052 A1 A 38 A= 9 I R %
BEMRABREERE W, FEERFANTREENAEEEREREER
M, ABNRE -5, FEEZREZAHENERNE 24 BEE, gy 71
ST RENRKESEESRETR TS, B SR MR B LK 47
REER, TFEMBRYMN MBS HEAEREREENER, REFERH.



MERMN, BEZE. AYBZEESIMMYNERKE ERARFAE, #H—
PP TESMUTUHNER; AEEBRAWESHE, REELHET T,
S A K 36 ZRMIRE VR o Y R RO/ B B T R IR A S 28 B B T R T
EEAAERREEN. REAH, RBERMRY. BN #RRE, REESH
TRV ATEME, EA, ZRERE, BREXEMLEATF, WHkEA
YE N HATHI BB Z A

Fifixes, AN—NeResifm, MBS B B AT R A S W
HPRANTREIRER, GHAHE. BREEKENEEAHRIRE, EXKA
s, AW, HRESHRE, MERDBELEROESMNE IR EERHEXTH,
T 3% B S0 B FT Y0R8 368 0, o 30 S et 7 7 o KR ¥ £ ) Y S T O X3
WHIEART SR MBEEAKEZR, WEAFATRUNEHDHHNEARNES
BBRIEE . BT, ESMBTRMAOAT BT NAEERER. WFENME,
EFR EXTESMAERHREEDEER, FRTEFEERK, EEMKHER
PERVFIE RS AMERTIRZ A4,

HHARAWM TR —REESHRESEZHNESEE. FIFRNES¥S
BMAMMERAD, OIFZEEHMERITEBRAEN, EARBIATIAE, TR
MRESMEHFEL, ——REAMHE. ARRENELERBIAXESH
FHRMAEL, AEESMEBRNPFRLEEUFRITHEORBE DT, DX
MARANRARTY MRS HEERSE, FRET - SiEENIIRER. =2
PrERE A, SEEXSAESHNEMNHEEREEYTRINTERFR
HRI R, RIS A B e A B A AL 16 R Rl (B 5 LU AR B 7 b
B, BE, ESREDNERWAKF ENHRAHBERE S, R, IRELE
WA S MK ERAREER? EARBEELFERT LS MK
S X SEIMBRAIN T REXEEMK B EE N, R HIRE K E G
REGWEUFTEMRRN, WRELAE., 2HFEEHIRRIT., FRXTE,
MESHMBES T EEMEH T, 5 THRIE, ETHERR, HHEAH
RESMERETEMNZT. ARCEMKOBBME. A5 EEEEHiEKRE
ASFHAEAENERNEE, MIOTRENRERIILERNTFRAER, BF
REmMSEME.

R, ESMBRHRMBITRMOFMBLESE, EXRGESE. £
MAERYE, 2REMESHEBRRERLOHRENSFT LEREFMTX, H
MEFRAARRETRERNHEEARRM REREENEW, 5Tk



Mg, PIRME., BEMAEERER, EHMEA “REFKL”. AW, iE
Eange, KRAFBRM “AEES” Loz BFEFAAM, BEIAESHEH A
B, EFHETEBRKERBTFRIWAE— ESMENEF. BHEMERS
MEWMZA. SEZE, BERRESFBBNMREBEPFARRE. A5
WeEk .

HHhE LR
E-mail: xuzz@ibcas. ac. cn

bR A F B AT AT



il

]
EARE. FTHECAERFEARRANEERE?

A% (ESEHRER) NEEREALESNENPR —HREET ALK
FEHERRNEYHR, MABERNMEEREE P, BXHSIEERE RSN
YR L AN, 1859 4, KR XE (UHEF) —HhEAEER “ERSEN
A SRR EE M EERNARMSE ., 20 4£)5, Camerano T 1880 4F
HRTEANBATHERESYMAsREER, I, FEELENEBETER,
#l Elton (1927). Lindeman (1942). MacArthur (1955) # Hutchinson
(1959) %, LT XEMERENHT, L, ARNERRBARRAANE
MR BB T T HARE M, A R AR ORI BEBEVE R IR A AR A 0
B BRh R TEEMG. R, XBRPEXREEREAREEHKRNE
MTE TELEMBRE May (1972, 1973) RHEMBEAMNRE, MIIW0EE
BRELEN, RERNERENSTHRESE, XHERSIHT - PRBETRR
MR, AR ARATPERSYMEEBENRHIREMTA%?

B 20 42 90 EARLE, ATHMEBET —HFHNEYM, NhkE T RE4a
WRoREA, B9 T P& MR, HEAFUBEREATREUMIN, HF
BRELAGENMAESRBEHN—nEYREMHEELXRBEBHIE? 0
McCann, Hastings and Huxel, 1998), #BiHiE, BREWRBAZH ML MR
T B HE R IR TR AR RR R ORI EEABE., NEEH
RHBEEENXEEE (40 Berlow et al. , 2009; Emmerson and Raffaelli, 2004),
o ER, AWFFRE AR IR B BAS  m i H RR SCER B B S AR T LAR
W, AEAEAMNSHFREETIFETAMRR (Ingsetal., 2009, M4
R SR ERER L ESERINEEHITAERXNES ST, EREEREAER
R ERNEEBAHSHEMESEER, AW, HRRE, EMAEMEHE Riede
REAEEFBAKEE, B TRERENRERA—B, HETAHXRT XK
PSR, B5h, BofEid NIt R &S AR EY TR a8
HR%) . BEHSREMEDR A RRXNERE, EEHAZETEARYN
MR E-FhEMENHR., XEHFRREBALELE Olesen FANLHIFRNEE
e Scd, B, FROTIIET A4S FE 3 045 th N 4 4 4y e 0 30 75 o) — SR A ALE



FIF IR B AEHE SRR T B A5 B RAA K FIRM AT 8B, EER, —I R
AHAHREFABLZLWEERRRTREEPNEZE2E (EHL Elon A
Hutchinson) & KB MEKR/NEFAKLEER (Cohen eral., 2003), TH S5
HAHXHER CnEAHER) MZmeeA SR o sk,

ABHERED Olesen FA (2010) B3R T T ML 5 8N £ B4 Ay
BURAATSR:, SEXMMNEEHNRER S R ERMEEN S TSR R, Wood-
ward % (2010) BEWE R XERH T M ETE - MHEBEM EEH LA 545
AT R 2T A EIRIIER, Nift—5 BB MEKFE S R4k s
REALEREE T BB BF RN . BT RNERTER KNG EARLESES, &
. Rk Y MERBHERLRBENRIECR. HhF—SRET
Riede % A (2010) FIF—A~ m BB A3 5048 FE S M8 B M 1T 8 & W I 45 31,
AMZRES—RINCYMSRZRFENRREXREM TH AR, McLaughlin
% (2010) ERAFR—NBRRAHBE EABT WM GOER F, HTTN%
HMERERERESEWHXRER, AEHEEE R CEH Layer £ A (2010) 85,
RAXTEMESFMER T EMIR, WFBXT 20 ZFRENEYN, BET —
ALK pH A, R B L2 3K B B 3R 5 bl DY 4 4] 522 o 3 0 8 P 4% 45 #g
MEEEHMBRZ—. O'Gorman Al Emmerson (2010) 5 TASRE -5 XX,
A A — R R M AT NE R NIER, AN EE WE S
W G5 R PHRE T 5 B R R R R B,

BZ, RRRARXERHTEN EHESRELR (WFERE. WA
R SRR, HAAMERE (RYN, HKANEMBEE—F4EEMNE) %,
HWHERATHREMNILBRFIEMNES. BRMEA/PKERESE TR &, HiX
HAEBKREGREX — 8, RETCHITE—NERMEE RS b EBFEHEL
YRR KCRNT, RITFE, ARBEEMWMFEAIRIMNERELRESH
EHHSHMAFZEENEDFHENRS (NFEYRESE, SRNETINE
REABHAL) HXWEL: W, XLFEFAKPEBL, EREHET, 1
HEAKEABRGE, TRMERIMEN — B T ENIRR BRI THRAE
B L6 B e BN B W EMAMBA, RS ERIF BTG, XTATHEE
RUHESRE, ERRATRSANE, MkSN%5ERERMNEMEEX B,

Guy Woodward
(A &)



e E2XW

Berlows E. A., Dunne, J. A. , Martinez, N. D. , Starke, P. B. , Williams, R. J. , and Brose, U.
(2009) . Simple prediction of interaction strengths in complex food webs. Proc. Natl. Acad.
Sci. USA 106, 187-191.

Camerano, L. (1880) . Dell’ equilibrio dei viventi mercéla reciproca distruzione. Atti della Reale
Accademia delle Scienze di Torino 15, 393-414.

Cohen, J. E., Jonsson, T., and Carpenter, S.R. (2003) . Ecological community description
using the food web, species abundance, and body size. Proc. Natl. Acad. Sci. USA 100,
1781-1786.

Darwin, C. (1859) . On the Origin of Species by Means of Natural Selection, or the Preserva-
tion of Favoured Races in the Struggle for Life.

Elton, C. S. (1927) . Animal Ecology. Sedgewick and Jackson, London.

Emmerson, M. , and Raffaelli, D. (2004) . Predator- prey body size, interaction strength and
the stability of a real food web. J. Anim. Ecol. 73, 399-409.

Hutchinson, G. E. (1959) . Homage to Santa Rosalia or why are there so many kinds of ani-
mals? Am. Nat. 93, 145-159.

Ings, T.C., Montoya, J. M. , Bascompte, ]., Bluthgen, N., Brown, L., Dormann, C.F.,
Edwards, F. , Figueroa, D. , Jacob, U., Jones, J. 1., Lauridsen, R.B. , Ledger, M. E. et
al. (2009) . Ecological networks—Beyond food webs. J. Anrim. Ecol. 78, 253-269.

Lindeman, R. L. (1942) . The trophic-dynamic aspect of ecology. Ecology 23, 399-418.

Layer, K., Riede, J. O., Hildrew, A.G., and Woodward, G. (2010) . Food web structure
and stability in 20 streams across a wide pH gradient. Adv. Ecol. Res. 42, 267-301.

MacArthur, R. (1955) . Fluctuations of animal populations and a measure of community stabili-
ty. Ecology 36, 533-536.

May, R. M. (1972) . Will a large complex system be stable? Nature 238, 413-414.

May, R. M. (1973) . Stability and Complexity in Model Ecosystems. Princeton University
Press, Princeton.

McCann, K., Hastings, A. , and Huxel, G. R. (1998) . Weak trophic interactions and the bal-
ance of nature. Nature 395, 794-798,

McLaughlin, O.B., Jonsson, T., and Emmerson, M.C. (2010) . Temporal variability in
predator- prey relationships of a forest floor food web. Adv. Ecol. Res. 42, 173-266.

O'Gorman, E.]. , and Emmerson, M. C. (2010) . Manipulating interaction strengths and the
consequences for trivariate patterns in a marine food web. Adv. Ecol. Res. 42, 303-421.

Olesen, J. M., Dupont, Y. L., O’Gorman, E.]J., Ings, T.C., Layer, K., Melidn, C.]J., et

al, (2010) . From Broadstone to Zackenberg: Space, time and hierarchies in ecological net-



works. Adv. Ecol. Res. 42, 1-70.

Riede, J. O., Rall, B. C. , Banasek-Richter, C. , Navarrete, S. A. , Wieters, E. A. , and Brose,
U. (2010) . Scaling of food- web properties with diversity and complexity across ecosys-
tems. Adv. Ecol. Res. 42, 141-172.

Woodward, G. ,» Benstead, J. P. , Beveridge, O. S. , Blanchard, J. , Brey, T. , Brown, L. E. , e
al. (2010) . Ecological networks in a changing climate. Adv. Ecol. Res. 42, 71-139.



Contributors to Volume 42

CAROLIN BANASEK-RICHTER, Environmental Research Institute,
University College Cork, Lee Road, Cork, Ireland and School of Biology,
Earth and Environmental Sciences, University College Cork, Distillery
Fields, North Mall, Cork, Ireland.

JONATHAN P. BENSTEAD, Department of Biological Sciences, University
of Alabama, Tuscaloosa, AL 35487, USA.

OLIVER S. BEVERIDGE, Department of Animal and Plant Sciences,
University of Sheffield, Western Bank, Sheffield, S10 2TN, United
Kingdom. and School of Biological and Biomedical Sciences, Durham
University, South Road, Durham, DHI 3LE, United Kingdom.

JULIA BLANCHARD, Centre for Environment, Fisheries and Aquaculture
Science, Lowestoft Laboratory, Lowestoft NR33 OHT, United Kingdom.
THOMAS BREY, Alfred Wegener Institute for Polar and Marine Research,

PO 120161, 27515, Bremerhaven, Germany.

ULRICH BROSE, Systemic Conservation Biology Group, J.F. Blumenbach
Institute of Zoology and Anthropology, Georg-August-University Goettingen,
Germany.

LEE E. BROWN, School of Geography, University of Leeds, Woodhouse
Lane, Leeds, LS2 9JT, United Kingdom.

WYATT F. CROSS, Department of Ecology, Montana State University,
Bozeman, MT 59717, USA.

YOKO L. DUPONT, Department of Biological Sciences, Aarhus University,
Ny Munkegade 114, DK-8000 Aarhus C, Denmark.

MARK C. EMMERSON, Environmental Research Institute, University
College Cork, Lee Road, Cork, Ireland; School of Biology, Earth and
Environmental Sciences, University College Cork, Distillery Fields, North

- Mall, Cork, Ireland; Department of Zoology, Ecology and Plant Sciences,
University College Cork, Distillery Fields, North Mall, Cork, Ireland and
Queens University Belfast, School of Biological Sciences, Medical Biology
Centre, 97 Lisburn Road, Belfast, BT9 7BL, Northern Ireland.

NIKOLA] FRIBERG, National Environmental Research Institute, Department
of Freshwater Ecology, Aarhus University, Vejisovej 25, DK-8600 Silkeborg,
Denmark.

ALAN G. HILDREW, School of Biological & Chemical Sciences, QueenMary
University of London, London, E1 4NS, United Kingdom.



xii CONTRIBUTORS TO VOLUME 42

THOMAS C. INGS, School of Biological & Chemical Sciences, Queen Mary
University of London, London, E1 4NS, United Kingdom.

UTE JACOB, Institute for Hydrobiology and Fisheries Science, University of
Hamburg, Grosse Elbstrasse 133, D-22767 Hamburg, Germany.

SIMON JENNINGS, Centre for Environment, Fisheries and Aquaculture
Science, Lowestoft Laboratory, Lowestoft NR33 OHT, United Kingdom.
TOMAS JONSSON, Ecological Modelling Group, Research Centre for
Systems Biology, University of Skivde, P.O. Box 408, SE-541 28 Skévde,

Sweden.

KATRIN LAYER, School of Biological & Chemical Sciences, Queen Mary
University of London, London, E1 4NS, United Kingdom.

MARK E. LEDGER, School of Geography, Earth and Environmental
Sciences, University of Birmingham, Edgbaston, Birmingham, Bl5 2TT,
United Kingdom.

ORLA B. MCLAUGHLIN, Environmental Research Institute, University
College Cork, Lee Road, Cork, Ireland and School of Biology, Earth and
Environmental Sciences, University College Cork, Distillery Fields, North
Mall, Cork, Ireland.

CARLOS J. MELIAN, National Center for Ecological Analysis and Synthesis,
735 State Street, Suite 300, Santa Barbara, CA 93101.

ALEXANDER M. MILNER, School of Geography, Earth and Environmental
Sciences, University of Birmingham, Edgbaston, Birmingham, Bl5 2TT,
United Kingdom.

JOSE M. MONTOYA, [ Institute of Marine Sciences, Consejo Superior de
Investigaciones Cientificas, Passeig Maritim Barceloneta 3749, 08003,
Barcelona, Spain.

SERGIO A. NAVARRETE, Estacion Costera de Investigaciones Marinas &
Center for Advanced Studies in Ecology & Biodiversity, Depto. de Ecologia
Pontificia Universidad Catolica de Chile, Casilla 114-D, Santiago, Chile.

EOIN O’GORMAN, School of Biology and Environmental Science, Science
Centre West, University College Dublin, Belfield, Dublin 4, Ireland.

JENS M. OLESEN, Department of Biological Sciences, Aarhus University,
Ny Munkegade 114, DK-8000 Aarhus C, Denmark.

OWEN L. PETCHEY, Department of Animal and Plant Sciences, University
of Sheffield, Western Bank, Sheffield, S10 2T N, United Kingdom.

DORIS E. PICHLER, School of Biological & Chemical Sciences, Queen
Mary University of London, London, E1 4NS, United Kingdom.

BJORN C. RALL, Systemic Conservation Biology Group, J.F. Blumenbach
Institute of Zoology and Anthropology, Georg-August-University Goettingen,
Germany.

DANIEL C. REUMAN, Imperial College London, Silwood Park Campus,
Buckhurst Road, Ascot, Berkshire, SL5 7PY, United Kingdom.



CONTRIBUTORS TO VOLUME 42 xiii

JENS O. RIEDE, Systemic Conservation Biology Group, J.F. Blumenbach
Institute of Zoology and Anthropology, Georg-August-University Goettingen,
Germany.

CLAUS RASMUSSEN, Department of Biological Sciences, Aarhus University,
Ny Munkegade 114, DK-8000 Aarhus C, Denmark.

MURRAY S.A. THOMPSON, School of Biological & Chemical Sciences,
QueenMary University of London, London, E1 4NS, United Kingdom and
Natural History Museum, Cromwell Road, London SW7 5BD, United
Kingdom.

KRISTIAN TROJELSGAARD, Department of Biological Sciences, Aarhus
University, Ny Munkegade 114, DK-8000 Aarhus C, Denmark.

FRANK J. F. VAN VEEN, School of Bioscience, The University of Exeter,
Exeter, Devon, EX4 4SBUnited Kingdom.

EVIE A. WIETERS, Estacion Costera de Investigaciones Marinas & Center
for Advanced Studies in Ecology & Biodiversity, Depto. de Ecologia Pontificia
Universidad Catélica de Chile, Casilla 114-D, Santiago, Chile.

GUY WOODWARD, School of Biological & Chemical Sciences, Queen Mary
University of London, London, EI 4NS, United Kingdom.

GABRIEL YVON-DUROCHER, School of Biological & Chemical Sciences,
Queen Mary University of London, London,E1 4NS, United Kingdom.



Preface

Ecological Networks: Simple Rules for Complex Systems
in a Changing World?

This Thematic Volume of Advances in Ecological Research is dedicated to the
study of ecological networks—the webs of antagonistic or mutualistic inter-
actions that occur between individuals and, ultimately, also at the higher
levels of biological organisation (e.g. among species populations or size-
classes). Darwin first employed the metaphor of the ‘entangled bank’ to
describe a network of interacting species in the Origin of Species in 1859,
and the first recognisable ball-and-stick diagram of a food web was described
by Camerano (1880) a couple of decades later. Many of the eminent pioneer-
ing ecologists of their day also turned their attention to these systems,
including Elton (1927), Lindeman (1942), MacArthur (1955), and
Hutchinson (1959), who were among the first to suggest that complexity
might confer stability on natural systems and that body size plays a key
role in structuring communities and in determining the strength of interac-
tions. These early ideas linking complexity to stability were subsequently
challenged by the seminal modelling work of May (1972, 1973) and many
others, who demonstrated mathematically that complexity should decrease
stability. This raised the long-standing question as to what might be the
‘devious strategies’ that allow the complex food webs we see in nature to
persist. A new generation of food webs that were constructed with far greater
sampling effort and better taxonomic resolution appeared from the 1990s
onwards, in conjunction with new mathematical models that demonstrated
how complex systems could be stable—for instance, if most links were weak
(e.g. McCann, Hastings and Huxel, 1998). Since then, numerous studies have
demonstrated, both empirically and theoretically, that the body-size of
consumers and their resources is a key determinant of interaction strength,
network structure and stability (e.g. Berlow et af., 2009; Emmerson and
Raffaelli, 2004).

In the last two decades, the study of ecological networks has undergone a
dramatic renaissance, which has been manifested by the opening of new
research vistas and an exponential rise in the number of publications
(Ings et al., 2009). The catalogue of high-quality data has now grown suffi-
ciently for ecologists to be able to undertake meaningful meta-analysis and to
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search for macroecological patterns in network structure and dynamics
across a wide range of systems, two areas that had, until recently, been
hampered by limited or inconsistent data collection, as highlighted by the
paper by Riede and co-authors in this Volume. In addition, the study
of ‘traditional’ food webs and host—parasitoid networks has been comple-
mented by the recent blossoming of research into mutualistic networks
(c.g. plant-pollinator webs) and the attendant cross-fertilisation of ideas
emerging from the study of networks in the social sciences, which are covered
in Olesen et al.’s comprehensive review and synthesis paper. We are now
edging closer to being able to make some (fairly) firm generalisations about
network structure and dynamics, and to start to build predictive frameworks
to anticipate how they might respond to natural and anthropogenic pertur-
bations. One recurrent theme that has (re)emerged in recent years and that
runs through much of this Volume and echoes the ideas of the early ecolo-
gists, particularly those of Elton and Hutchinson, is that body size plays a
key role (e.g. Cohen et al., 2003) and that its correlates (e.g. basal metabolic
rate) have effects that can ramify through the food web.

The first paper in the Volume (Olesen et al., 2010) provides an overview of
the current and emerging perspectives in eight key areas of network research,
including an in-depth consideration of the structuring of networks, and how
this varies with both space and time. In the second paper, by Woodward
et al. (2010), a new theoretical framework, based on first-principles related
primarily to metabolic constraints and ecological stoichiometry, is suggested
as a possible means of developing a more mechanistic understanding of
network-level responses to climate change. The subsequent papers are
based on detailed empirical data from a range of different systems, including
marine, freshwater and terrestrial food webs. The first of these, by Riede ez al.
(2010), is a meta-analysis of network properties using a new, high-quality
dataset, which reveals strong evidence of power-law scaling between network
size and a range of food web parameters. The paper by McLaughlin ez al.
(2010) explores network properties and size-structuring within a highly re-
solved terrestrial above- and below-ground food web. The penultimate
paper, by Layer et al. (2010) is a macroecological and modelling study of
20 stream food webs across a wide pH gradient, and is one of the first
attempts to understand how structure and stability of networks is shaped
by an environmental stressor. The final paper, by O’Gorman and Emmerson
(2010), considers the role of body size within a benthic marine food web, and
represents one of the first studies to characterise highly resolved networks
within a replicated field experiment. In summary, the six papers that com-
prise this Volume cover a wide range of ecosystems (marine, freshwater and
terrestrial), network types (food webs, mutualistic and host—parasitoid net-
works) and also combine theoretical and empirical approaches. Although the
role of body size is addressed in each contribution, this does not in any way
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imply that it is the sole variable of interest or importance, but rather it
represents a useful principal component that can capture much of the bio-
logically relevant variation within a network. Examining the ‘residuals about
the line’ can therefore provide invaluable additional information about a
wide range of other important ecological properties and phenomena (e.g.
idiosyncratic species traits, adaptive behaviour, and phylogenetic con-
straints) that would otherwise be masked. In many cases, and especially in
aquatic systems, body size provides a relatively simple set of rules that can be
used to help understand and (ultimately) predict the structure and dynamics
of complex ecological networks and how they might respond to future
change. This is a rather daunting, but also exciting, prospect for future
ecological research, and the compilation of papers within this Volume repre-
sent a step towards this goal.

Guy Woodward
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