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SUMMARY 

A critical review w;is carried out 01- llie llieorelical hiisis aiid cmpirical cvidcncc for ;t lunclion of 
hiihitiii corritlors which enahlcs species of iuiirn:ils or plaiits lo IIIOVC to, iind thrivc in. places wlicrc 
llicy otherwise iniglir i i o l  do so. 

C'orridor tlleory has hccri ~lcvelopcd 11s PiitZ ot ;I general consirleratioii of  lragirierited Iiahilalj a i i d  

rect'iit work has hccn in relatiori to int:t;rpopulation theory m l  Iuitlscape ecology. Other iirrporlairl 
t1icorctic:il precursors liavc hccn nichc, source antl sink, Iiomc ra~rgc and ccntral placc foraging 
theories. Mosl ol ilie Ilreones arc foundcd in populalinii ecology, but geiietic thccirics arc playing ;U] 

incrcwing role. 

h. t t ~ ~ ~ ~ ~ x  _ _  ,.. to drspcts:tl. The Iuiictioii was first suggestcrl Irolri is1:tiid hiogeograpliic thcoty, hut rnost 

Tlicrc is ;I very suhslaiilirrl hody of research suggcsling this conduil lurictioii of corritlors, and some 
suggcstiiig circurrislaims whcrc i t  does not apply, hut litlle o f  it coiiies m a r  to niccting the l i m i a l  
requirements ol. hypoll~csis tcsliiig; many of Ihc liiitlingx we cottsisteiil with rtltcniatrvc cxplanatioiis, 
antl [lie few cowlusivc studies conlinn ;L C O I ~ ~ ~ J I ~  r i t i ~ l i ~ ~ i  in ;i limitcd riuigc of  circumstances. 
Suggeslioris arc madc to rernetly Ihe paucily ol: good work. 

The sltirlics show Ihat corridors: 

I .  Somctimcs allow individual ;iriiix\als to survive hy allowing them ;tcccss to sullicicril hal?ilal 
to i i icct lhcir neetls; 

2. May Irlitintiiin populations 0 1  soine ariiirial aiitl pl;oil specics hy rcplcriisluncnt; l-rowcvcr, niosl 
specics prohaihly either l a i l  to usc ;i corridor or ciin cross thc gaps hctwccii patches of Iuhi ta t  
:idequately without its aid; ruitl 

11 is tlouhtliil whether good corridors caii he found in m i U I y  gcograipliic rcgions to iillow scnsitivc 
specics lo iiiovc in rcsporise to global wannilig. The idca that a network of small corridors cnahlcs 
Iii~'gc-~ciilc ~iiovciiieril is :L(tr;Lctivc hut untcstcd. 

Decisions oil the allocation of land and rcsources cuirioi await 11ie cornpletiori of' the rriariy citreful 
studies fha( would hc rcquircd to conlirm the conduit luiiciioii ;icross ;I uscl'ul nuigc of circuiristairccs. 
Kccorriineiitlatioris arc thcrcforc m:itlc on {lie basis of tlic 17resciit limitcd knowlcdgc: 

1.  Conitlors should he preserved, enharicetl ;iiid providcd, whcrc this c;ui hc cost-cffcctivc, its 
they tic) pcrinit certain species to tlirive wlicrc thcy othcrwisc would not; 

2" Corridors slrould he as widc and continuous :is possible; m t l  

3. Their hahital should match tlic rcquirerrierits o f  Ihe largget specics. 



IJrilorluiJalcly the puhlications on lhis suhjecl :ire I I U I I ~ C ~ ~ U S ,  Sciiff er-cd and disparate, so [lie review is 
long iuid heavy-going i i i  placcs, aiid the conclusions limited. Suggestion:, are iriatle lor furlher research. 
Thaw wlio arc hiippy to accept tlic scientilic reasoiiiiig will liiid thc iiitroduclioti w d  conclusions will 
irieel llieir needs. Tlic main part ol the review is divided irito two parts. First, is the thcorctic;tl liasis 
for corridor rccommcridati~)ns. Second, is it critical exairiiriatioii o f  thcsc thcories iuid tlic cnipirical 
st utlies that he;rr u p o ~  thcm. 

A parallel review “Liltear- fciiturcs. Linear hithitats and wiltllil‘c corridors” (Spellerherg KL C;:~ywoorl 
1997) covers a wider topic. 11 was prcparcd hcforc this one axid was it valuable starting poinl for il. 

The coiir:cpl 01 hahitat corridors to enable itiiitnals arid plaiils to cross iiiliospilahle harriers, iiiitl Irc1ice 
lo survive where they otherwise iriiglil 1101 do so, has Ii;ul great currency in the last 20 years. A vcry 
Iiirgc numhcr of pulilishctl works 1iavc advocated thc retention o r  crcation of such links (I)i;unontl 
1074, lY7S; Wilson k Willis 1975; Diarnorid & May 107h; Fonriaii Kr Goclrori 1981; Noss 19x3; 
Willig Kr. Schreihcr 19x3; Bridgcwalcr 1987; Burgmui, Alicakaya KL Loew 1088; Arl:uns & Lhvc  
1989; Sauiiders KL Hohhs 1989; Grove KL Schemieister 1990; Monre 199 1 : Europe:w Economic 
Comrnuriity 1992). Early practice was rcvicwcd hy IYarris ;uwl Schcck (1901); see also ~~~~~~w~~~ 
(1075). 

The interest in corridors itrises i i i  piirt from coiiccni that natural hahitats arc hcing depleted, fragmentctl 
~ i t l  isolalctf froin each otlicr (Moorc 1962; Diamond 1975; Dliunond KL May 1076: Matlcr 19x4; 
Wilcovc, MclAlaii  Kr. Dohson 1Wh;  Noss 19x7: C)pdarn 1090; Wehb 1993; Peterken 1993); that the 
links hctweeii thcm arc hcing lost (I-loopcr 197 I ) ;  the separatioti o f  the fragirieiits is iiicreasing 
(Wilcnvc C I  d. 1 9 X O )  :uid t l u l  this lcatls to the cxtinvtion of spccics and ;i reduction in hiodivcrsily 
(Noss 1981; Kohhins (11 111. 1087; C~oltlslei~r-C~ol~lii~~ IW 1; Harris & Sclicck 1991). 

More recently thcrc has liceii wiriespread coiiceni over- tlic elfccts of predicted glohiil wanriiiig o i l  

animals and plmt s. The 1.m Ilia1 Inally spccics miiy Iiccomc trapped aid die in isolatcd natural iircas 
i i s  wanning lliakcs lheir eiiviroiiirwit uiisuitalile hits renewed the interest in corridors (Wilcox 1980; 
Peters KL I>arling 1085; Pelers 19x8; Grove Kr. Sclicri~icistcr lCl9O; Warren Kr. Kcy 1991; Moorc 1991; 
IIohhs Kr I-lopkiiis 101) 1 ) .  

Thcsc idcas arc lritughl willi tli llicult y, hcc;uisc mimy practitioners have adopted ideas that have liccii 
hasctl iuorc OII theoretical rcwoiiing lliiiii 011  ciripiricd r-csciircll. Dcspitc this unccrtai~ tiasis, somc 
ol’ tlicsc idcas have hccn very popular (Harris t;L Schcck 19‘4 I ) and h;ivc iippciircd iii the IrJosl 
prestigious puhlications (IIJCN 19x0). However papers that have criticised tlic concept (Hclliwcll 
1975; Simhcrloff KL Cox 10x7) liave lcd otlicrs to conclude that it iiiay have no basis. 

Pwpose of this review 

This rcview atleiripts to find what i s  wcll-louritled, aiitl 10 extrapolate reasoiilhly Uroni existing 
knowlctlge willrout huilding on unsound l\)undatiow. The Ilieorelic:d hasis lor suggwling thal 
lerrcsli*i;il Xliihitiit corridors nirty act as coritluits aiid tlic cmpirical cvidcncc for this is tcvicwcd. 



The rwiew is solely on the coiicepl of Iiahitat corridors ;is conduits (BcnIictt 1990; Forrnari I 0 0  1 ; 
F'elerkeii 1 W?). These have also hem called "travel corridors" (Sohiison & Beck I9W,  "hiolic 
corridors" (Spcllcrberg I 9X9) wit1 "movcmcnt corridors" (Merrim 109 1 h). Corridors may, and (10, 
SCI-VC acsthelic, rccrealioiial and other function:, (Fonri:ui Kr Gociroii I9XO; Nosu IW7: E'onriaii Ke 
Moorc 1990; Low I99 I ; Fonrrari I99 I ;  Hohhs i 992: Spcllerherg Kr Gaywood I 997), : ~ i i d  they inay 
deserve rccogrii(ioii as elongated patches of hahitat reg:irtllcss 0 1  :uiy coiiriectiiig furictioli (Atlairis ii;L 
Gcis IW3; Amoltl 19x1; Oshoumc l9X4; Fomirui Kr Godroil 19Xh: Sirriberloff & Cox 1087: Nc 
19x7; Ar1:uns KL Dove 1989; Lynch &L Saundcrs I W 1; Merriiun 190 I h, "liahilal corridors"). 

The cvidciicc for hcncficial corridor efl'ecls is cxruriiticd critically. 7'11is is ncccssary for two TC;WIIS: 

1. Tlic iiegalive eflkcls of corridors could comccivahly outwcigh the positive (Simlm-Ioff iyL Cox 
19X7), and 

The purposes of corridors 

Corridors Iiavc hecn :dvocated for five differing purposes. all of which rcquirc thcm lo proiriole 
movcmcnt . 

1.  They :illow ;i specics o i ~  ii single hahitatt patch to hc savcd from, or to rccolonisc alter, local 
exlinclioii (I)iainoird Kr. May 1976; Fonnan & Godron I98 1; A ~ ~ U I I S  & Dovc 1989; H c r i i ~ i l  
1990; Souk k Gilpin I 99 1 ; Mcrriam 199 11); IIohhs 1902). This is called "rcco1oiiis;ition" 
hc 1 0  w. 

2. They :ire seeii :is penriilliiig an iiidivitlual inohilc ii11iilIilJ to find the iicccssary rriiiiiiriuiri 
quiuitity of hrthilal for irs exislelice i i i  lwo or more corniccted palches wliere ;i sirigle isolated 
patch would he too siri:ill (Sullivari & Shaf'er Y 975; Fonnan & Godroii 108 I ; Siiriherloll KL 
Cbx 19x7; Goltlsleiri-C;olrliiig I99 1 : Merrialra 199 I a, I99 I h; Hobhs 1992j. This is called "sire 
Il1rcshold" hclow. 

3. Migratory animals may use corridors to l'ricililale their regular, scasonal movernent iwtwccn 
pl;rces whcrc they reside (Ar1:uns KL Dove I9X9: Meiiiain I99 I h; Hnhhs 1902). 

4. l'hcy may provide a iiic;uis to escape tlie eflecls o f  glohal wanriiiig (see above). 

Tliesc purposes rcyuirc corridors a1 a vaiiety 01 sp&l scales (Figure I j. 

Some of the arnhigui(y i i i  [lie lilcraturc stems from ;I confusion of, or grouping togcthcr of, tlicsc 
scpar;tlc functions. For exainple. ;L Icxlhook hy Fonniui and Gorlron ( 1986) dcscrihes a conduit 
function hul docs riot tlistiiiguish Ixtwccn these purposcs. Most of thc lilcraturc on corritlors has hecn 
on tlie recoloiiisalioii iunction, ml so too is inosl ol I l i i \  rcvicw. 
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' 1 ' 1 ~  rcvicw also 1i)cuses largely on population utlicr 11wi genetic proc es. This is again because 
most ol' the work lias hccn on the presence or ahseiice, or sittiple ciiuiricratioii, o i  orgariisins, ralher 
thm tfic ~riore detailed work required hy gcrielic slutfies. 'I'lieoretically, if' populatiot-is becolrie 1 0 0  
S~~iitll they 111:iy ~ul'fer- ilicrciiscd liomozygosity, genetic clrill, irihreecliiig clepressioii arid a lesseiied 
ahility to :idapt, all of which r:ould he rcducerl by ~noverrieril :tlnrig corritlors (Souk KL Sirnherloff 
1986; Noss 19x7). Howcvcr, if previously isolaled. viable populatioris are hrouglii itito conlacl hy 
corridors they may suller outhrccding depression iuirl loss of  :.itlaplation (Ternplelon 19x7; Sirnherloll' 
k Cox 19x7). In practicc V i i h l C  populaticrn sixes for sunwiv:\l ariay he sirriilar wlteiher one connsiders 
populatioii or genetic proccsscs and thc cmipirical resuli, ol' Xocal survival or extitictiorn, i s  co1111mm 10 
lire Xwo p'occsscs. 

There is :i distiliction hctwccn the rquirernetits of ;tii iiitlivit1u:il species :uid those of i t  whole 
1:txonomic group. At oiic cxtrciric tlicrc ;trc siudics that exiirriinc species ricliricss only and ;ii 11ic olhcr 
;ire sludics 0 1  llie requir-etrieiits of individual species. Mauiy papcrs deal with ;tii intcrriicrlialc situation: 
trc:tting rare iu1d ilireale~ictl spccics as a group (Noss 19X1) o r  analysing hahitat SJXXiitliStS o n l y  
(Opdam IOOl  ). 

Clarification of terms 

Thcrc is sonic smiruitic coiilusiori in Ihe literature over inoveirieiit. "Z>ispersal" is used for rriovement 
away from Ihc place where a11 orgaiiism's parcnfs WCIC to hc ioiind (dcn Bocr 1990) and "inigralioii" 
lor regularly rcpcalcd (usually seasonal) tnovr~nerit herweerr pltrccs ol residelice ant! hack again. 
Some insects, however, do ~io i  show the reluni iriovcirIcIii. I t  is clear llial o ~ l y  iriolile orga1iism 1:tw 

;i clioicc Ixtwccn staying where Ihey were horri (pltilopatry) aiitl irioviiig ewhere (Macdonald Kr 
Smith 1990) and that this choice is riot available 10 p1a1ih iuid iriatiy aessile :uiim:tls, lor wliich at i h  

only propagulcs (scedc, lragrnenls o r  passive planktoil) that disperse 11*oiri llie parerit. AnirrraW:, thitl 
drift in the wind o r  have poor powers ol Cliglri ofteix dispcrsc filrtlier lliaii tliose will1 good powers ol 
1 lighl (rleri Boer I WO). Thus some orgiinis1lis choose to use corridors iuId others chiucc to tlo SO. 

The term "wiltllifc" corridor is :m)idcd ill this rcvicw hccausc it is defit-incd so differently in  tliflerenl 
places. To most North Arriericaiis, for cxainplc, i t  includes vcrtchridc aiiimals, hut riot iiivertehrales 
or plants. Australiaris iiiclude hoth flora ;urd fiiuuna (Watsori Iclcll ). 

Most 0 1  llit: work on corriclors has hccn 011 linciir hithititt strips, like hcdgcrows (FOIIGU~ & Gotlro~i 
19XO: Adairis CG. Dovc IclX9). Most dclinitioris ol thc word "corridor" (lor cxauriplc those ill various 
dtrrpicrs of Siiulidcrs Kr. Hohhs 109 1 a) require ttiern 10 Ilc holh ii;irrow :ind coiiiiect hahiiai patches. 
'Tliis revicw, liowcvcr, includes all situalions where the links arc thiriner or poorer Ihari lhc pieces they 

Sseirillkula I9X I lor "dispersal itrcits"), and d i m  not require thcrn l o  have a dcstin;ttion. A corridor 
CUI lead aiiiiriiils ;urd JJliultS into its Icnglli even wlicre thcrc is no larger hahitail patch at its end 
(Hendcrson ct d. 19X.5). 

~0111icct (as do FOHIIXI & Godt.oll 108 1 ;uid Merri:un 1W l i t ,  199 lh, itlid see itlstt WcstcIII Kr. 

Corridors arc us~iilly considcrctl rogether with palches of  Iiabilat. These palclies may he little larger 
tlim the corridors, which may therelore eflcctively inake severdl palcltes inlo o x  (Noss IOX7), or they 
may dwarf them (Figure 2). 
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Thcrc is a related coricept of' "stepping stories" (MacArthur KL Wilsori 1967; Hooper 1971; Gilpin 
19x0; Burel 1'389), which suggests that rrrovernerit across a harrier ~riay be L'acililaled by "islands" of 
suit:ihle hahita1 in the unsuitahle matrix of the barrier. This conccpt is included ill  the review as, at 
soiiie level 0 1  detail, many so called corridors rrtay lack total continuily of suitable habitat (Lyle CYL 
Quiriri 1991; Merriani IWlb);  a possible route through suitable hihitat may entail mall  gaps. 11 is 
also clear tlial corridors do nut iiecd to leid in any particular dircction uid may link up in a complex 
iietwork (Fonxmi 6L Godron 198 1). 
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'I'HF: ?'HEOIZY 

Niche and hitbititt theory in relation to cot-riclors 

I t  slioulrl he realisecl tliat plclics of halitat ;IS pcrccivcd hy pcoplc ("hiotopc patchcs". Wchh 1991) 
m a y  Ire either Iwgcr or slriiillcr t h a ~  tliosc whcrc different spccics find their niche. Spccics willi 
special requireiiieiils inary I3c confined to oiic small part of ;t hiotopc patch iuid thosc with hroad 
reciuireineiils i i iay fillcl scvcral biotopc patches comprisc their hahit at p:itcli. Throughout this rcvicw 
l i r e  Iiiihitat patchcs itre iiic:irit in the serise o f  11ie species' Iiiclie, rallier Iliail IMolope palcli, hut :t 

confusioii of the two cxisls iii soiiie publisliecl sludics. 

Niche Ilieory is liindamcntal to all rcasoning 011 corridors, as other theories require Ilia1 some areas arc 
suilahle Iiabitat for ;i spccics while othcrs inay he such poor habital ;is 10 coristilule harriers to 
moverneiil or tlispcrsiil. The key point is that the corridors ~ n u s l  enable 11iovei1iefil lrorn one suitable 
hahital pal cl^ to iitiotlicr; in some cases this tnay involve successful reprorlucliori alorig (he lerigth of 
the corridor (ollcri, li:)r exatxiple. iri higher plants, Burcl 19X9), hut also in otlicr taxa (Hcndcrson Pt 
NI. 19XS; Beiitiett I W)). 111 other citscs the corridor enables inovernenf only, ruid reproduction occurs 
in the hal?ilal p:rtcll~s (McrriiuIi I99 1 a). 

The corritlors of Ihis rcvicw itrC thcrclore habilal conidors. 

The theory of isliilid liogcograpliy deals willi prrlclies of hahilat on a large, eveii a coiiliiierital, scale. 
According to this theory, ;I p;ilcli of Iiahitatt (or "island") will hold iiiorc spccics if it is near to ;I sourcc 
of possihlc coloiiisls (ollier palclics, or the 'mainland') ;tnd i f  it is large, than il i t  is (listatit o r  small. 

1 1  



Mac Artliur iuid Wilsori ( I Oh3, 1907) dcscrihcd xi cquilihrium theory of "isluid hiogcography" to 
provide itii cxpl:ui:tliori o f  two cmpirical hiogcographic trends. The first is the well cslaldisbcd 
re1;itionsIiip hctwccn the size 01. [lie arm studied (A) and the numhcr of species (s) of ;i piu-ticular 
ariiirial or plaril group to he found in il  (F'resloti 3902: reviewed b y  McGuiliri 1084); they Inoclelletl 
thc relalioriship hetwccn the two and rlcscrihed il hy  he eqii:ilioii: 

wherc 17 and k arc empirical constmts, thc 
latter less lliarr oiic. This rclationship is a curve, S r n  which {lie xiurrnher ol' species iiicr(~c:ascs rapidly wit11 
incrcasing area 3 1  I'irsl hul rriucli morc silowl y latcr. Thc cuwc hccora~s i t  straight line if piorcctl on 
logarillnrlic iixcs (Figure 3). 

k s = ha * 

Tlic secoiitl hiogeographic trend is that isliuid 1:iulias hecorne progressively "irnpoverislietl" (have lcwer 
species t l iai i  ;iii cquivalcnt ;irc;i of mainland) will1 (1isl:uicc lrorri the nearest lruirl inass (Figure 7 :  M:iyr 
1940: F'resloii I OhO; Moore 1962). 

Rclirrc MtlcArltiur arid Wilsori, onc cxphliition for rcmotc patches having fcwcr specics than mcr o i ~ s  
was l1i:il Iliere liacl hecir irisufllcicnt time for the spccics to colonisc the patch; given cnough time, tlie 
rernole places would till up a s  much as w a r  ones. The numhcr of  iicw immigrants should rlccrcxsc 
3s (lie i i u i r i h c r  o f  species already on the palcli increased. MacAiIhur and Wilson added second 
process to the theory: cxtinclion 0 1  eslahlished species. The wir iher  o f  eslahlished species going 
extiricl 011 Ihc island should increase, thc ~iiorc species wcrc ~Wicrc, 

The fuiidriirierrtal prediction of the modcl is that the riumlxr of sllecics fo he found on ;I patch of 
liahital rcllecls iiri equilihriuixi hctwccn tlicsc two proccsscs; tlic cquilihrium corns ahout hec;tuse, 
whe ti fewcr 1 lrat i tlre cquil ihrium numhcr itre present , imiii igriuit s should outnumhcr cxtincti ot i s  a1 id 
vice versa. Exlirictioris itre lower on iui cquivalcnt area of "mainland source" simply hcciiuse i t  i s  riof 
isolatcd from tlic surrounding hahitlit; its irnrnigration rafc is highcr uid somc of its species ;u*c 
riiaintainctl by this surrouittlitig hahiltit (Prcsloii lCI62). 

This 1 lieory ci111 'cxplain' thc spccics-area iuid species-rlistiuicc relationships if i t  c;in hc showix lira1 
tterrr piildics do Iiavc ;i grcatcr rate of immigration than 1 ar ones ruid that siiiitll patches 1i:tvc ;I greater 
rate o f  exliiiclioii lhaii hrgc oncs (Figure 4). It also accounts tor ;i stccpcr species-area cuwc llie 
grcaler Ihc isolalioii of the Iiahitat patches (Diamond Kr. May 1976). MacArtiiur and Wilsoii ( 1907) 
cxtcntlctl the Ihcory to (lie silualioii whcrc ;i "stcppiiig stone" patch cilhaiiccs the nnmigraliori rale of  
species Iroiri a sourcc to ;i targct patch licyond the stepping stone. "..cvcn minute islands (steppirig 
s l o t ~ s )  cii11 significantly cnliancc biotic excliangc provitlcd Ihey are able lo supporl populations of the 
species i i i  l l io Iirsl place". This is tlie lirst theoretical Irerttrnrnl 01 a cotidor proposition. 

MacAtlliur aiitl Wilsoii rrracdc several other dctailcd predictions from the model, hiit for our purposcs 
only thrcc ;ire rclcv:uil, lliere is: 

I .  ;I cliancc fluctuatiori ahoul (he equilihriurri; 

2. it turnovcr ol. species as soinc go extinct and others rcplacc them its immigrants; and 

3. if it 1 J i t C h  is not at cc~uilihtiuin il will lake t i i r i e  10 rctunt ("relax", Uiriinuiid 1972) lo a new 
equi 1 i hrium. 
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Tri ;L suhscqucnt modiiicalirm of tlic theory, aritiuipatctl hy Preston (1962) and  Wilson ;tnd Willis 
( 1975), Brown and Kodric-Hrown 1977) clescrihcd a “rcscuc ellect” wherchy cxiinction is less likely 
o i l  m:tr palclies tlian OH frir ones, hecausc rccurrcni imrnigr:itiori hoosis ilie eerie pool and population 
0 1 .  species already there. This elahoratioii increases thc cffeci 0 1  isolation 0 1 1  species richness. Sorrie 
animal cornrrzuriities, like Brown arid Kodric-Brown’s ar-rhropods on tliisfles arid Ilsh 0 1 1  coral reel 
p:ilches (Molles 197X), arc maintained vcry largcily by colirnisation 1rc.m cxremal sources. 

A special casc of the MacArlliur-Wilson theory was first uscd hy Brown (1c)71) ii11d dcvcloped hy 
Diaroorid (1974); this cxtenrletl the application to :I suhsct of species that they considcred caririot cross 
llie gaps, sir no tlislarice cffects ohservcd. Hcrc one is conccnicrl with cxtirictiori, ;IS in the 
MacArthur-Wilson i~iodel, but  hy definitiori fio new species of this kiiid arrive. Tlic situation i b  one 
0 1  disequilihrium: ;I slow approach iowards extirictlon 0 1  all sucli species (Figure 4). 

li’i@lre 4 According lo M:tcArthur KL Wilson (1067) the riurnhcr of specics on ;I palch of’ 1iahit:il 
at cquilihriurn is givm by the intersection ol’ curvcs describing tlic nltes at which 
spccics iinrriigrate and go extinct theree. Immigralion is affcctetl hy  the isolalion of the 
patch and cxtiriclion hy irs area. The biotic collilpse thcory is h i  natural luhitats ( A )  
hat1 many species, hut thal hakital fragmcntatiori reduced the a m  of parches in id  

isolated them (arrows), s o  that a iicw lower equilibrium numher of species (€3 or C) 
is approachcrl. Kelaxation (Diamond 1972) is the approach over timc to this 
cquilibriurn. In the exlrciiic case of biotic collapsc the irnmigritiorl rate is zero a r t d  lhc 
cquilibrium numher is therefore also zero (D). 
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That ;ui equilihriuin hctwccn imrnigratiori and exliiiclioli does occur is very dillicull to deirioiislrare 
(Rurgma~i (it crl. 19x8) hut cxpcrimcnts, such as tliosc o f  Simherloff ( 1976) o i l  inangrove isl:iiitls a i d  
Strong &L riey ( 1982) o 1 1  saltmarsh islands oif Floritla. coinr closc to :I ~frInoiistratiori 01 the rnodcil 
(C;ilhcr? Wc180). 

The Iheory tlciils with "ccologically uriilonn areas". 'I'liis is the iiriportatit assuinpiori o f  1iaI-da1 
hornogeneily IlliIl is discussed hirlhcr hclow. 

Patches of habitat 

'I'llesc i>iitclICS h:tvc variously I w c ~ ~  le~~ried "liahitat islaiicis" (PICS~OIJ 1 W12; J ; M ~ X I I  1968: Siiriherlol R 
1974; 1)i;unond Kr May 1076; Tcrhorgli & Wiiiter 1 0 X O ;  Wehh &, Hopkiiis IOX4; Wilcove of crl 1Wh). 
"viilual islands" (Diamond 1974; 1975; Diainoiicl B May 107h), "ilisular relugia" (Terhorgli 1 Y74), 
"lrmcstrinl islands" ( C h l l i  vt ( I / .  1976). "islaid-like ecological criclaves" (Myers 1070), "isolalcs" 
(Wilcox ( 19XO), "lrapientecl rerniiaiits" (Terhorgh Kr. Wiiitcr 1 WO) aid "1'CtI~l~iiIits" (Saurltlers t" U / +  

19X7h). They are called "patchcs" of hahitat in this rcvicw to avoid confusion with ;tctual isluids; lliis 
is also the lenniiiology advocalcd hy Fomim c(L Godron (198 I )  for landscape ccology imd Hmski  Kr 
Gilpin ( 1  (30 1 )  iii  Iheir review ol' inctapopulatioi~ idcas. Simhcrloff's ( 1974) description of thein relates 
them clcarly to niche theory: 

Ally patch of hahitat i s o h t e d  froin similar lial?il;tt hy differeril, relatively inhospitahlc 
tcrrain traversed only wiih tlillicully hy organism ol' the hrihit at patch may he 
considcrcd an island; iri this serise much of the biotic world is insular, l0r hahitats arc 
olte11 I ~ O I  h)lri(:)geileous hul ra t tcr  iirc ;irr;ingcd ;IS pat~hes iii ;i i:r;izy quilt. 

F'restoii ( 1002) tlescrilictl thc populations inhahiting such hahitat ptchcs ;is "isolates" in contrast to 
the "sainples" h r n  tlic rcgioiial illorit o r  fitunit that ;Uc found wlicrc dispersal hctwceii patches i s  casy. 
There the iiurrihcr of spccics dccrcascs also ;is smaller samplcs itre considered, hut at ii slowcr rate tliaii 

lor isolates. 

It was this extension hcyond islands tliatt was used by Hooper (1071), Diarnontl (1971, 1974, 1975), 
Willis (1974), Kolata (1974), Terhorgli (1074, 1(375), Fleiriirig (1(175), Wilson ruid Willis (1975), 
Fonriaii r'f NI. ( I97h), ind Iiclliwcll ( 1976a'), when they developed :ui application of Ilic theory to tlic 
clcsi gn o I hi0 1 ( )g ic a1 rcsc rvcs , 

..the to t i t l  itrC;t occupicd hy natural hahitats arid hy species :~dvcrscly ailcctcd by  man 
is sliriiikiiig :LI tlic cxpcnsc of ;irc;i ciccupiccl hy  mar-r-made hahitats and by species 
hcncfitctl hy i1iaii. Second, lonrierly coiitiliuous ~ialural 1i;ditats illid distrihutioiial 
riuigcs of ~~ian-ii i toler~ii~ specics arc heilrg lragrrieiited into tlisjiiiict picccs. If  oiie 
itpplics the islaiirl inetaphor to iiatural liahitats aiid to rn~ui-ir~tolerarit species, islaricl 
areas are sliriikirig, arid large islands arc heing hrokcn into archipelagoes of small 
isliilids (Diamond 1974). 



The assurnptiori was that ~ C S C ~ V C S ,  iuid other palches, were uiiilonrrly iriucln Rxtfcr fllian tlnc Ihalhiiaa 
hctwccn thcm, ic Ihat thcy wcrc 1i:ihilar isl:uid\ in  the sciisc of Simhcrloff ( 1c174). Foiilowing 
MacAr-thur m l  Wilsoii tlicy acknowledged that thc hahil at coniposition of the reserves woulc~ iiillueiicc 
llicir spccics richness hul. a1 leas1 at first. considcrcd 1i;thitat to have a Inirior irilluerice iri corrip:irisom 
with thc :trc:i 0 1  [lie l>iltch ppr Lit' (Diamond 1973). 

Sorlic iluthors (cg Vcriier I OXO; Spcllerhcrg 1989; Rcllamy rt ( i / .  1991) wrongly contcndcd that 
M;rcA~Il~ur Kr Wilsoxi's ( 1007) i l l m y  ;rppliccl to the cxtrcmc liahitat diffcrcnccs to hc lound hctwccn 
tcrrcstrial islands :trid t t i e  wirtcr of occ;iiis m d  thus should riol he applied lo tuhitai palclics. 

Hi o t ic CO I I it pse 

Diarnoiitl ( 1972) and Tcrhorgli ( 1O7S) sludietl hirtls o i l  oceariic islruitls tliat were cut o f f  lrorn the 
niaiiiluitl :ts sea lcvcls rosc :iilcr the lasl g1aci:ttion aiid coricluded Ilia1 relaxatioii to a lower iiurriher 
ol spccics was still i i i  progrcss (sec also Wilcox &L Murpliy 1985). They consitleretl that 1x)lli thcsc 
lauid Ivitlge islaiitis ai~d rcccntly fritglilclitcd tcrrcstrial hahittits were in a slate of disequilihriurri its ;t 

rcsult ol tlic drastic lowcring 0 1  iriiriiigr~linn rates. 11' this is so, it lollows lliat r r m y  species will go 
cxtinct hefore ;t iicw lower cquilihriutxr iiuirihcr i s  rcnchcd. 

Application of the biotic collapse theory 

This applicatioir of tlic tlicory to patches of tcrrcstri:d hahitat also involved iui cxtcnsion of tlic 1-hcory 
of steppiiig stoiies to corridors. Corridors wcrc advocatcd hccausc, af I w t ,  thcy could link togcthcr 
severit1 s~riall aI*CilS into one large one, and at worst thcy would pcrlimri the siuric function its stepping 
stories, or close placcuicnt of patches, in promoting imiiiigration. Thc final cquilihriurii numhcr of 
species would Ix highcr than in thc ahscncc of col-rirlors a id  relaxation to i t  would he slowcr 
(Figure 5) .  

According to Diaiiioiitl (1974) the tlrcory lcads to four critcria for rcscrvc dcsign (Figurc 6): 

1. large palclies will conserve iiiorc spccics than small oncs; as it general mlc it 90% reduction 
in xc:t will cause a lidving of the spccics coiriplcmcnt (as first suggcstcd h y  Preston 1962); 

2. tlic S;IIIIC total area of Iioinogerieous 11ihitat will coiiscllrc more species if it is in one large 
palcli rathcr tliiui scvcral sinall oiies ([lie "SIXISS" quest ion, I'roni siiiglc large or several 
Slll  i l l  1); 

3 .  thc s i m e  tofal ;tre:t of Ixornogcncous hihitit will conscivc more spccics if thc patchcs arc closc 
logetlier, o r  liiikcd with corridors or stepping stones, tliui i l  lhey are ktr :ipart or not linked; 
:uid 

4. ;I single palcli o f  givcii s i x  will conscrvc iiiorc spccics il' it is compwt Ihrui i l  it is clongatc 
(this is to iriiiiiiriise llic "pctii~isulitr cffcct". Di:iriiond Kr May 1070). 
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Isliiild tiiogcogritphic theory siiould Iic most :ippiicahle whcrc thcrc is :i clcar contrast hctwccn thc 
hahitat patchcs ('islands') arid tlic matrix ('sea') iri which thcy arc found (Jolnson 1975; Dliunond 
I 98 I ; Kiirr 19824. and where the spccics consiriereti are rcstt-ictcd to those that ;ire monnally cnniimcd 
to the hahitat 0 1  the patches atid cio not readily cross thc rriatiix (Kitchener I O U ;  Matfer 1984; Usher 
100 I ), 

While the rcscrvc design criteria :U% expressctf in  tcnns of spccics richness, the p i n e  iriteresl was in 
coriscrving rm o r  thrcaterietl species and the authors argucd that rich assemblages o f  species wcrc 
most likely 10 have such spccics. Criterion 3 has hecn rnosl cited hy those advocating the creation or 
reteiition of corridors, altliougii 1 he olher threc criteria are also rclevmt. The set of criteria are relared 
in that they rely upon just five propositions: hitrricrs to dispersal. size cffccts, relaxation, scnsitivc 
species aid thc pcninsular cffcct. 

Figure S If a corridor increases thc immigration rate to 3 patch of hahitat, tXic nurnher of 
species relaxes to ;i new higher equilihriurri ( i t  gocs lrom A to E). 
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Jsc)liitioll and harriers to dispersal 

Isolation is seen as reducing the irnrnigration rate and hence the equilibrium number 01' species. In 
particular. the lower the imrnigralion rate the greater the selcctivc loss of h e  serisitivc spccics 
(Diamond tk May 197h), b o  corridors, hy increasing the imrnigr;ition rm. may allow sensitive species 
to recoloriisc (Tcrtiorgh 1975). Simhcrlof f aiitl Cox ( 19x7) also pointed out that corridors should lower 
the extinction r;itc, tfirough thc opcratiori of  the rescue eilecl. 

Most proporielits of corridors seem to iissuiiie that they facilitate rnovement betwccn patches, hut not 
sutticientl y to muke several patches into one. This partial independence of patches may have a 
theoretical adviuitilge for the survival oi' populalioiis in inctapnpulaliori theory, in comparison with 
cithcr a single Iiirgc patch or  several disconnected piitches (see helow). 



Suggestions that cerlaiii laxa CiiJIrlOl cross the present-thy gaps 17ct wecii their hahilat pafches have hccn 
niadc lor soiiic li~~tt1i1aiid aiiiirials (Moorc 1962), woodland ground Ilora (IIoopcr 107 1). "horcal" smaJ1 
iiimifiials (Brown 107 I ) ,  poorly fliglitcd hirds (Ouellct lOh7), and many rropical Jorest bird spccics 
(Tliaixiond I c174). 

Barriers m:ty work i n  two ways: :I spccics may not he ahlc to survivc the passage across it; or iui 

anim:il may 1i:tve llie abilily lo cross the barrier, lwl hcliaviourrtl tactors incan that i t  docs not do so- 
Diamond ( 1974) aid Sauiiders ( IOW) provided cxamplcs of birds, in the tropics iuid Australia 
rcspcctivcly, that wcrc believed lo kill williiil this 1;itIct. category. cieri Boer (1990) coriclucied t1i:tt 
slrong-llyiiig :rr?hropods siriiilarly choose no1 to disperse. 

C'orridors iirc uiincccss;rIy wlicrc therc is 1 1 0  I?arrier to dispersal (Mer+riarir 190 I a). 
dcmonstration 01 a harrier is i i o l  prool' llial :I putativc corridor will he eflecrive as a conduit. 

Howcvcr 

L:ir.qe vrrsus small siiiElc patches 

Pickctt and Thompson ( 1078) tlevelopeti ;I llieory wliicli helps to rrccouiil for I1 griilicarice of area 
by relaxing tlie Iiahilal Iiorriogeriei(y assumpliori (scc also dcll How I WO). Tti Iieory is rel:tlerJ to 
Wchh's (199 3 )  tlistiricliori o f  hiolope ruitl Iiahitat patchcs. Each hiotope patch may consist o l  hahitat 
patchcs, within each of which :t species riiay g o  exlincl and 1:iler re-establish from other patchcs. 
Sludy of tlicsc int a1 dyiiiunics should cstahlish thc "minimum dynamic arcit", which i s  the iircii of 
hiotopc patch l i e  ary to rctiiill enough such hahitat patches to prevent extinction. These Iiahital 
patchc\ inay rellecl ii;itural Iietcrogcncity, or hc the result of rotationally ~ ~ ~ i i ~ i i i g c d  or disturhcd Iiahil;its. 
C'orritlors, by cxtcndirig the area of ;I biotopc patch. coultl assist in providing this minimum ;ircii. 

Pickcii iuid Tlioiripsoii were concenied with spccics with ;i low immigration raitc, so tliirt exlmclioris 
w o ~ l d  be tlic ~li;ijor fhctor. Wicy rccommcndcd that nature rcscwcs should he considcrahly largcr t l l i irl  
tlic largcst dislurh:uice palcli; iiicludc inlcmal recolonisatiori s tum~s;  include difEcrc:iit ages oL' 
disturh~uicc-jicncriitctl palches: he large eiiough to 1i;ivc large populalioiis in Iialiitals ~ i o t  ~nritlc 
unsuitahlc hy disturlmcc; ant1 conlairi separale iriiiiirriuiri clyiwriic areas o f  each iriclutletl hahitat type. 
'I'his theory is rclatcd to mel;lpopulatiori aiitl tniriirnuni virrlilc populatiori itleas that are discussed 
hclow. 

Merriam ( 1  99 l a )  considcrcd that ;t network o f  hahilal palclies arid corridors rniglit coiwlilule such ;i 

miiiitnum dyI1ittIiic area. He acivocaled l l i e  rotating o f  1i;ibitats of different succcssional ;igcs tlrrough 
Spitcc, over tirnc. at :I l : t~itI~c:~p~ sciilt (see hclow). 

S i x  is rclatccl to thc "ctlgc cllcct", wliicli is discussed hclow. 
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