
So 1:tr llie review has clcscrihcd the historical tlevelopment 01' I1ieoiic.s used hy thrrsc who IIWC 
itdvocalctl conitiors. Rcccnt authors disirgrcc 0 1 1  whclhcr ihe Jluiictioil or ct)mtlors 111 S ~ C C I C S  

conserval i o i  i is s( iuiidl y hascd in t hcory . The I sl m'l biogeog rdpliic (or hiot ic collapse. 1 crr t r ria, 
iriclutlirig corridors, wcrc quickly :ind widely adopted, li)r exampk in the World Conservatioii StraYegy 
(IUC'N IWO) ant1 itre still curreiil tt~rioiig iriariy priictitioncrs (Hridgcwatcr 19x7, Burkcy 19x9, Verkaar 
1990 and Harris AL Scheck 199l)* However the critcria resulted in a long and hittcr conlniversy I I I  

tlic scientlic comrnunity arid Siirihcrloff arid Cox (1987) find little convincing cvidcncc for corridors 
in rhc studies. Thc nexl seclioii o f  [ h i s  rcv~cw cxanraiancs the thcorics aird cixipiric;il cvicieircc i n  ;III 
attciiipt to rcsolve th is  tlisagrecrriclit. 

The sectioii hegiris willi situatioiis that may require corridors to promote movcmcnt. 'I'hc theoiics 
assurrie lhal (lie popihlioiw of organisms itre isolated in hahitat fragments a i d  cross tlic 1ria2rix 
hetweeii llicrri with difficulty; the cxtcnt 10 which this i s  so is cxiuiiincd. Evidence on this i m y  co111c 
:ilsn from llie "tuniovcr" o f  spccics on hahitat l-'ragmcxits, and from the "rclaxiition" of Ihc species 
ricluiess to a i i ~ w  cquilibrium aftcr fragmentation of their habitat. considered next. Tlicri [lie 
characteristics 0 1  the habitat patches that iriay iiillueiice the success of corridors are considered - their 
dimensions, or  size, their Iiahitat cornpositioii iiriti iitiverse Iiabita1.s on llieir edges. Next {lie adequacy 
of liuidscapc ecological theories as a has Ibr conidor recoirirneii~1atir)ris is exairiirietl, followed hy ;I 
sirnilar cxiuiiinatioii 01 ~nelapopul:itiori theories. 'Tlic itleas o i l  just which species may he sensitive to 
fragiiicritatioii a i i d  ltius require corridors are colisidered. Fiii:illy tnet1ic)dologicaI aspecls of  the studies 
lire reviewed. 

Following this, the review turiis lo the requireriieiits o f  studies to i1ernonstr:ile corridor cffccts, and this 
leads to ;I consitleralioii 0 1  studies Ilia1 hear tfireclly up011 the conduit function, a i d  iinailly to 
rcco~ii~i~cnd at ions 1 or furl her wc )rk. 

I)o corridors help to overcome Isolation? 

Oxic :trgurnerit for corritlors is that tliey facilitate movemerit througli a rnatrix of othcrwisc 
uiilavourahlc Iiahital a t  icl so ovcrcoinc tlic itdvcrsc cffccts of isolation oii 1iabit:it fragrrietils. 

Crowd1 ( 1907), Hairiiltori v/ r x l .  (!Oh3), Willianis ( l9h4) and Lack (1071, 3076) suggested that 
inipovcrishrrietit ol isl:uid ilviI';1uttils had iriucli irioi~c to do witli tlic bird species 1'3iliiig 10 lint1 suitahlc 
h;ihit;it thcrc, t1i:ui to tlicir I:iilurtz to cross tlic gaps. 'I'eiriperalc birds seeined iriorc xhlc to cross 
oceanic gi t l>S th:m rropical species (Dialnolid 1974, Terhorgli 1975, Wilcove rt nl. 1986). Studies of 
"Beta diversity" (large-scalc diversify) ol British planls anil rinimrtls suggest that specics turnover itt 

th is Scitlc is more ;I product 01 range arid hithitat restnction tfirui 0 1  rlispcrsal limitation (Iiarrison, Ross 
& Lawion 1992). Fomian aid C;odron ( I O X  1 )  ant1 McCoy ( 10x2) also emphasised that tcrrcstrial 
hahitat patches dilfcr l'rorn true islands in that they are riot surrounded by totally inhospitahlc hahitats 
arid so inay 1 1 0 1  he so isol;ited. 

It 1i:is also proved tlilficull to confirm onc of the two empirical patterns that island hiogcograpliic 
t h c ~ r y  lirst sough1 to ~ ~ x p l i ~ i ~ l :  Ihat the ~iumhcr of spccics 011 patches of habitat is less t h i  thiit whir:Ii 
is 1 ouiiil oil  ;tri equiv;rlcnt area of the nearest "mainland" source and thcrcforc the patch species-arca 
curve i s  stcepcr thm the mainland one (Di:uiiontl 1060; Helliwell 1076h; Schoener 1076; Simhcrloff 
197Xa; Nilssoii Kr Nilsson 1978; Coilnor Kr. McCoy lC179; Wi1li;uiisoii 1% I ;  Hiula L i t  al.  19x2; 
Coleiriaii r t  (11. 19x2; Coilnor [it (11. 19x3; Kclly c v  (11. 1'3x9; TIarl KL TIorwiti 1991). This again raises 
questions ahout ihc isolafion 01 populatioiis of tliesc spccics. 
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Middlcton ant1 Merrirun ( 1083) ex;iirririetl thc spatial distrihitiom of higher plants, squirrels and 
invcrtchralcs ill 1:irge blocks of Canadian forcst compared with rcmnanl patches in firsmland, ;md 
concludctl that fhcse specics did i i o t  h i t l  the iarnilancl ; t ~ y  liarricr. Such findings indic;rtr 11ia1 
isolatioii. 101- (Iicsc spccics, may hc no more importitnt hctwt:cn tlistanl patchcs than i t  is hctwccii 
srilriples witliiii liirgcr patchcs. 

Where i\olaliori is uiiimportant. in the tcrms of Figure 4. thcrc is ctfcctivcly hut oiic immigrxtion curve 
- that lor "rriairilaiid samplcs" - so that the numhcr of spccics dccrcascs with decreasing patch m a .  
hut not with isolatiori. For letxilierate hirtls Hiiilii ct NI. (IOX2), Haila (19X3), 'Tilgliiriaii ( 1087) u i t l  
Ilart rind Horwiti ( IW I )  coiicludc this is coinrrioiily llie situalioii ir i  palchy erivironinenls on 
contirieiits: situ:ilioiis for wliich thcrc is an "archipclago" 01' habitat patches with lilllc harrier hetween 
them. This is clearly a silualiori witcre corridors are 1io1 required, as oioverrient between hahitat 
patclie:, c ~ i  occur rcwlily without tbctn. 

Is iso1:ttioti irnporlaiit lor prirlicular sensitive species? 

11 reiriaiiis possihle t l u t  rc:al clfccts 011 scrisitivc spccics art: ~nasked iii  the aggregate slatistics o€ wliolc 
coiriiriuiiilies (Howe 19x4). I n  thc cxtrcme isol;itioii cle:o*ly does inaller: (lie scarcity 0 1  ~ii;iiiiiii;rl 

specics, ap:irl lroiri IXIIS, 0 1 1  rcixlotc islitlitis (Wilcox I 9 X O ) ;  [ l i e  record o f  successful introductions io 
islmls by liurriari :igeiicy (Brockie or  U / .  I 98X); successlul re-estahlislimcnt of huttcrflilics (Oales Kr 
Wanc~l  I YJO; '1'Xrouras 199 I )  iri parts ol: Hritaiii; itrld the large riuriihers 01. species cndcmic to islands, 
all c~eirioiisiratc thiit many spccics of ;minials and plants very rarely cross large gaps unaidcd 
(Wi1li;imsoii 1981) o r  irriry take ;t vcry Long tiixlc to do  so. Fishes iri lakes :uid rivers may hc as 
isolated as :ire tei+rcstrial orgainisins oii  islarids (Harlwur Kr Browti 1074; Slieldon 1988). 

Brown's ( I97 I )  study of ~riairiirials isolated on rnourilaiiitops is a rriucli-cited exariiplc whcrc 
immigration is :is:,uirietl lo be impossible. Morris autl Wehh (1987) consider many rare insccts of 
serni-riiilur;tl habitats to he ii-r thc siimc situation. For tlicse spccies a ~ t l  distances (or iriliospitalily oi 
the harrier), in thc terms of Figurc 4, the patches are s o  very "far" that the cquilihriuiii species riutriher 
is very Iicitr icro and the spccies present air? heirig very gradually lost after some historic cliairge liad 
left the the hihit at p:ttch isolated. 

Taylor ( I9l~O) tlistinguished three categories o f  isolation in rrielapnpulri~ion models: 

1. 1oc:tI extinctioris aiid recoloiiisaliori occur Irequetitly; 

2. isolatctl local populatioris lrequeritly would go extinct hut rnigr:ttion ("rfispcrsatl" in thc 
tcnninology o f  lliis review) prcvclits this; a i i d  

3. isolated local populatioIis usually would persist hut lluctuate :uid migration rcduccs thc 
magnitude of thc lluctuation. 



'Tiiylor lwlicvcd, howcvcr, that his secoiiti two calcgorics iriight hc morc frcqucnt. aind that thcsc have 
received little cmpirical attention. T1i:tt T:iylor':, three c:ilcgories lie o i i  :i coriliriumri, :irirf the lirst is 
the inosl extrcm, iiicilns that cvidcncc for the I irst implies that the oilier two must :dso occur. Thus 
the easy empirical work should have wider iipplicathility than appears so at lirst sight. 

The mtc ;rl which plant spccics invadc new polders is inlluenced by their dispcrsal mechanisms 
(Nip-Van Dcr Vooi-t, Hcngcvcld KL Ikieck 1 079) and lerreslrial aniinals colonising Britairi (1 
in their firtcs o l  spread into iiew territory, which i s  evidcncc for grcatly varyiitg ahilities 10 cross 
hhospitahlc harriers (Mac:tloriald & Srriitlt IOOO) even i 1' lliis sliouWd he yualil'iecl by arxolher faclor ahal 
may intlucncc t h i s  vnri:ttiori: the species' iiih+hisic raks of increase (Williuris. Draiisl'ield KL Hrighlwell 
I'I92). 

Some authors (Wilcove o r  ill. I WO) Ilitve wecl atypically consistcnt rclationships with dist;iiice (such 
its that in Figure 14) to rciich more conlldcnt conclusion on the general rcsponsc of spccics to isolalion 
tfwt is juslil'icd. Studies that fail to cstahlish a clear-cut ellcc1 of isolalion (eg Middlcton and Mcrriluxi 
19x1, 1983; Munguira k Thornas 1002) may he lcss ilitcreslirig arid so less olieri published. 

SlutJics ol' aiiinials iir relalioii Io roads as harriers have estahlisl~d that, lor sotrie species, rnovcrricnt 
may lic much iiiorc lreyuent wilhin (lie Iiahital patch 11ian across 11ie ruad (Oxley ct ( I / .  1974; Adxiis 
Kr. Ckis 1983; Mader 1984; Merriairi r f  d. 1OX0: Mader cct ul. 1000: Lyle KL Quinri 1991; Rcnnctt 
lCN La; Munguira & Thomas 1002). Other studies show lesser ellecls on abunrlaicc, :uid tiiovcIiicnf 
of ariimals around roads a s  it source ol' disturhwice (McLclliui KL Shackleton 1988; van dcr Zauide, 
Kcurs Kr. Vii11 dcr Wcijdcn 19x0). Some of these el'fccts are so pronounced (Figure 15) its to ohviiitc 
V;I rious 111 cthodo logical m d  st at i stic:il deficiencies in the st uilies (111 :my 0 1  them had inad cqu ate control 
iircits ;tnd very few applied slritistical IesRs, or calculated conlltlence intervals). Nevcr-thclcss it is 
nearly impossihle l'or :i direct study of  i~~oveixic~it to cstahlislr that mrc coloiiisatioii eveills do not occur 
(thc himriiial coiiliclerice limits lor :m ohscrvution of' zero movcmciits ;uc 0 to 3.7). 'Thus this 
evideilcc 0 1 1  roads its harr-icrs does nof show thcm to he effective in imventing eventual rccolonisation 
i ior gene llow, but they might hc ellective i n  preveiiliiig the attairmierit of a iriiiiirriuiri sixe threshold. 
I t  is also true that the iiiovciricn~s o f  iriuiy species are liltle alleclerl hy such fealures ;is rorids (Duclli 
I9W)). 

Mcrriam (it (11. ( I O X O )  reviewed rriariy of tlicse studics to rcatcli more detailcd conclusions, hut these 
iirC not supported hy the exuriiriatioii of fhc sludics' statistical adcquiicy. 

The existence o l  such harriers to rriovemcnt iilst) suggcsts that, for S ~ I I I C  species, ;i single paiklr o f  poor 
1iahit:it witliiri wliitt rriight othcnvisc hc itn cxccllcnt corridor could prcvcnt movement along it. 
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The plarir clog's mcrcury (Mcrcurialis perermis) was irhscnt in rnosl Liricolrisliirc woods 1 
ytiirs old in i t  study hy Pcterkeri ;id Galne (19% I ) .  They suggesretl that i t  sprcads ;timosf cntircly 
vcgctalively, rarely by seed, and that new populatmls have exlahXislied in thc last 3OU years tria~rily 
by vegetativc sprcad to riear sitcs, :uid rarely by  scctY over gre;iIcr distanccs (Figure 114). IJsing similar 
cvidcnce, Harrison, Murphy arid Ehrlich ( 1 OXX) ,  Thomas and Harrisori ( 1092) and Tliornas vt nl. 
( 1997) dcrnoristratcd, for several huttertly species, that long-distuice dispersal is extrcmcly m e  (Figure 
16). In this regard Dcmpsler (, 199 I ) and Tliornas ( 199 R ) suggested lhai isolation of populaiioris c:uli 
result in ar i  evolved loss of rriohilily. 

Fkllre 16 Occupiuicy of patchcs ol suitable habitat hy thc silver-studdcd hluc butterfly P/dwiids 
crr-~us i n  North Wales ill  I WO. Most patches larger than about 0 . 1  ha were occupied 
( o ), providcrl Ilia1 they were within about 600 111 o l  ariolher occupied patch. Hcyoritl 
this distiuicc rio patches werc occupied I I )  ), regardless o f  s i /e  (alter Tliomas Kr 
Harri son 1092). 
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Opdam r't NI. ( I O X S )  a i d  van Tlorp ant1 Optfirm (1987) I'oulid ;UI cf'lccl of isolation on  he nurnher of 
woor1l:uid bird species iii tlic Nctlicrlantls hut could not dcmonstnttc an cllcct for m y  iridivitlual 
SpLY:iC\. 

Does mor(a1ily in tlic matrix c;iuse effeclivc isolatiori? 

Most author:, havc assumed that the cflccls ol isolation :ire cntircly dclctcrious, bul Siinherlol'f' ruld Cox 
( 19x7) and Panctta ( I90 1 )  warn that tlie imiriigrruits may he predominantly catholic species. co~nrnon 
compctitors, pests, weeds, or top predators which could rlisplacc intcrcsling. rare or erirleiriic ones. 
Rlyth (I90 1)  iriakes ;I si1nil:ir point ill relation io corridors to cscapc changing climate. Crowley 's 
( I9X 1 ) modcl 01 prcdator-prey interactions reviewed under "mctapopulatit,11" ahovc gives so111c 
theoretical hacking to flicse huggestions anti the liistrrry of spccics introduced by liu~naii agency slinws 
tlial [his does occur, parlicularly 0 1 1  reiriote islands. Such el Cects are not so likely in rcrriiiairt ii;itiiral 

liahitaf palclics, hut ;ire still possihlc. 

Isolation and corridors 

Tlie praclical questioii ;ihout isolation rcsolvcs down to wlticli of  lliree circurns1:inccs :ipply; the spccics 
under coiisidemliolh may: 

1 .  colonise so readily 11ia1 isol;iliori Iiiatters very lillle; 

2. havc so much difficulty crossing gaps, with or without conticlors to aid tlie crossing, that 
colonisation is impossihlc in any realistic lime; or 

3. have sufillcicnt difficulty with colonisation Ihat the distance from the source has iui irnporlx~it 
c ffct: 1 . 

MLt1iy Sptht:iC'S iirr ~ I I O W ~ I  to ~ C ~ W C  in such it Wily that corridor coiuicctiolls ;IT tJiIIIec?Ss;Lry 10 ticctruI1t 
for their prc:,eiice iri :L giveii patch of liahilal (Helliwell 1975; Pollard rt (11. 1974; nip-viui dcr Voort 
rt NI. 1970; C'aincroii t't ( I / .  1 OXO; Fonnari & Godroi~ 198 I ; Frailkel & Souk 1 9 X  1 ; Margulcs ~t al. 
19x2; Airihuel & Teiriple 19x3; Hopkins & Wchh 19x4; Mcl)oririclI IOX4; Fahrig KL F':iloIieimo 19x8; 
TMc lc)XX; cicn Rocr 1990; Date i't d. 1991; Murrlocli KL Lylc 1993). This includcs spccics of  birds, 
butterflies, spiders iuid higher plants that rriay Ily or clrill long distances in the air, or otiicnvise have 
good powers of' dispersal that do no1 appear to be aflecteti niarkeclly hy the unticrlying hahitat (Rcilncll 



I W  lit). Many ( 1 1  the species hcliavc its if they were adaptctl to disperse under fitvourahlc conditions 
;is part of their tile cyclc (dcn Rocr I W O ) .  

Other species disperse poorly (Hell iwcll 1975: Ciuncron ~t d. 19x0). Some of thcsc would not bc 
cxpcclcd to 111ove iilolig corridors sufficiently i i a t  to s:itisly peoples’ rlcsirc to sec the species in it 
re:isori:ihle liiric. Such species could include plants thal reproduce through vegetative cloncs and 
ollienvise have very poor powers of dispersal, such ;is mosl ancient woodland indicator plant spccics 
(Pctcrkcll 1003). Hohhs ( 1  902) coiisidcrcd thiit tlicsc rclittivcly scdcnlu-y spccics may he i i l  grealer 
risk of extinction. 

Helweeii lhesc two groups of species thcrc should he ;I group with dispersal powers in 11ic mitltflc 
i*;rrigc. Tlicsc might use corridors aid ~ h u s  he fourid where rliey ollierwise would not. 

I n  the corilexl 01’ I-ecoloilisiitioli most species kill under I o r  2 ahove, and thcrcforc would be lilllc 
influenced hy corridors. This view is hwed on sludies ol’ Ilie iIioveitieiit abilities o l  individual species 
iuid also oil  the difficulty 01 ilemonslralrng a convincing isolation elleel on total species nurnlxr in 
most st-udics. Tlic view is shared hy Gilpiri ( 19x0) in his c-Ievelnpmerit of stcppixig slonc thcoty; 
Cilbcil (, 1980) in his cxmiimttion of early is1:uid hiogeogr:iphic studies; Levinson (1% 1 ) for trcc 
species i l l  Wisconsin wtiodlots: Middlcton and Mcrriann ( 19x3) for  C~uiadirui forcst plants w d  animds; 
Morris and Wchh ( I%7) for insects in Erilish field koundaries and Macdonald ;uid Srnith ( 1990) for 
IIIiHI1~I~dS in British fiirmliuid. Thornas and Harrisori ( 1902) corisiderecl [he silver-studtlcrl hXuc 
lwltcr-tly (P/dwjids urgus L) iri ~iorlli Wales 10 l’il iri llie firsl calegory wilhiri distances of  about SOOrn, 
lhe Ihird l0r clistaiices up to ;I few kilometres ;wid the sccoiid hcyond thcsc distariccs. l’liis eflecl 01 
isolalion or1 llie prohahility of rccoloiiisatioii is itlso rcflcctcd in tlic time t;ikcli to rt:wloiiise: reinnte 
plitd1cs 1:ikc lo~gcr (TIiot1i:is ot t r l .  1002). 

Thcrc is however ;i secoiitl aspecl to corridor futrctioiis. T‘lic f x l  that sorne aiiiin:ils r~irely cross 
harriers, or suller very sigiiit’icuit morlality in them, sliows thiit their daily weds lor 1iahit:it h v c  to 
he louritl iri well-coruiected ;trc;~s (Lylc & Quimi 1991; Wcgncr Kr. Merrim 1079). This is especially 
so 0 1  citrIhhou1id migrants, such a s  many amphihiit (Antircws 1993; Sinsch 19x9) and tlrc migralory 
miunmals 01 tlic seasonal lropics (Harris KL Scheck 1991). For lhese, 1iioveniciit must hc so easy t h t  
wliolc populaliori:, can uiitlerlake i l  witlroul sigiiificaril rnoflalily. The ellects 0 1  isolalion on habitat 
si/e Iliresliolds will therefore tic Important to some m i m i s ’  populiattion hiology, 

We do not kiiow wlial kiritl ol‘ corridor would seivc bird species wliiclr iippear to show psycliologicrd 
avoiilarice ol‘ lhe edgcs of‘ their hiihit:it patches or of the iilhospitahlc mitrix hctwccli Ilrerr~. Optlrun 
( 100 I )  souglit explarialions lor lhcsc isolation cffccts, hut could fiml ~ i o  good work cm how hirtls 
actually disperse through the lanriscapc. 

I n conclusion corridors seein 10 liave a value in  retfuciiig isolalioii Ihr olily a limited group of  planl 
or animal species as lar as recoloriisatioli is coriccnicd, ;uid to have ;I poleritially grealer value in 
iiiceting the &lily and rnigralory rieetls o f  ariiirral species. 

Tiirnover 

Evirleiice l o r  (Iic cliccts of isoliitioli, immigration x i d  extinction, in the contcxt of citlicr isliuid 
hogeogrtipliic or inclal7opiil;itxon theory, c;in hc taken lrom studies of rndividual species’ populatioris 
i n  :I \ysIeili of Iiiihitiil patchcs, where on any oxic patch the species IS  sccii to go extinct, oiily to 
re-cctahlish. OpdiUIl (1990) and Mcrriani uid Wcgiicr (1092) reviewcd slutlics ol a vitricty of taxa 
wliich sliowcri tumovcr o i l  hahilal palches. ;is evicleircc t1t;it rnetripopulatioii ”spatial dynamics” was 
operative. However lliese ;ire tiot evidence that tlic patches arc m y  morc isolatcd thw itre coritiguous 
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I n  this coxiicxl Lyiicli ;md Jolinson (i974), Simherlofl' ( 1976) ar id  McCoy (10x2) showed hi a jiirocll 
deal of the tunlover irieasiirctl in studies of island biogeography wits "ps;eudotumrrver" oi' vrugr;uit o r  
transient species which would izevcr cstaihlish popularions (sec also McCloy J. 982; Willimson 19x3). 
Such placcs :ire o f  Ii ttle coliservation imporiiuicc unless ~ h c  nictapirpulation hii t  i l lhahits them has 
nowherc inore secure to exist. Smith's ( 1975) robins i i i  apple irces illuslrale lliis pninl well: 

Fluclualioiis IXI;LY hriiig ;I species to extinction in ;i systcm. I can accept ;i modcratc 
:tnioinrl o f  this hut iiot very much. Ohviously, extinction is ~iiorc frcrjucnt in sm;illcr 
sysleixis. At ;i ridiculous cxtrciiic cvcry death or mrvmiciit creates ;in extinction at 
tlial cx;rci poiiit. Rohins l~ccoriic cxtiiicr in xi apple trcc xiiiuiy times cacli day 
wliencvcr tlicy fly clscwlicrc. To iiic, Irccqueiii cxiiriciion is :t signal that the systcni 
uiider study is not large enough to include the proccsscs l>cing studied. Move the 
sysfcm l>oundarics o u l  ui i i i l  exlinclioii hecoines rare. This eiisures 13131 the organisiry 
forces of tlic systcm lie wifhiri the syslein. 

Merriiun and Wcgncr ( 1992) ruid Middleton and Merriaiii (198 1 )  discussed sniall miunrnal populations 
Illat may go cxtinct on small isolated Ciuiadiiui woodlots over winter, hut which itre rccoloniscd 
rapidly aller ihe (haw. Bclliuxly cl U / .  (1993) rcpoflcd ;I similar tumovcr of  hrcediiig birds on srriall 
isolated Brilisli woods. Thcsc arc not a s  ta'lviali a s  whiras ira apple trccs, Iwt :ire sinal% scak proceshe\ 
aiitl a l i n o h l  11s prcdictahk ;IS returning migriuits ;uid hardly cfcscrlrc the term "cxtinctioin"'; tXiese 
populalioiis pcrsist ill tlic long-tcnii. The key point in this context 1s whctl~cr thc ~soltitihrui of (he 
pa(c11es has 3 1 1  unpoflarlt niflucncc 011 the tumovcr :u1cPI, clucially, whcthcr corridors call a f W  M s .  

Ahhol ( 10x3) Xistcrl liirtlicr prohlcms with studies of turnover: hias, tliorougluicss, trccatmcnt of missing 
species, scale, collcctiiig effort, and lack of hrccding coniirm;ition; he concludcd for Austr:rliari islaiirls 
lt lal  ir~osl "'lunrovcr" of hirds xid miumials, hut not of plants, was in fitct due to 1iuilliUi cffccts; Ihis 
is included in "non-cyuilihriuiii lumovcr" by Akele and Coririor ( 1979). Other methodological 
prohlcms with sludics 01 tuniover :ire thal ir is tlifficull to clelect or to quarilify rare events alfccting 
rare spccics (Taylor I09 I ) ,  :uid Ilia1 il is dillicult to he sure Ilia1 Iiabilal cliruiges have not occurred. 
Thomas atirl I Iarrison ( 1092) allrihutetl inost tunlover of a British hutterlly to hahilal changes. Ahclc 
aritl C'o~inor ( I070) reviewed llic evidence for high rates of turnover I o  coiiclutle Ilia1 iales ol 
ecluilihriuiri luniovcr wcrc gcncrally overestimated. McC'oy (19x2) cxmiricd Whitcomh i't cr/.'s ( 1977) 
slurly 0 1  turnover, ;rnd concluded that analytical prohlcms meant i f  was grossly ovcrrstiin;itcd. 

Lynch ;uitl Jotiiison ( 1074) also iiitrodiiccd tlic tcrm "cryptotumovcr" for spccies wliicli g o  exliiict 
locally, hui re-irivatle hetweeir sludy visits iuid so arc not dctcctcd as liaviiig gone exliiicl. This is 
related to the rescue effcct 01 Hrowti arid Kodrio-Brown ( i977), discusscd ahovc, and W;IS discussed 
also l?y Siwkrlolf (1976) iuid Diamond and May (1O77), who tcrmcd it "silent turnover". Bclliuny 
et d. (199.1) louncl [lie rescue elfecl to opcnitc with 1mxdiii.g birds ill small British woods, as the 
actual t uiiiover of i r w k e d  populations was considcrahly grciitcr thiui the iippiwclit turnover shown hy 
Ihe iiicicleiicc o f  llic spccics in siicccssivc years. It likely that most species exhibiting silent tumovcr 
will 1i:ive ;I high colonisation rate and thus he unlikely t o  hcnclit lrotn corridors. 

Tlicrclorc i he  exisleiicc of tumovcr ciuuiot by itself hc titken its cvidcrice that islauid hiogcographic (or 
mciapopulalioii) proccsscs arc tlic prcdotninant explitnation lor the presence or ahsc~icc of species on 
hahilal palclrcs, most especially ol sensitive species (Boeckleii Kr Siinherlol'f I9Xh). I n  Ihis context 
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i t  is thc cvidcnce lurriover provides o f  harriers to dispersal [hat is import:iiit. Thc cvidcncc falls far' 
short of proof. 

Can corridors help species otherwise doomed to " r e l a ~ ' ~  to extinction? 

Boeckl t~  iU1d Gotclli ( 10x4) examincd Tcrhorglr's ( 1974) classical study "laurial collapse" 011  

Barro-Colorado Isliind ant1 Ilia1 hy Soulc ~t 111. ( 1970) lor Nairobi NiitioI1;d Park, to conclude th:li lltere 
was siiclr imprecision in estim;ites of cxtiriction rrileh ;LS to invididiitc specilic conservalioir 
recoinmendatit)ns (Figure 17). This criticism appliell also 1 0  Wilcox's ( 19x0) iulalys1s oi' the rnlurrrnals 
of the SuIida Islaritls arid of hirds and limrris (Faell) 6r Coniior 1979). Boccklcn arid Simherloff'(l98ti) 
cxiunilinctl Diarnorid's (lg72) relaxation lirries for larid Ix-idgc islands nc;ir New Guinea In firid similarly 
w i lie cot i f7  d ciicc int crv a1 s I 

Figure Calculatiorr of coril'itlence irilcrvals sliows that Tcrh)rgJi's ( 1974) cstiiriatcd cxlinction 
coct'kienl for hirds on Barro-Colorado lslaiid is so iiriprccise ;IS to he u~1illli:)n~~iitivc. 
"Ihc opeii syirihol is Terhorgh's estiiriale from lire liiic liiied to K values for other 
PIilccs, m t i  the curved lines arc 9S% sirnultiu~cous coritidence limits (after B O C C ~ ~ C I I  
& Gotelli l9X4). 
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N o  studies were 1i)urid 0 1  terrestriiil hahitat patches to suggest that rclaxation hack to cquilihrium of 
shorl-lived species tlierc will he the very slow process dcscrihcd by Diatnnnd ( “2) and Terborgh 
( IO7h), altltougll Situndcrs ( 1 WO) corisitlered t1i;tt bird species were slill heing lost Ironi Auslraliari 
whcathclt 1iakii:iI palches ll~rough rclaxatiori. Kitclierier rt rr l .  ( 1 9 X O )  found no cvidcncc for such 
rclaxaliorl 01’ the rlurrlber of liziird species i f 1  Western Austriiliiul w1ic:itbclt rcscrves, nor (lid Sirribcrlof1. 
anti Gotelli ( 10x4) firid any lor plant species i r i  ;I prairic-forcst ccotonc, nor Pctcrkcli m t l  Garrie ( 1 0 X  1 )  
1-or uicieril wootlland species in Lincohisliire (Figurc I X). 
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Soulc of (rl. (I9XX) described the slow loss 01 birds from ctiaparral lhgrnenis in San Diego as 
"relaxalioii", ;i conclusion that tfcpentls upoii ;I rriultiplc regressioli study Illat slxowcd Zhal t l i ~  nuinbrr 
of spccics in ;I patch was relaled 10 the lime uincc isolation as well as with thc arca of chap:irral 
habitat. Howcvcr ihe are;i of clliipiirral was hcing rcrluccd and dcgratfcrl grcittly ovcr this tiiiic period, 
so that tlic "rcIaxa1iori" could simply reflect the species richness responding quickly to tYic 1iabit;it 
cX1;U~gcs. 

"IWaxalion" of shor-t-lived spccics m a y  i n  Ihcl geiierally he rriucli quicker than i s  suggested by [lie few 
pUhliL:iiliolis on the subject. However species Iriiiy persist for iriariy yt:ars simpIy lhrough iheiiig 
lorig-livccS (Saundcrs vf NI. 199 1 ). Giune ;uid F'ererkeri ( XOX4j, studying aiicieril woc)tllaiid p1ii1it species 
irr Eirncolristiirc c:oultl 1 1 0 1  rlctcct tcliix:itioll cvcn over hundrcrls of years. C ~ I K ~ O X I  cif rrl. ( r9XO) 
showed lliat hedgerows in Britain that ;ire rclicls of woodland have almost all 01' the snail species 
fourid i i i  ililacl woodliuid, again suggesting little relaxation over huntlrcds of years. It is possiblc that 
so~rie sucli spccics hiivc siic11 ii low extinction rate that rclitxaition takes a wry long tiriic indeed. For 
such species, howcvcr, cxthction ciui hc hkcn as zero within tlic usual time period I'or planning. I I  
is the species of iiiterrucdi;itc life span thiit may go extinct at times significiuit in thc context of rcscrvc 
design. 

'I'lius lliosc who cxtrapolatc from the fiiiciiiigs 011 I>irrls of Iropical oceanic iskuids (Fonnan r t  [al .  1976; 
Brown 1978) may reach erroneous conclusioris. bul ir is riec:essary rieverlheless to heware 01' species 
which m;ty kc dnolrled to go extirict as a cr~lsequence of pasl changes. 'To llie exleiil flial c0mic:Iors 
m i y  link areas together, so i t i~  such losscs conscqucnt on i i  reduction o f  wca nriay he averred. 

Corridor width, area and hahitat diversity 

The "isliuid 1iogeogr:tphic" crileriori which litvours largc rcservcs over sriiali oiics, suggesls that widc 
corridors will SCI-VC their funclinii heller than riarrow oiies ;uid also thal corridors rnay enhruicc the 
patches they join by adding 10 their area. 

The MacArlliur-Wilsol~ islmcl biogcograipliy model ;issumcs that cxlinction rate dcperrtls up011 Ilie f1ie311 
si/e of ;i species' population, and that in turn tlcpcnds upon tlic sire of the patch and thc nuinhcr of 
spccics hclo~ging to thc taxon on i t .  Extinclion r:itcs or1 islaitds do secrii to relate to populittio11 s i x ,  
;is i h  ausuiiied iii both the island Inogeogritpliic aiid metapirl,ulatioii models (Rcy 198 I ;  Schocner Kr 
Sclioeiier 10x3; Wriglit Kr Huhhcll 19x3; Diamond 19x4; Schocncr 8r, Spillcr 19x7; Quiiin & HiistiiIgs 
19x7; Piiiiiii r't d. 19XXj. This is h l i l l  a coriirrioiily-held explaiialioii of lhe area effecl (Abelc & Patlon 
1976; Usher I991), b u t  thcrc lire, in  l k l ,  ;I large riutriber of  ollier Iriodels Ilia1 can account for the 
species-area cltcct (Sirnherlol'f 107Xb; Abele Kr Coiiiior 1970: Colinor lk McCny I979 mtl  lor a recent 
rcvicw sec €l:irt & Howit /  1991). 

AII early allentalivc suggestion was that the "area effect" (rnorc species in largc habitat patclics) is duc 
to large palclies having ii greater diversity irl 1i:tbitat itnd not to itreit p r  s e  (Hiuiiilton et NI. lc)h3; 
Williairis 1904; Oucllct lc)h7; Lack 1971, 1976). This would also invalidate lhc assumption of 
homogcrieil y coi~imo11 10 tlic MacArthur- Wilson iuid most mctapopulatioii models (Martin 198 1; Haila 
19X3; Wilcovc & Rohinson IcScIO; IJslicr 1991). The varicly of  habitats (or niches) itVil;iblc, is 
suirirriarised here by the phrase "habilat diversity" arid corilrasted will1 llie tlicorctictil homogeneity. 



1)i:uiioiid ( 1977) and Dimorid aid May ( 1970) do allow tlial l l r e  thl'fecl o f  area iuay he hewuse ol it 

variety of hahitait factors in ;tiltlitiori to the slrai$(lorward ellect of area or1 pnpulalion s i x  

"Arw also iillcc~s itriinigration iuid extinction in scvcral other ways: through its 
relalioii lo llie magnitude of spatial iuid temporal variability in rcsource~; by hciiig 
correlaletl with the varicty of avail;ihlc hahitats, its stressed hy Lack (1971); and by 
Ilcing correlaled with the numhcr of 'hot spots', or sitcs of Iocally high utilisahk 
resource produclioii for a ~ ; L T ~ I c u U ; K  spce:wcx (Di;ia-nond lY7.5g.'' 

I n  the iiiajorily of slutlies, habital diversity lxas provcd 10 c:orrelalc with specics riuriiher at leas1 as well 
:IS does :trea. 'Hie lew Ihat could sepiiriitc thc two cffccts show that hiihitat tliversily olieli is inore 
important than arcs pvr J P  (Wesleni & Sseinakula I08 I :  Lyric11 KL Wig1i:un 1984; IIarl KC Hor-wit;r 
lc)cll; but sec Optlain of (11. 1985: TWe. IJsher KL Iellerso~i 19x5; Freernark AL Mcrriam 1986; V i i ~  
Dorp KL Opr1:uri 10x7; arid Nilssoii. H c ~ g t s x o ~  & As 1988 for cxccplioiis). Ari added complicatioxi 
is (ha1 II patch may he sccii its onc habitat hy, for cxiuiiplc ;I predatory bird. hut ;IS several liahitals by 

Thus, i t  is no1 sullicienl to assuiw, as was cornrriorily (lone (Goeclen 1970; Ilshcr 1979), that ;i 
correlaliori lietweeii ( 1 1 ~  s i x  of ii patch iind tlic iiutnhcr of spccics it I lo l t l~  is coiilirrnation t h ~ t  i i r~ i t  p ~ l *  

SO Iias heeii {lie iriaiii detcnninaiit of the number- o l  species, o r  Ihtit ;U] equilibrium hctwecn 
irninigraliori aiitl exlitictiori is tlic major orgmisiixg proccss ill its coinrriuriily. Area may act through 
largcr patclics having ;I greater or hctlcr riuigc of hahitats prcscnt, or tllrougli otlrcr factors reviewed 
b y  Boccklcn aiitl Siinherloll ( I 980) arid Hart ;ind Honvil/ ( 199 I >. 

Although tlicrc is douht ahout the rnccliiuiisrn, thcrc is little dispute that large patchcs will coriserve 
more spccics than small oxies (IJslier 1001). A rcvicw by Connor & McCoy (1979) shows 111:1l, while 
t1ic actual shape of the relationship may tlifhr, there is almost invariahly a correlation hctwceri the s i ~ e  
of a habitat patch and the numhcr 01 spccics of a given taxon that it holds. Even in cxceptioiial cases, 
like the specics-poor British lowland Iicaths, large patches hold morc of thc subset of species which 
spccialise ill tlic hihitit (Wehh & Hopkins 19x4; Hopkins & Wchh 1984; Wchh 1980). 

Arc predictions from the " m : t  cflcct " sufficiently prccisc? 

Wcstcm iutd Sscmakulii ( 1 9 X  1) pointed out, 11owcvcr, that the species-am cuwc IIIiiy IX statistically 
insigni ticant over the practical range o l  ~re;is used for rcscrlres. Roccklcn and Gotclli ( 1 W4), liirtlier, 
tourid t l i r i i  tlic confitlcncc limits around m u i y  0 1  the pnhlishcd spccics-arca relationships were so wide 
11i:iI tliey lackcd utility for prcrisc prcdictions, such a s  tlic minimum i i G i  iicc irry to coiiserve a given 
nutnher of specics: the dctcrlxlilliuits of spccics richness arc, ;is noted ahovc, oltcn too complex lo bc 
~riotlellctl by ;m;i alo11c. They rccommcndcd thc incorporation of otlicr variiihlcs like lialiilal 
lietcrogcrrcity or rcsourcc availahiliiy. They also sircssetl tlittl use of tlic spccics area cumc ignores 
specics idcntity and populalion sir,e (Haila KL Jarvinen 1 9 X  1). 



I1 is crltitilily true that iriore precisc prcdicrions of the numhcr of spccics arc possiblc if tlicrc i s  
irifonnaition wailahlc not only o i l  llic a r w  hut itlso OJI thc hahitar, OF spccics composition. of tlir 
c:uirficiatc piitchcs (Western & Ssemakula 198 1 ; Sirnhcrltrff KL Alxlc 19x4). For shadc-tolcwit higher 
plaiits Chmc i tnd Pctcrkcn ( 19x4) were able to show that itifonriatioti ori l l ie 1rahit:it iypeb, rare species 
and locatioii of individual woods allowed the sclcction of  ;i hetier set of woods for specie\ 
coiisciv;rtion than considcratioii ol area aloiie. However, tlicories oil inininium viahle populaiioiis have 
ye1 to he valitlatcrl iu thc f k l d  (Saundcrs ~t rrX. 199 1 )  and, Irequently. decisions havr to hP mule on 
limited iiifomi:ilion, o r  a system of ~ C S C ~ V C S  sclcctcd lor hiological diversity p r r  w rathcr than ior  
pwticular t;ixa. h i  tlicsc instmccs, including :we3 :uid liahiial diversity iuriorig the design criteria will 
improve Ihc system. 

Wliilc it i:, i io i  at all  clcar that the superiority ol  large patches is ;t corisequence of the cquilihriurn 01 
ttic MacAi*llrur.-Wilsoii thcory, lor practical purposes i t  does not rriatter how the superiority comes 
ahout, provided that it  i s  likely to persisl (Millcr & Harris 1077: Venier 19x6). R I )  :idditiorial crilerion 
i s  callcd for by the pervasive iinportatice of hahital divcrsity (Wcstcni & Sseiriakula 1 9 X  I >. Siroherlol I 
 id Ahck ( 1982)  id Siinherloff ( 1980) stressed that XI unwart-mtcd focus OII theory Illiid rktrdcted 
from the m:tin task of refuge planners, detcnnining which hahitats arc iliiportiuit. 

These sludics h;tvc hccn oil the s i ~ c  and 1ii;ihrl:t~ djiveasr~y of Ihc parches, r:ither Ih;ur owl corridors gwr 
w, lnur applying thcir tindings to corridoru cuggcslc  ha^ the wrdth (arca) aid  Piahilat composition of 
comdors IS 11nport;int. It they ;ire I O  itcl cithcr ah coritlurls, or 10 add to Ihc itrcii ol  a hahitat patch, 
the wider (Iic heller. Thc clcsirithlc hahitaf composition atid i ts tn;magcrricni will dcpcxid upon thc 
requircirierits ol thc taxa for which they arc cupposed IO act its :t conduit; thc ~ic;~scr thc 'iiahital to the 
opiirxiinn for tliosc taxa the hcttcr the corridor. The imprecision ol the s i x  and liilhilat tlivcrsity cffccls 
does not invalidate this conclusion. hul ir cerlairily wggests Ihal ollier fitclors will olteii he irriport:tnr 
wlieli cvaluating the quality 01 corridors :IS conduils. or inanaging thcrn. 

Hdge effect 

The cdgc cffcct is supposed to he particularly iinportaiil to l h i i i  corridors, which inay he largcly or 
wliolly cdge. Hcrc too tlicrc arc difticultics. Wilcovc rt d. ( IYXh), for cxmiplc, rcvicwcd scvcral 
studies that dcmonstrate that nest p:irasitisiri and pretlatioii 0 1 1  song birds are greatcsi 1ic:tr to the edges 
of wootllots in Ihc Eastem IJSA. They iriatle the logicrrl jump to coiiclutle that this has hccn 
rcsponsilk lor thc tlccliiie i i i  soiighird popu1;itroris in small woods therc siiice the late 1940s, witlioul 
any discussion of the overall regulatioii of iiuirihcrs in thcsc spccics. Tlic cfkcts tlrcy illustrated were 
not major :uid other explaiialioiis for this long-tcim dcclinc ;ire sui*cly possihlc (0pd;urr 199 I ) .  Furtlier, 
Wilcovc Kr. Kol%nsoii ( I  090) found that in;uiy of the species Wit are confiired to large patches 
Iicvcrthcless (to i i o l  avoid edges. 

Studics of the crlgc cffcct, like Ilrose of We1713 ct a/. (lOX4), Lovcjoy ct al. (lc)X6), Wilcovc ('r U/. 
( lC)Xh), Rurcl and Baudry ( I  990), 1,yncli m d  Siiundcrs (1 99 1) and Ushcr (19') 1), have, however, 
cstahlishcd that some species do prcfcr the "corett of hahitat patches and so such spccics may he 
sensitive to fragmciilation of their Iiahitat. Sauiiders rc (11. (199 I )  arvl Hatissoil ;ifid Atiglcstairi (I00 1)  
rcvicwcd the inmy physical :uid biotic edge cfli:cls thai ciIi1 cliaiigc small Irahitat patches. 'I'liesc rriem 
that often siiiall p:dclies are o f  ;i quite a tliffcrcnt I iJ i i ta l  than is found in the corc of l ; ~ c  ones :uid 

tliis hahitat may hc less suiiahle lor seiisiiive specics. A sourcc arid siiik ixrodcl may tlierclorci he llie 
~nost appropriate thcory iii m u i y  cases (Figure? U). 



The queslioii tlia1 rci~iins uniuiswcred in lhe coiiiexl oj' corridors i s  whether a prel*ere:elice lkrr ccm 
Iiahitat precludes their use its corridors hy semilive spccies which scc them :is cntisciy cdge,, 1 1 1  the 
nhscncc of good empirical siuclics this proposition rcm;iins thcorctic;tll, 'hut sccms XikcYy af #cast for 
plants, which musl eslahlisli a population withrn ii corridor 10 use i t .  Meanwhile .it would he pnrrfcnf, 
wlicrc possihle, lo coriserve corridors of sufficient width to contain s o m  core Itxihitat. 

Do corridors fiinction at a landscape scale? 

It i s  difficult to coriducl experiiricntal *lanipul~ttioiis at thc largc spatial scalcs that ;rc thc tradition;rl 
focus of' lantlscape ecology (Jolu-ison 1992). The studies wc have are correlative. Corridors have hccn 
rcliitctl to the tlislrihulioii of species o i i  a hndscapc sr:alc. Askiiis ct {il" ( 19x7) found 111;it loresl 
interior birds iii C'orriicclicul wcrc less often found in patches whcrc thcrc was little surrounding forcsL 
V m  Dorp :uid Opdain ( IW7) lound that u p  to 30% of thc variatim in the number of forest inlcrior 
bird species ii i  Ihe Nellierl;uids could bc aiu:ounted for by  tlic density of nearby linear wooded icafures. 
Thcy coultl noi, however, clisliiiguisli bctwccil lhcse iealurr:~ ;is ;I corridor or ;is additiorial leerfing 
;irc;is for birds iiruntl il l  the woods. Sirriilarly Laaii a i i d  Verhoc)iri ( I  990) louncl an elfeecr of nearby 
woodland on the numhcr 01' :unphihian species lourid i l l  pools iri tlie Netlierlruids, but could not 
distinguish thcsc woodlands as corridors, lrorii fheir funclion as hahif at. The stu~ic coiilounding of 
habitat and conduit lunctioris allecls Hrighl rci d . ' s  6 1992) work 011 dorrxiouse disfri'kulitrn i i a  
Herelordsliirc woodlands, wliilc Bclliuriy ~t a l . ' s  (1993) study of birds in English woods was cvcii 
lurllier coiifusctl hy not being coniiiictl to woodlaid specialis1 species. 

Clcarly more careful studies arc needed lo corilinn fhe corridor luriction at the 1:uidscape spatial scalc. 

Metapopulatitrn 

The original metapopu1;itiori irtodel (arid nio\l suhsequeril niotlels) :issumes NI cffccl of  isolation that 
does not chiuigc with clistiuicc from source (Hastings I900). In (his regard the moilcls arc less realistic 
than the island kiogcograpliic rriotlel. Ilistance effects have heeri tnodelletl suhsequenlly in simulations 
(see relererices i l l  Mei~iarri 199 lii), hut liavvc not yet bcc~l gcncr:tIiscd. 

Taylor ( IOOO, I 99 I ) and Harrison ( 1991 ) rcvicwcd studies whcrc mctapcrpulation proccsscs inigltt he 
irriporlaiil to local extinction. Some of thcsc srutlics lacked convincing data (Taylor IcN 1)  ruid, of' tlir 
rerriairider, li:w seenicd to l i t  the classical 1i~ctapopul;ition model. wlicrc habitat patches arc all rriucli 
the S;UIW si/c ~ u i d  charactcr i111d all may act its a sourcc lor any of their numbcr. l'llcy foulid Ihrre 
diffcrcnt cascs to he coIriiuoii: 

1.  riiainlaiitl-islttri(l ancl source-sirik situations (Figure 9) iri wliich persistence depcnds on onc or 
iiiore exliriclioit-rcsisla~il populatioiis (scc also Opdani I99 I ,  Tliorrias & Harrisoii 1002 u id  
' I I I o I I ~ i i S  Csr Jolics 1993); 

2. sysleins of patchcs where dispersal is so high that the systcm is cffcctivcly ;L single 
exlirictioi~-rcsistiuit populiitioIi; and 

3. non-cqilihriuiii situations in which exlinclioii occurs in tlie course o l a  species' overall regional 
dccl inc. 

I n  the tirsl ~ w o  crises regioilal cxtinction docs not occur iuid in the third it is not a ~OIISC~JUCIICC of a 
mctapopulatiori process. I t  is (his third cast that has bccn described by the hiotic collapse, or  islaiitl 
biogcographic, thcorisls, however. 



lk~ltlerso~i t’f U/. ( 19x5) iUid Mcrri:uri ( I90 I a)  cies;l:r.ihcd ;I mctapopulation of thc c ; r s tc~~~ chiprnuiik 
(T(miiu.s strirrtrcs) in Caiiarlian woods, arttl coricludcd that corridors would assist surviv;tl, hilt this study 
did not lcalure i i i  Taylor’s (Iqc)!) or Hitrrison’s ( I 0 0  1 )  reviews. The inlonnation oil this stiidy hi 
Hcntlcrson ot trl. ( 1085) is U l A f O ~ U l l i l t C l y  insufficient lo place il  inlo I lxrison’s calcgorks. 

IIarriaoii (I00 I )  iiicludcd 111 thc second category den Boer’s (198 I )  s~utly which has often i?ccn cited 
in the coiitexl o f  coiiiiectivity m d  in the third category onc 01‘ the classical i‘ziunal collapsc studies 
(Brown 197 1). ITarrisnn ( I  99 I )  and Taylor (I99 I )  found no bird studics to discubs, in agrccmai1 wiih 
Ilpdam ( I99 1 )  who reporled ;i serious sliortagc of good bird studies on hahitait patches, 

Corridors could aid species coriservation oii  thc “islands” or  “sinks”, hut arc clearly u~uicccss;i~y for 
the “miiiilaiid” or “sourcctt. They would help little whcrc dispersal is high. They rriay help whcre ;i 

species is in  rcgiomal decline hec:iuse o1hahit:it liaginciilatioii, aiitl especially where IN:) large lmgrrierits 
reirlaiii, lwt not wlicrc the decline has sonit: o l k x  cmst:. 

An argument li)r corridors is 1h;il. by liiiking up s~nall iircits to crcatc larger oncs, spccics t11;it rcquirr: 
large :tms will he able 10 survivc. Corridors may achicvc this linkage without rcquiririg niudi  

addilioxial liahital aiitl t!ius I l x c  siriglc large or scvcral small (SLOSS) question hccomcs relcvairt . 

The cxiuiiination 0 1  the concept o f  serisitive species has largely hem tlirougli a protracted debate over 
the SLOSS prohlein, thal coritiiiucs to gclicratc miuiy sciwtific papcrs (Rurkcy Ic)Xc)), Mosl of thc 
rlchatc has coiiceriied rt.coloriisatioir. 

Hoopcr (197 I ) loresh:i(lowed a crilicisiri o f  llie SLOSS criterioii when lie at1voc:iletl the preservation 
of ;i scrics oi small reserves, each o f  a clilfcreiil hahilal lype. MxArlhur KL Wilson’s theory docs not 
providc II prcdiction to resolve Ilic SLOSS prohlern (Simhcrloll’ KL Ahelc 1976; Ahclc & C‘oiuior 1979; 
Burgmiui rt rrl. 19XX) and the evitlerice I.rnrn lhurial ~:oIlapse is badly Ilawed (Boecklen & Simhcrloff 
19x6); Ihe crileiioii depends riithcr on thc proposition that tlicrc ;ire sensitive spccies Out require large 
;trc;ts and, as a consequence o f  (his, Ihal lhere is a considerable similarity in the spccics ci~mplcmm2 
of small hiihitat patches (Higgs KL T Jslier 1980). The SLOSS tletluctions lrom metapopulation theory 
have yet to hc suhjcct to critical scrutiny, hul olie may ohserve tlial these theories loo inay not dcscrihc 
many rcal situatioiis at all well :uid ;issum hahiiai horriogeiieity (see the previous section). 

The crnpirical evicierice litls heeii reviewed by Sittihcr-)off ;ind Ahcle (19x2) (see also Kitcherier of (11. 

19x0 and Ilart KL Horwili I00 I ), wlro fourid lliat specics liulriher i t i  rme large palch rarely exccetlctl 
that in xcvcrltl siriall o ~ w s  of I h e  s;ime told m;i (Figure lO>. 

Tuniiiig lo studies of individual scnsitivc spccics we lind that the pri)position that tlicy ;ire found solcly 
in  largc piltchcs of hiihiiiit often disguises :i departure Ironi the SLOSS compzuison; thc authors do not 
havc data from sufficicnt small patches to suni to the same m;L as the largc one (Sirnhcrloff Kr. Gotclli 
19x4). Much of thc cvidcncc for largc are:i specialist species COII~CS Irom corrclativc studies, for 
wliicli i t  i s  notoriously dilficult to he sure that it is area, ralher lliari soiiie other lactor that may vary 
wilh ; m t ,  which is the causative factor (see area :uitl liahilal diversity above). 
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Another prohlern is 1.hat solrie ;iulhors use data frotii species which clearly do  not match the rnotlcl. 
For examplc Wilcovc ~ ' t  d. ( 1086) illustrrtted tlrc incidencc of great spolted woodpeckers in British 

ring size, apparcritly hecause it is orie o f  the few species in Moorc and Hoopcr 
( 1975) to givc ;t convincingly steep uid srnooth irrciclerice curvc (see Figure 20). However this spccics 
docs not firid the gaps lrctween Brilish woods ai effeclive harrier IV dispersal. Wliitcornb vr  U / .  ( 8 %  1) 
studied ncotropical rnigrxit hirds i n  easlenn USA ciecrtluous hresr firtgrrierirs aid Hari Kr Horwiti. 
(199 1) analysed Rirrl species or1 Swedish pear 17op. h u ~  all tlicsc are rriigrrttnry species wliich 
rccolonisc each ye:ir :irid surely therelore do riot fit either the rnerapopnl:it~orl or isl:uid Yliogeogr:iptiy 
moticl. Corridors do not help such species 10 rrrove 1Lynch Kr Wigl im 1084). 

Irnpositioii of 05% confidcnce hars onto the incidcncc of p a t  spotted woodpeckers 
in British woods o f  dillbrcnt sizes shows 21131 the curve rnay tw less srnooth t l w l  

implied hy the d:rta poillts alonc: (data rcca1cul;itetI lrorn Moore & Hoopcr 1975). 
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I n  prxlice, too, the liiihitiit liotnogcncity ;issumplion iriay not h d t l  (Diamond /k May I [)7h); smaX1 
patches are spread over ;I grcatcr gcographic ;ire;i uitl so  may represent ;i greater variety of lialitats 
(Kitchcncr ~t al. 19x0; Sirriberloll KL Ahele 10x2; C ; a i r i e  A Peterkeii 1984: Boeckle~  KL SirnbcrloII 
I cM; Soulc & Simhcrlofl' 1OXh). Such regiorial variatioii iii Iitibilat type is suggested by Pirnm's 
(I9Xh) ohsci-vation that, though the :trea of forest in the eastern USA has heeri reduced to 5%. of' its 
f'orincr cxtcnt, only 2% (not thc 50% predicred li-oni Ihe species-area relation) o f  irs bird species havc 
hceii lost lrom all c;iuscs. Thus recent theoretical ex:uiiiiiation of  the SLOSS queslion (Burkcy 19Xc>), 
iri still assuming hahitat homogcneit y, rnay be tlesciihiiig an extreme situalion, rarely approxirnatcd 
in the real world. 

Thus corridors may I ~ c  nccdcd to link small habitat fragmcnts togctlicr. wlicrc otlicrwise (lie suhjecl 
species could not ;icliicvc ;i viable ppulittiolj on the habitat patches ;iv;iil;ihlc. Also :I iietwork of' 
corridors ;uid patches mighi provide a single large ;irc;i which has the diversity t r l  habitat rionrially 
associated with scvcral small iireiis" In this context tlic corridor question tlicreforc reinairis open. This 
i s  Wpeciiilly s o  sincc linking patches with corridors is ;I spccial cast t h a t  may provide linking Iiahitat 
wliilc resulting in little increase in total habitat m:i. 

Tllc dctailcd cxiunilliition a i d  controversy over thc SLOSS qucstion has diverted at tenlinri :lway from 
;i i~iorc sccurc finding not always appreciated by thosc cxuiiining the question; ~x~ore species are found 
wlicrr tlrc totit1 ;isc;i of hahitat is large. rcgardlcss of how i t  i s  suhdividcd (Figure 10, Fonnrui r j t  (11. 
1976; McLclliui 1979; Simhcrloif 8r. Gotclli 1984; Simhcrloff Kr. Ahelc 19x4; Game KL Peterkcn 19x4; 
Dawson 19x4: Shaller KL Sriinsoii IOXS; Haila 19Xh). This too has ;ui implication for t1x provisioii 
ol corridors; wide corriciors add appreciably to the area ol patches Iliey adjoin, s o  Iliat it network with 
wide corridors coiwerves sigiiilicaiitly morc habitat tliaii oiie wilhout. 

Which species should he sensitive? 

Tlic various itlcrts on which species may he carididales lor local extinction or  hc poor colonists, :incl 
thus potential users ol corridors, were covered iri the lirst hall 01' Iliis rcvicw. A rcccnt rcvicw ;~t ic i  
study of risks 0 1  extirictioii ( P i i n i n  vt (11. 1088) coiilinned tfiat low population is the major corrclate 
of'exti~ictioii ancl Ihat variable populatioii also has a1i iiillueiice. However their work on bird data from 
British offshort: islaiids was Ilawed, s o  llral their detailer1 coriclusioris o i i  11ie ellccts of' body size oii  

tlic risk of exliiiclioii are i i i  some doubt. 'I'liey did r i o t  coiisicler (lie rescue ellect, and lhcir milysis 
sul3'crcd Iroirr the cxclusioii 01' soirie species, lhilure lo preseiil miilideiice limits, :uid rcgrc 
dcpcndcxit ant1 ixitlcpcii~le~it vari:thles which were both subject to the sune fiicasureniciit errors. 

The idcas o i l  the risk o f  extiiictioii liavc tlieref'orc Iiot :idvruicctl rnucli froin the time 0 1  MacArlhur m d  
Wilsoii. Sorric o f  tlic spccics iuld taxa which arc considered to hc "scnsitive" arc irideed 1iahil:it 
specialists (Beiiiictt IWla), s o  that their rcquirciiiciits will iiccd to hc mct iI1 the desigri of a reserve 
network. 'I'hc idciis on susceptibility arc well summarised with rcfcrcncc to Southwood's ( 1977) 
"Habitat templet". 



Methodology and altern ;1 t' Ives 

Applicatioris o l  tlicorics Iiiivc Iwcn criticised by Coriiior arid Siiriberlolf ( 1'17X), SirnherlnI'l' and Ahek 
( IC)7h), McCoy (lOX2), H:iila ('1 U / .  ( I  c)S2), Haila (1986). Vcnicr { 198h), Boccklcn and Sinihcrloff 
( I C M ) ,  Van Dorp arid Optla~ri ( JWi'), Rurgmiui c r  ( I / .  ( I W X )  and Ricrrcgaard (1c)c)O). They considered 
that a fiisliionahlc houl of studies fitted their data to the thcorics, often with scant regard for tlic 
rclcvancc oi the theory to llie sludy, the validity of the tlicory, confounding factors, the nccd for 
appropriate null hypotheses, tlic ricccssity to comparr cclually complctc lists of resident species only, 
adequate sarnplc-sim, or atatistical coiifitlcnce intervals. Sucli prot~lcms affcct most work in this r'icld. 
The crilics suggest that autccological studies will provc ~norc v:tluahlc in guiding thc prcscrvation of 
species Ihau will application of gcncral principle:, (Kitcheiier 1982: Sirnherloll & Ahcle 1084; Souk 
Kr. Simhcrlotf 1986). Much 01 the rcceiit work iri ttii:, field has coriceiitraled on rnefapopulaiion rriorlels 
01 siriglc species in response to this suggestion. 

0pd:un ( I990) agrecd with thcsc critics, observing also that few studies examined thc assumptions tliat, 
apxl from area aid isolalioii, all otlicr Ihiiigs iirc equal, ;ind that the populations arc in 1~al;rr~ce wiih 
the 1andsc:yq rather (Iiati reflecting their differing histories. 

Another difiiculty has heeri llial inany studies have (aiitl still do: Belhrry ot ( I / ,  1903) luinpetl together 
species with quite tl ,rciil requircnicnts for Xiahitatt and ;ma ;uid which fiind 1he gaps Ix:llwceit Yrahilal 
patchcs ~i harrier 10 grcally differing degrees (Simhcrloft 24 Uotdli  1984; Opd;um IWI 1 ?'he f i i ~ l i n g h  
ol such slutlies clo ~ i o t  nii8i)n-n the dch;rtc. Sonic stirdies have hrrjkcn with tbc rcquircment Xhar 'die 
suhjccl species are spt:4is(d for the halitat of the patches and rarely usc that of the harricrs hclwceru, 
lor ex:iinple i l l  dealitig with long distmcc migriuits, which ohviously iirc not impeded hy sir~all gaps 
(Willis 1074: Bulclier c v  { I / .  I9XI; v;ui Dorp I% Opdam 19x7). Any hiogcograpliic pattenis loutid iri 

such studies slxoultl t iot  hc forccd into ;I thcory that ;~ssumcs movmicnt hctwecn patches to hc d 
(Haila 1093). 

Much of the work has heeri oil  Mrtls aiitl i i i  lorestetl liahitats (Ahele &L Cn~inor 1979; Wilcovc rt d. 
IOXC,: Verrier I9XO: Opdarrr Ic)c)l: Hcll;uuy (it (11" 19971. This may l imi t  tlic ;rpplicahility 0 1  ihe 
lindings to oilier 1;tx;t arid lialilals. 

Kcceiii tlieorelical tlevr~lopmeiits arc also suljcct to prohlcms. For cxiunplc tlic applicatioii of 
Ixictapi)pulatioi7 thcory by  Wilcove or  ( I / .  ( 1086) depeiitls upon parlicular assumptions : h u t  the 
iiicidaicc 01 spccics with isolaliori or are:\ arid igriores liahilal diversity, ruid Iheir rnorlel does not 
iIp1XiIr lo have hccn testctl against delxtrlures lrorn lhesc assurnplioris. J l  is strange lhereforc to lint1 
rcccnt piipcrs (~oldstcin-C~ol~lirlg 199 I ; Hanis Kr. Sclieck 190 1 )  repeatirig essentially the siiriic 
rccommentlations lor reservc tlcsigii ;is werc promulgated ill thc carly 70s, williout adcquate relereiice 
to the critical rc-exruniriatiori ;iiiCi rcli~ic~ncnt these criteria have rcccivcd in thc last 20 years. 

Sucli prohleins as arc discussed in the preceding paragrrtphs ~iieaii ilia1 studies afid recotiimeiidations 
rcquirc critical cxmiination, hul ihis does i iol  m a i i  Ilia1 gerieral priiiciples are willioul utiliiy. Such 
priiiciplcs, cveii if imprecise, arc ol relevruice 10 the design o f  reserves now, hefore the cnrnplelioii ol 
the irmltiludc of autccological st utlics (hat would he required lo provide tlelailetl recorriineiirl~ttions for 
all spccics o f  co~iccrii in a l l  possihle hahilats (Slufer 1000, Souk KL Gilpiri ~ W l :  Merrim 1901 h). 
Hohhs iuid Hopkins ( 190 I )  reach ;i similar coiiclusion iri Ihc contcxt o f  gloh;il wanniirg. The poiril 
is whcthcr rlesigri principle:, are soundly hiiscd, rather than wlicthcr they give iuiy particular prccisioti. 
The rcvicw, Iherelore coiicciitratcs on criticism of the applicahility of tlic thcorctical ruodcls ratlicr 
than tlic precision o l  heir  estiIriales. 




