
Sclcctivc loss of serisilivc species 

"'l'hat is lhosc species most in nectl 0 1  prorectiori were tliffereiitially lost ..." (Di:uIri)ticY 
u i d  May 1976). 

Si/c i \  rc1:itetl 10 corridors through t h i s  sclcctivc loss 0 1  scnsitivc species, i is vcry cllcctivc corridors 
ni:ty lurii ;i sel o f  sinalI ;isc;is into o ~ i c  large o~ic where tlic sciisilivc species would hc sale (Noss 
IOX7). Burkcy ( I  989) re-cxamincd tlic SLOSS quesrioit with a sfocliaslic sirnularioii motlcl which, 
lihc MiicAl-thur and Wilson':, model, assurrierl hahilal Iioinogeiieily. He suggesletl l l iat ,  for :I given 
dcgrcc of Iragme~ilaiioii, corridors inay he vcry useful, hut tlicre comcs a point wlieri ndtlilioiial 
corridors arc ol littlc avail, so lhat eCfo11s should he put to utlicr aids.  However, ;is fragrnerxlatiori was 
increased, the populalioii rieerled ;L Iiighcr dispersal rate to survive, irnd Iicncc it rcquircd more or heller 
c( ) rrido rs ~ 

The characteristics o f  seiisilive species tire o f  iiiiercst because iliey rnay allow predictioiis of  which 
spccics may require corridors. MacArlhur KL Wilsorr ( 1903) obscrvcd that rare species .;houltl 
encounter the liigliesl extirictiori rales oii islaruls. 'Jlieir propositiim was sirriply (hat the siriall 
population was wore susceptihlc to s o ~ i ~ c  c11;uicc factor or disturhancc; thcy wcrc clc;is that th is process 
co~lcl he rioii-iiiteractivc (Wilson 1969). Others sccm to consider that the itrcii cffcct is due largely 
o r  solely 1 0  iiileraclioiis hctwccn spccics, such ;is competition or predation (Wriglit & HuhhclI 1983). 

MacArtliur :uid Wilsoii's ( 1967) vicw that species with low popu1iitii)Iis arc scnsitivc to cxtiiictioii lias 
hccn supporlerl suhseqtier~tly hy Tcrhorgh a i d  Wintcr (IYXO), Scliocncr and Schocncr ( IC)X3), 
Gooilriirui ( 19X7), Slial'fer (19x7) w d  Pimm rt al. (19x8). Tlicse authors sec littlc cliauicc of cxtirictioii 
Irorn ordiriary stochxitic changes 0 1  populations nuinhering i~iorc 1h:ui ;t few tens or hundreds. Local 
exliiictioiis have hccn altrilwlcd io Ihree sources of varialioii (stocltasticity): populatiori processes 
(hiilli, death :uid sex ratio); tlic ciiviroIuiicnt; and genetic fitclors, a s  well its more cxtrcmc. iuid lcss 
prcdictahle. ii:i(uraI c:iIaslroplics ('l'crhorgh & Wintcr 1980; Wright & liuhhcll 19x7; Mcrriar-n Kr 
Wcgncr lW2; IIurisoii I00 I )+ Isliiiicl hiogeograpliy alid most mct~rpopulatioii thcorics ded wifli 
populat i o i i  and cxiviroiuncri~nl virrialiori oiily. 

Browii ( I07 I ) spcculatcd on the cliantctcristics 01 iiiiuiimal species that may m:tkc tlicy susccptihlc to 
the lragirierilaliori of their hahitat. Since then tlierc haw hecn inany similar speculations ahout 
:uiii n a1 s. 

Faal?org ( 1070) coiisidcrcrl that spccics will1 a small geugrapliic r;rrige are susceptible. Others h:ive 
ideut ificd l>iir-ticulitr tropliic roles with susceplihilily. Brow11 ( I07 I ), Ahele irnd C'onnor ( I  070) iuid 

Heitnett ( 199 1 a) thouglil tliai spccies will1 ii restrictcc1 hahitat ("specialists") arc susceptihlc, X)i:mioi#l 
(IO74) iiddiiig that the food inay he seasoiial i)r pilcliy iii occurrc~icc. Brown (l971), Ahcle atirl  
Coiinor ( I  V79), Wilcox (I9XO), and Wilcovc vt (al. ( 1086) coiiclutletl tlial large herhivorcs arid lop 
citriiivorw wcrc susccptihlc. Margules aid Usher ( I O X  I ) agreed that species a1 high tropliic levels are 
susceptihle. For hirds, Tcrhorgh ( 1074) and Karr ( I  W2', tliouglil that aliosc that foragccl or ~ rcs t t~ l  o i i  



tlic tropical l'orest floor were most susccptihlc. A long series of :tulhors (see references iri Wilcovc 
utid Ilohinson 1990) u)nsitlereti rieotropical migr;uii hirds in cxtcm USA deciduous lorcsts to hc 
susccpl i hi c. 

111 ;t laxonomic comparison, Wilcox ( 1080) coiisidcrcd fli;it most m;unm;ils and rcptilcs should hc morc 
susceptible than hirds arid hats. where tlie ;ihility 10 f y  i~~eans  that thcy c m  cross gaps rcadily. 
Despite this Wilcox ( I  980) irnd Wilcovc et al .  (1986) suggested thaf Mrds and tiiammals arc 
snsccptihle. by virtue ol' llieir low population densities. 

Mosl ol. these speculations on animal susccplihility dcal with leatures such as habitat, food, or body 
s ix ,  which may hc corrclalerl wilh populalioti s i x  atid thus inay irierely rcflecl t l r c  effecl. of low 
populations. 1)i:unotid ( 1974) for exairiplc was cxplicil whcii ;rssociatiiig hirds with largc Icnilory 
rcyuircmcnt s will1 low populrrliot is. 

Piiiiiii r't NI. ( 1 O X X )  reviewed exisliikg II~iltllc~~iaticill ~itodcls of susccptibility wliicli cxtcritl the origirial 
Mac Artliur- Wi 1 s( )ii proposi I ioi I I Aparl froixi the s i x  itJld vari;rtii I i t  y of the pop111 at iw, they adder1 
shor-t-livctl species aiicl those with ;L low reproductive potelitiiil (iiitrinsic rate of increase) to [he 
susceptible c:ttcgorics. They lested the preclicliotis with data ~ I I  hirtls of British ollkhore islaiids iuid 
colll'irmcd that population si7,e aiid variability ;ire hotli iiriportaiit. Leiig~ti o f  life arid reprc-)ductivc 
potential both correlate wilh body size ;old h e y  coticludctl tlxat, below ;r population size of ahouI seven 
individuals, small-hotlicd species :ire iriosl susceplible. Above lliis sixe large-hodies spccics itre 
su sce l i t  i hl c ~ 

Most o f  tliesc tlrcorics focused on tlic risk ot extinction, hut SOIIIC workers on animals cxmirrcd also 
tlie other factor that influcnccs survival on hahitat Iragmcnts - tlispcrsal ahility. Warren iuid Kcy 
( 199 1) and den Bocr ( I WO) considered Ihat Inany of Europe's tlrreateried wontllantl insects have very 
limited powers ol  dispersal and that this should I ~ c  ;I I I I ~ I ~ O P  considcratioir wlicii coiisitleiing a 
coriservaliori strtttqy. Turiii ;md den Rocr ( Ic )XX)  found that carahid bcctlc spccics which hiid dcclirierl 
over Ilic prc'vious cerilury wcrc thosc that1 could not ily and inhahitcd long-stuiding hahitats. 

A rcliitcd concept is the aricietit woodl;uid iritlicator spccies of Riitisli plants (Peterkrw 1074) which 
:ippt':ir to iiwc poor dispcrsitl powcrs itnil which I'ollard vt crl. ( 1074) found to invade hedgerows very 
slowly: Mac-dorialcl and Smith ( 1WO) suggested that these have either poor rlispcrsahility or very 
spccific rqutrctimits for cst;thlishmc~it. Verkaar ( 1990) suggestcd 11iat soriie grassl:uid specks shilsc 
this poor coloiiising ahility ant1 that such species have neither a persistent sccd hark nor good 
dispers:ihilily ot secds. He considered these scnsitivc plants to lie tliosc 01' continuously distributed 
(plagio) cliirrax ecosystems which have been suljcct to sclcction for  survival rather than reproduction 
("K" selectioti). Hotlgsori ;ind Grime ( 1990) rcachcd it similar conclusion in their review of tlic 
rlispersal tnecliaidsixrs of British higher plants: species Irom impermanent or clisturhcd hithitats tend 
to have wcll-dcfincd mcclianisms of dispersal in  space and/or litiie, while those Irorn iiiorc stahlc 
Ilihitiits do not. They suggested tliat the seiisitive speci~~s coirimolily l ~ v e  pcrsisteril juveniles. 
Middlcton ant1 Merriatn ( IW3) coiwidcrcd many norlh tcmpcratc woodlimd herbs to hc cloiial 
pcrciuiials with most o f  (heir hioiriass colicelitrated uiidcrground. 
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Susccptihility may he surriiriariscd in relation to M:tcArthur :utd Wilsnri's (1067) "r-K" speclruin, 
Southwood's ( 1977) "Hahitat ternplet" or tlcn Bocr's ( 1990) "founding hyprxlihcsis rrl* dispersal" , h a  
the contexl of  rccolonis;ition, size Ihresholti or clim;itc chmgc, Ihc spccics at risk are at llic ""K" midi 
of I-hc spectru111: Ihost ;rs~t~iat~cl with 11atur:al hahicars of iioilg dIlriitioniil st:ihility. For S U C ~  S ~ C C ~ C S ,  
sc1cctii)ri favours coirqxtitivc ahility and longevity, r;illier 18xari reprotJuctivc potcntid and ahility to 
disperse. 111 lemis of the templet , their iialuml I-iahitats tend towards homogeneity in space and arc 
t:litniix (or plagio-clirnax), riiilier thiili scral. Thcsc litctors irican l t i a t  fhe species lime evolved large 
size, longevily, clecreasccl fecundity itnd ;t poor ahiliry (or behaviour) I(:) tlispcrse widely, hul 
lritgrncn1;itioIi o f  their liahitiit or climatc change has iri(rc:)duced a rieetl lor dispersal. 

Somc susccptihlc irisecls iippear to tic ;in cxccptioxi to this rule, hy heing chrrrrtctcristic of succcssioiial 
hahitats (TlioiIIiis ct ul. 1992; Wchh I Y W ) .  The suggcstioir is Ihat. over ccriturics of riiimagerncril. Ihs 
hahitat hat1 iilwitys hccn atvailahlc nearby, so thal it wiis i i i  lac1 of loiig duraliorial stability, hilt llral 
t l i ~  liipse of 111iuiiigcIllcM, or lragrrientatiori, has c l ~ ~ l g e d  tliis. 

In the contexl o l  rnigratiori inaiiy of thc attributes of the spccics arc the samc as those above. hut thc 
hahitats vary seasori:rlly in tlicir suitahility and s o  the spccics ;ire iiearcr Ihe "r" end o f  the spcctrunr. 

F'cw uuthors have applied (liese itleas from ccological tlicory to rcxli gcncrd conclusions on which 
specics may rcquirc corridors. Bennett ( I00 1 a), howevcr, coiisidcrs llrcrxr lo he: 

2. "core", rather l l i a i i  "edgc" spccics. 

Hc concludes Ilia( iieither group is cxpcctcd to ihid corridors easy I n  move Ilirough. 

Soulc :irid Gilpiri ( I90 I )  tlioughl largc illid ui~coiiiiiio~i specics may  rcquirc corridors for rccolonis~ttioi7. 
IIohhs and Hopkiris ( 190 I )  thought those of restricted distribution might rcquirc them to avoid the 
clfecls of' glotxil wanxiiiig. Harris and Schcck ( 190 1 ) consitlercd that individual anirnals with a largc 
liorne r:uige may  rcquirc corridors to traverse the necessary iiiiiiiinum :irca lor survival. L.M. I'ook 
(pers. co~nin.) suggested that sonic arhorcal primates may Ix 1~arliculrtrly in need of corridors to lind 
their scnsonally variahle lootl. This review would cxlerid thcsc scattered tlxouglits by applyiiig 
Yolltliwood'~ "hahitat le111plel" i I S  indicated ahovc. 

Other tictors that rnay preverit particular spccics from surviving in small patchcs arc discussed under 
tlic "cdgc cffcct" hclow. 

A slow reliixiitiolI to cquilihriurn alier the Jragrneritatioii o l  the lrahilat (Figure 7) H ~ C I U ~ S  that m a ~ y  
spccics inay he doorrietl to cxliiictioii on the friigmcnts. C'orritlors arc supposed to reduce the effects 
of rclax:ilio~i by ririsiiig tlic cffcctivc siLc of hahiiat patclies: large patches are supposed to lose lewer 
specieh Ihtm do SlIiitll ones. The question of just wlwi ;I coniclor is good cnougli to make two patches 
ellcctively iiito oiic must hc answered lor each species iiitlivitlually. 

Rcliix~tio~i is supposctl to Iic quickcr on small than on large patches, to begin fast aiid laler slow rlnwii 
xiid to involve l l i e  loss of sensitive species. The idea that relaxalioii generally has far to gn anti 
ihcrclorc that present-day populalions of a spccics inay ~ o t  be vinhle is still currelit (Hanis & Scheck 
I CIc) I ). 
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The rminsular effect 

Simpson ( 1'364) dcscrihed a decline in species richness o f  North American mrimmals with distancc 
:tway from the Inain land i r i w  alnrig a pciiirisula arid suggested that this may he caused hy 
coloriisation arid extinction on ;i scrics n1 Iuhitat patche:, along thc peninsula. This was hrougltl into 
the criteria for rcscrvc tiesigri hy the suggestion that long ri;inow reserves (peninwlas) will be less rich 
tliiui corrtpacr ones (the continental land mm). 

Theory to model (he pcnimular effcct wa:, developcd hy Taylor and Regal (1978) and cxteritled by 
Gilpiri ( I W  1). The tlicory 1 1 ; ~ ~  not hccn applied to corridors, although 41 that is required to d o  so is 
;I shift downwards in spatial scale, to make it applicable to srnallcr leatures, hy considering thein 10 
he pcninsul;L\ of tcrrestrial habitat in a sea of less hospitable terrestriiil habitat. Wherc there is a target 
piltch at the end of the corridor, it is analogous to the tip of the peninsula in tlre tlicory. Allerriative 
cxplanalions of the peninsula effect (for ex:uiiple that ~ i m o w  peninsulas suffer from ai edge effect) 
inay also hc applicahle to corridors. 

1 I I I I I I 

1 10 100 1000 10000 100000 1000000 
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I n  Gilpiii's model species trill irilo oiic of two classes: either dcoliniiig exporieiitially 10 zero occ~irrcncc: 
with distance down tlic peninsula 1roIrl thc source, o r  tfcclining to :i plateau of corisiarit incidciicc 
(Figire X). TIie laltcr group o!. species could use the corridor as ;I conduit. wlierei~s tlic former could 
do so only  were i t s  Icngtli such that inciderice does not decline to zero before the target ;trc;i is 
reaclietl. W1w-c a corridor i s  short relative to the dispersal nuigc of it species, Gilpin's motlcl reduces 
to ;I limiting case where the O J ~ Y  irilluaices left itre the proh:ihilily o f  entering the corririor a i d  o f  
111 ort a1 i I y w i I hi II i 1. 

100% 

I nci dence 

0 

0 
Increasing distance down a peninsula 

Metapopulation 

The rsland hiogeographic approach was devclopcd from a tlteory that dcscrihes species riclurcss at an 
equilibrium state on habitat patches. with a "mainlantl" source for immigration. Many of the seminal 
works in thi:, lieltl havc tjceri or1 birds of tropical oceariic islands. In contmt, rnetapopulation theory 
tleitls with individual species or sirriplc intcractions betwecn ii few species aritl was dcvelopcd first to 
dcscrihe populatiom of invertebratcs iriiahiting small-scale habitat mosaics (Haxiski 19x9). 
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Wir  "i~ict~ipoiiul~itiori" coricepl (Leviiis 1970; Hanski 19x9) is it 1orrii;tl mathematical modcl trl' ;in idea 
first propounded hy Arir1rew:irllia aird Birch ( 1954); that the xiumhcrs of atiy given spct:rcs may 
lluctuatc greatly in siritill patches oi  hahitat, to llmc extent that, while ;i specie:, rrray go extincl on some 
patches, in ;i large collwlioli of patches ii  survive\ because 11 re-invades pWaces where exlincfion k i ~  

occurred lj*otri h e  otlicr plnccs whcrc ir has no(. 'The '87opulatiorih'' occupy iiidividual piitches aird !he 
rrietapoi7ulaliotu Ihc whole syslcrir of paldie\. Agairi (hc IiahiYa1 PioinogcnciZy ;issumptioiu i h  m v o h w t  
withoul hoiriogeiieity thcrc 1s no guarantcc that recoloinsalioin 1s availahle irom ZL aieltrhy palclr, 110r 

that thc sp:tccs heiween patches arc harriers to t1ispers:tl. The rale ol esl:ihlishmril ol new popul 3 1"  I O l h  

lias to cxccctl (hc tale of local extirictions for the mctapopulattion to survive 

"Palcli dyiiamics" (sec ahovc) is in tact :t inetapopulation iheory lor the special case whcrc the 
populalioiis occupy contiguous patches and tlic hahitrtl ol' ihc pmlics conics iuid gocs. Hcnderson 
ct ( I / .  ( 1985) have exleivled i l s  applicatioii to ;i network of piitchCS urd corridors. 

The idea heliiiid corridors and close spacing (criterion 3) is ilia1 , when it species gocs cxtincf in ;i 
patch, it will he replaced rapidly by irivasiori : i h g  llrc corritfor, or  iicross a small gap. Allesnatively 
its population ~ t r i  he supplerrterrletl tlrrougli Ihe corridor so ;is to avoid extiricliori in the first placc, 
sliccics can persist in this way, even i f  they wwld go exsillcl o i l  iriciividual pitlclies (SirnhewIofi & 
Ahclc 1976). This "is1:uid hiogeogrrtphic" idea is clearly rehled lo irielapopul:itiori llienry. Ch-ridors 
are i lo l  ilecicssary for ;i mctapc~pulatiori, hut 1IiovenieriIs hetweeii palciies ;ire (Mcrrim 109 1 a) .  

Although rrietapopulatioi1 theory is ithost ;is old as island hiogcograpliy, imd it might hc Iicttcr suitctl 
to explaiii llrc situation whcrc ;in archipclago 01 hahilat patches acts 3s ;i tliflusc sourcc of immigriuits 
for itny oiic 01 lhcir nurnhcr (Wehh arid Hopkiiis JW4j, i t  was orily ltillerly applied lo issues ol reserve 
tlcsign. tlcri Boer ( I O X  I )  applied ;i rxietapopulatiorl modcl to iiivcrlchratc conservation. Midtlleloii arid 
Mrrriarri I I O X  I ) uscd Andrewartha m d  Birch's ( l9S4) ideas to account for the hcliaviour of 
whiielooted IXIOUSC I'or-oniy,s(~us /rurwpu,\ in woodland p:ttchcs. (;ilpin ( I O X O ,  198 1 )  a i d  Gilpm ;~nd 
Arrrislroiig ( I98 I ) tlevclopcci the island Iriogcograpliic modcl to deal with individuil species, so 
parliltlly bridging the gap bctwccii tlic two theories. Fxlirig itnrl Mcrrimi ( 1985) dcvclopcd ;I 

incl:ipo~~ul:itioii model of whitcfootcd i~iousc populations in woodlaiids whcrc immigration ctihiilIcctl 
popu1:tlion survival. Wilcox a ~ d  Murpliy ( 1985 j rcitcratcd the biotic collapsc rcc~)iiii1~cIidrttioiis, usiiig 
mctat~iopulalitrn, rather lhari islaiitl hiogeograpliic, rnodcls. Mc1,ellaii ( 7 1  d. ( I  986) applied a 
mctapopulatiori model lo tLesctilic ;i11 ;trchipcl;tgo of hahitat pattchcs, and O p d m  (1987) and Mcriiruri 
( IUXXj applied rriel~ipopularion tliidings to landscape ecology. Merrirun (199 1 ii> reviewed several 
sm:ill-scale melapopulatioit rnodcls hascd upon the populations of small miuiimals in Ciuiadii, ;is 
co~iipoiieiil:, o f  a laridscape ecology approach (sec hclow). Others have uscd 110 explicit model, hut 
clearly descri he a irietapopu1;ttion (Satwidcrs 19x9). The word "mctapopulitlion" lias now displaced 
"islaw1 hiogeograpliy" a s  tlic thcory cited in most works on hahitat fragmentation. 

Thc c l ~ ~ ~ l o p ~ ~ l e r i I  0 1  ~ r i ~ t a p ~ p ~ l i i t i o ~ ~  theory has lctl to it rcsurgcncc 0 1  the dchiitc iih(,ut thc rclativc 
irierils of' siriglc h g c  or  several small rcserves (SLOSS). Wright :uid Hubhell's ( 19x3) motlel of  
clcmograpltic iluctuiitioll did not give a strong prelerence lor eilher allernalive, hut Wilcox arid Mur-phy 
( IONS j coiisidcrcd that hahitat heterogeneity slrorigly favoured single large reserves. Wilcove r f  ml. 
(19x6) took McLellali vt r / / * ' s  ( IOXhj modcl to conclude that "cveii whcrc most of the liaihitatt lias 
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itlrciidy liccn destroyed, suhscqucnt fragmentation should he Iriiriirriized, lest a rapid loss o f  species 
( )ccur. Fu rthcrrn ( ) re. i I is u 1 ari sal ic )ii c;m c;tu sc ex t inc t ic 111s ii it1 c per ider if o f hahit at redue t ic-m. " Sirrii 1 arl y 
Tctylor ( 199 I ) inodclled the iricitlericc of spccics in hahit;it patches 01 dillcring s i x  to prcdict that 
species with largc :ircii requiremerits would iicvcr hc found i1i any total ;irc;i iiiadc u p  solcly of smidl 
palclics. 'Uiis tlicory too leads to l l i e  r~~corriincndaition that corridors I i c  uscd to coxivcrt scvcral small 
palclics illto fcwcr large p:ttches. 

Wlieri gcnctic cflfccts are rriotlelled, ;urothcr swcrc BYicorclical disadviuilagc of a rnctapopul:itiori 
structurc is suggested; Maruy;ima and Kimum (lI9XO) sludicrl thc "genelic elleclive popuktiion s i d '  
of mctapopulations, to coiiclutle that it CXI Pic order(; of magnitude Pcss ~hriri il i s  where the s;mic 
individuals live on :I siitgle large Iliihitiit patch. This rnay rcsull in inhrccding rlepression (Fr:uikcl AL 
Soulc 19x1; Ralls KL Ballou 1983). Gilpin (1991) consitlcrcd this to he it strong reason fo  prefer hinglc 
largc rcscrvcs. However Boecklen ( 1  9Xh) simulated gcrictic cllccts iii  a single hrgc or several mialW 
comparison to coiicluclc tlial suhtfividcd populations ;ire to hc prclerred; the issue i s  still operi IO deha~c 
(st1ul"crs rt ( I / .  1c19 11)). 

Subdivision of a single popu1;rtion into ;I mctapopulatioii inay liwc a rlilfere1i1 rcsull (leperitling upon 
whether o r  riot tlierr: arc iiripor-tant intcractions between species: Joh~isori r'f U / .  ( 1902) coriclutled th:u 
subdivision in siiigle-species systems incrcascs thc chancc 0 1  mctapopulrttion extinction, hut that in 
multispccics systems i l  rriay proitiotc survival. 

Crowlcy (19X 1)  cxamincrl the inatheirialical helitiviour o f  a special case of tnelapopula2ioris: 
pKtliitOr-prCy intcractioris, lirst studied by Huffakcr (IC158). As i s  usual i l l  inctapopulatioii iriotlels 
(Hanski 1 O N .  1001 : Taylor I WO), the iiitcl-acting spccics sur-vivcrl for longer the iiiorc habitat patches 
there werc ( a 1 1  irtcrciisc by a f;rr:tor of 1 0  douhlcd survival time) and tlic morc r;tntlorn. effects tlicrc 
werc on the populatioiw of individual patches. IIowevcr. the probahility of survival only increased 
a s  disperbal o f  irir1iviclu;ils hctwccn patches wits increased up to a "low" value ol dispcrsal (around five 
pcrccnt 01 the popula(ioii lcaving tlic patch pcr unit time). Altcr that it dccrcascd with liirtlicr 
incrc:thes iri dispcrsal hccausc tlic coruicction hctwccri the patches become so good that population 
I luctuatioris iri 1 liem hcciuiic synchronous, so increasing fhc chmice that cxtinctions iirc synchronous. 
The iriilial incrcasc wits consistent wilh lhe recornrrieritl;ilic,ns frorri islaritl hiogeographic theory, hut 
"...tlie stiihility iuitl thus thc persistence ol' the wliolc populatioii inay hingc: 0 1 1  keepiiig dispersal rates 
IOW cnough to avoid coiriplelc syiichrony'' [Crowlcy I9X 1). 

Metapopulatioii llicoiy tlicn scciiis to intlicalc t11:tf corridors shoultl he sufficieril to darnp stochastic 
populatiori I'luctuations on habitat patches so that local exliriction ant1 its drastic genefic elfects are 
rare* hu l  corridors should not bc so d'fcctivc ;is l o  syrichroriim populatioii fluctuations ori all hahitat 
patches. It is a i n o o t  point whcthcr thcsc two condiiions can cocxist. 

Source and sink 

111 practicc few hahitat pafclies are Iioinogeiieous, ;IS atssurncd in island hiogcography ailid 
mctapopulatioii theories (Figure 9, Hanski Kt Gilpin 199 I). Rathcr, soriic ;ire inferior to othcrs zuid 
rcquirc rcplcnishmerit of species from tlicm - the "huffcr cfft~cl" (Kluyvcr KL Tinbergen 1957; Brown 
19hC); Frctwell KL Lucas 1970; Hiinski IC)X2), "donor 1iahit:tts" (Hansson 1977), or "source" :utd "siiik" 
populations (Yulliarr~ 1988; Tcrhorgli Kr. Winter 19x0). Pulliarri (19x8) deliried the source ;is it iief 

cxportcr of individuals aird thc sink ;is ii net importer. 0rg:uiisiris occupyiiig a series 0 1  Iiabitaf patches 
m a y  occur in a iiiixlure of source u i d  sink populrtiions, c;tcli 01' which iriay be ;is niuch or inore 
in.flucnccd hy (lie type aiid proximity of other patches as hy flie rescwces rind other coiiditions o f  tlte 
patch where tlicy arc found. 
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Dctailcd knowledge 0 1  tlie population proccsscs in rhc arcits conccnied is needed else :ircas may 17c 
given quite Ilie wrong value; conserving ;i sink witiiioul its S O U ~ G C  would le:Ld to Loca! cxlincticrn. 

Rcccnt papers on corridors liave coiicludcd that tlicy may act a s  population "siilks" itlid so do more 
hiilIli thm good to tile source populaiions and hc of I10 value CO ihc recipient popuIiition (Souk & 
Gilpiri 190 1 ;  F'anella I09 I : Merrim 1991 a). Thc cxtrcmc case tlcscrihcd by these authors docs not 
do justice to ( l i e  raiigc of possihlc circumsuance:,. The ~nove~rieiil helween sourcc~ and sink xnq hc ;I 

consequerrce of' populatioii prcssurc in the source lowering succcss there to ihc cxtcnl thal succcss ~h 

cclual or greatcr iii t l r r  less populated sink (Pulliam 19x8). If good s k s  in the source lire rare ;uid thc 
poor xitex i i r  thc sink ;ire common, o n l y  a srnalI Iracfiori ol' the populatioii will occur iri areas where 
local rcproduction IS sullicient fo  coiripeiisate for local tnortality. Tliiis, rnainy fialural populations iriay 
occur 111 sink:, ur idcr ci rcun 1st ;U ices wlicrc t hc y may cont ri hi t c significant I y to 171 et apopiil ;it ion surv i val 
aiid even it the individuals in (lie sink are not lully sell-sustaiiiiing, they arc Incinhers ol its cornmuiiity, 
and contrihutc t o  kiotliversity flierc. 

Corridors inay thus hc part of ;I network that links sources arid sinks :ind where: "llic risk of local 
exliiiclioii CiiII hc rcduccd by movcmcnt Irom the friorc productivc patchcs to supplcmcnt growth of 
Ipopulalioris iri less productivc, small patchcs" Mcrri;ina ( 199 Ih). 

Minimiim viable popul ;I t' Ion 

Receirt work on tlic conscrvalion 0 1  Ilircatcnctl species has involved thc concept of a "minimum viahlc 
population" (Tcrlwgh tk Winter 19XO; Shaller I9X I , 19x7; Shaller &L S:unpsnn 19x5; Gilpin Kr. Soulc 
19x6; Butg~tlall t't U / .  I'JXX), ;LI~ iittcilipt to synthcsisc thc wiiys in which ii IOW popu l ; i t j~~~  I I J ~ ~  ~ o i d  
cxtinctioii. This can hc approached ernpiric:ill y or willi either ;I population genetics or a stochastrc 
populatioi~ i~odcl .  Thc models arc species-spcciiic iuid thc work sccins iK yet not to havc restilled in  
gcncral principles that c;ui he applied to corridors, beyond lhose covcrcd clscwlicrc in this rwicw 
(Soulc Kr. Siirihcrloff IrM; Saunders r't ( I ( .  109 I ) .  AN issue illustrated well hy this work, however, 
is that assuring survival is a pnhahilis(ic coiiceiii which requires dec~sinris ox1 the risk 01 extinction 
ovcr a dciiiicd tiiiic period. 

Tlic thcorics rcvicwcd akovc all locus on tlie survival 0 1  pnpulatioris. ralicr than of individual plants 
or animals. They do not distinguisl~ 1 ~ 1  wcc~i  two causes o f  low rates o l  colonisation: lailurc to  1c;tvc 
the sourcc atlid morlality oil the journey. Corridor Ilieorists, Iiowever, point o u t  that a poor corridor 
txiay act iis it "lethal cul-dc-sac" to a relatively scdenlary or a vulnerrihlc spccics (Soulc KL Gilpin 
1991). The corridor itself is lielieverl 10 acf as a "sink" (sec above). 

C'oiivcrscly, however, corridors :ire often :itlvoc:ilerl to :ivoirl mortality at it biirricr, or in the unfriendly 
imitrix (Grove Kr. Sclicrincister 1990; Re11 KL Seit/ 1090; I-Iarris & Schcck 1991). Thc provision of 
conduits for mirnals to pass under major roads is olleli atlvocrited lor this reawn (Lruigton 19x9; 
Kcriiictt I99lh: Cox 1903)- In  the extreine, inortality call prcveril cf kclive Inigratiori or recolonisation, 
hut i t  may also havc deleterious, i l  suhlellial, ellwts ~ I I  the populatioii withoul aclually preveritirig all 
movcment . 



'I'he edge effect 

The rcservc dcsign criterion that c:tlls lor coinp:ici iialure reserves, C;LII be derived from this edge ell'ecl 
as well ;is from tlic pcninsula cllecl (TJsfier 1991). Thc edgc of ;i habitat palclt may differ lroin ils 
core i l l  several rcspccts (Noss 1OX7);  iri its rnicrocliiriale wic l  soil (Slarl IW I ): ar id  i l  iriay 1i:irhour 
specics which bclong to thc surrouiiding h:ihilal, or lo (he edge ilsell (G:tlli of al. 1076). This rn~iy  
illvalidate comparison ol' species lisls I.rorxt samplcs of largt Iioiriogcricous sourcc 1i;ihital willi tliose 
from 1iahii:il palclres, inriless thc cdgc spccics ;ire excluded from tlic comparison (Galli ct ( I / "  1970; 
Wchh k Hopkiris 1984). Edge spccics may be "weedy" (Panctta Kr. Hopkins 199 I) ,  may he prcd;itors 
on, o r  cxclucle or coiripetc with corc spccics. This rcduccs the effective ;wca of the patch (Noss IOU; 
Wil1i:unsoii 1075; Slarl 190 I) so sm;ill habitat patchcs lose their core spccics (T);iwson I W I ) *  

The extent ol (he cllccl c1e:irly tleperids upoii Ihe hhiti i t  concenierl aiid Ihe laxori o f  irileresl. For New 
Jersey F'icdirioiit Ibrcst birds Giilli rt d. ( 1976) considered plots of less than 0.2 licctarcs to hc ciitircly 
edge. Elscwhcrc tlic "ctlgc clfcct" was csliiiiated to vary in wiclth Irorn 12 111 to more than 180 111 
(C~oldstein-C~ol~li~i~ IOc1 I aiitl H ; L ~ ~ s s o ~ ~  & hglcstaiii 199 I).  Madcr (19x4) considerccl tlial core specie:, 
werc outriuinhered by cdgc spccics in forest patches in Gcmiiuiy of less than 2 to 5 hcct;irc:, lor 
carahid bcctlcs ii11d less thm 1 0  hectares ior "w:tndcring" spiders. 

Edge effects weigh itgiiiiM t l i i ~  corridors, thal tnay hc considcrcri to lie w r y  largely, or cntircly, cdgc 
(Eigur? WO, "liiic corridors", Forinan & Goclron 198 1) and Xiciicc riot suit;ihlc for sensitive specks to 
rcsidc in, or  pass Illrough (Noss 19x7; Souk KL Gilpin 199I). LovcJoy ~t al.  (1986) a id  Rridgcwiltcr 
( 19X7) suggcsl, however, Ilia1 corridors illity allow motilc species an itcccptablc dispersal route eveii 
when tlicy would riot  rcsidc there. K. Porter (pcrs. comm.) also suggests that some ctlgcs may hold 
coriceiitr'ations of food. such as nectar luitl hcnies, Ilia1 serve to lead ariiirials along lherri. 

Hlyth ( I c N  1 )  consitlcrcd Ihai edge ellec(s o i i  corridors iri;iy become inore sigiiifiuii1 ;is cliiriale 
cliairgcs iLiId that their widih shoultl iherelore he sullicieiil 10 guard ;tgaiiisl Ihis. Effective widlh may 
clecliric will1 limc due to ;t progrcssivc encroachirieiil hy weeds, lire, road huiltliiig aiid exoiic :iniin:ils 
(Noss 1087: t;i*ieiitI 199 I ) .  

Thiii corridors, tlicrcfore, itrc least suitahlc for species which are specialisls for lhe hahitals found in 
llie core o f  piitchCS iuid which need lo rcsirle along tlieir Iciigth, or wlricli do i io l  h i d  llieiri accepiahle 
habitat to movc through. 



edge habitat 

Minimum area 

Indivitlual iuiim31s inay havc a "home migc", thal is an ; i m  over which thcy range I n  rind its daily 
iimls lor food, shelter and a place to hrccd (I-Iayne 1949; Brown IO)h2). Excursions heyoncl this range 
;ire rdre or  o f  a iii\persal or migratory nature (Bennett 1990). Iri a given kind of  habitat the sizc ot 
;I species' home range vanes little hetwecn individuals. A dcfcndecl home range is tennet1 i i  "tcrrttory" 
(Molfat 1003; Howard 1920; Moore 1957). Aniinals miiy he tied down to one place at times (tor 
cxiuriple to ii nest hile when hrcetlirig), and thcn ariofhcr body 01 Iheory applies: the lhcory of "central 
placc forapig''. In Ihis it bccoriic\ iricreaslngly uneconomic lor  ;m iuIlIila1 to torage, thc further it 
goes froin its central pliicc (c'ovicll 1976; Stepliciis & Krehs 1986). Such anirnals r x ~ y  he likened lo 
;I hall attached to ii point hy iUI elastic harld in that they rarely move far from thc central place and 
m u m  regularly to i t .  



Corridors. by linking patchcs o l  suitatde iubitxt, are somctirries supposed to cnahle individual xnlrnals 
to firid sulficicnt habititt over which io rimgc 10 find their rreetis - the larger the Iiome range 01. the 
individual thc more corridor liriks it m:ty riecd (Suliivaii &, S1i:tl'ltr I Cj75; Simherloff IKr Cox 19x7; kyle 
& Quirin 199 1 ), 

M igralioti routes 

Wlritcomb r't ( I / .  (1977), Diamond (1% I ), Shafcr (1990) and Harris arzd Schcck (199 I )  considered that 
harriers :uid llic fraigrnerilation of' habitat jeopardised tlic migratiori routes of largc herbivores rind 
prediltors, such its ihe Africilli ungulates, Arctic caribou i i , ~ ~ d  the North Ainericari elk. Karr (R9X2ii & 
13) suggested that rrt;uiy tropical birds need to migrzltc hctwccn places offering ctiffercnt rcsourccs, iuul 
that fI*ilgI1icIiIatii)tl of their halitat may preverit this. Two ollicr- citses irivolvc the migralion het weeri 
clearly tlistiiict hahital lypcs; rriaiiy ;uriphihia rnove hetwccn hrcediiig, summcririg arid hihcmalirig sites 
(Wilcove r l  al. I O X h ;  Rcli KL Seilz 19cX)) arid stirx~c iiisccts use diffcrcnt plaril species :tI each stiijic 0 1  
their rcproductive cycle. 

Corridors Iiavc keen ;idvocalet1 10 pcnnit such migrants 10 continue heir  movcmciits afer the 
fragmenlation of previously coritinuous habitats. 

Stepping stones 

Gilpiri (19x0) huilt on MacArtliur and Wilson's theory by allowing tliat iiidividual species differ in 
their ability 10 siirvivc o r 1  sinall "steppinp stone" islands, using a similar model to that for [he 
peliirlsulilr ef'lect (sec ahovc). He coiisidcrcd thal, in the ahserice of stepping sloncs. mi)st species 
would hc present all the time on the "iarget" island or riot iit all, aid his tlicory suggested that steppirig 
stones would inlluence very largcly a small group of iiitcnncdiate species: those that soxnctimes occur 
on llie target islaud (Figure 11). This is considerably lcss than the hciicfit MacArtliur and Wilson 
( 1967) prcdicteti from their simpler arid lcss realistic modcl. 

To the cxterit that this theoretical devcloprrienl applies also to corridors, it suggests thal cnnidors too 
scrvc only ;I srriall group ol. spcics: fhose with intemiediatc dispersal powers. 

E'igiire 11 The predicted numher of spccics occurring a1 various distances from ;I source patch, 
with and without a stepping stone patch 10 assisl movement from the sourcc to a target 
patch, according to Gilpin's ( ICIXO) model. 

Increasing distance + 



1l:volved dispersal powers 

Those advocaliiig the preservation or provisioii o l  coiriclors  xia ay argue tliat tlic natural, prirriary 
Iiahilals of inost terrestrial : i r w  were hcllcl- cormcctcd hcforc pcoplc dcvcloped thosc ;irc;is, t l m  tlicy 
;ire today. Thcy sec corridors a s  ai dcsirahlc rniiiirnum coxincction to approach this natural stattc (Noss 
19x7, l'IX7; A d ~ : i \  Kr L)OVC 19x9; Hiirr-is &, Schc~k 199I; Lylc k oninn 1991). This iiuplics thiiY 
ciicll spccics h:is c ~ o l ~ e d  tl t1ispers;d rrhility ilppropt-iiitc to past conditions Ihitt may iioi hc sufikierit 
to iillow the species to cross iriotleni Ixm-icrs well enough to carry out i ts  natural rolc in habitat 
patches. 

Others have put lorwaril the coiitrary view that cxtciisivc tracts of h:ihitit wiiliriut hu~nair distmhruicc 
were neverlheless coixqx)scd of ;I mosaic of hahitat types? or suh~jcct to pcriodic dishrrhimcc, and 
spccics cvolvcrf good dispersal powers to cope with t h i s  (Mitldletoii K;! M e n i m  198 I ~ I OX?; Fonnan 
Kr. Godr0l-a 19x6. "resource p:11ches"; Hanisoll IW b ) *  

Landscape ccology 

Landscape ecology deals with the cffccts of landscape (spati:tl) patterns on ecological proccsses 
(Turner 19x9). I t  is ;in holistic apprrxich (Hruissori 1977; Noss 10x7; Fnnnati KL Gorlron 198 I ,  19x6: 
Hansson & Angelslrun 190 I ) hiiriging together iclcas h i r i  ecology, hiogeograplry :i i id tl structural 
description of 1iuidsc:ipc for application particularly to liurriait iiifluerices 011 la~idscapc, and it:, 
tIliiIiiigCi1iClit. It deals with large scale processes such as occur over kilometres r:dher thru i  tens or 
Ilunclrcds of iiictrcs (Fortnan KL Godroii 1 9 X  1 ) .  At tliis scalc, ;i ptllteriiirig merges Ihat is not seen a t  
;i siiraller scitlc (Tumcr 1 C)Xr)), and most o f  the tleductions involve ;ui intcgration 01' results ohtaincd 
iit ~ ~ ~ ~ i i l l - ~ c i i l c ~  to hroarl sciilc~. 

It is difticull to introduce atlequa(c rcalism iiito thcorctical ~nodcls o l  lanc1a:apcs. and so sirnplilying 
assumptions inay he uscd in "ncutral models" of laiirlscape struct urc to illustrutc the way in which 
slll~ill SC& pallerii inlcgralc 011 ii  Iiu~Isciipc sciil~ (TuIlicr 19x9; FOIIII~IJI 1991; JOli1iSoli ('1 01. 
1992). Figure I2 illustriitcs one such modcl. This shows how the removal of small 1iuhit;it patchcs 
hardly :illecls regioiial coiiricctivity iit first, hut that, as connectivity dccrcascs, the route tllrougii the 
lantlscrtpc hecorries inorc aiid more torluous until ;I catastrophic decline in connectivity occurs ;IS ;i 
critic;:il perceiiliigc is approilchcd, iiftcr which thcrc arc no coiuicctions Icft. 

Landscape ecology is largely tlesciiplivc, ratlicr thiin clcductivc (Himski Kr. Gilpiri 109 1 )  arid Iriuch of' 
its tleductive hasis is ~:ovcrccl clscwlicrc iIi this rcvicw; for cxmplc  it uses ideas Irom island 
hiogeognlphy, including sensitive spccics, area cllects, relaxation arid edge cffccts, olicn uncritically 
(Fonriair Kr. Godron 19X I ;  Tumcr 19x9) and also lrorn metapopulation theory (Merri:un 19Ola). 

V:trious iiieiisures o f  isolation hid hccn dcvclopcd to dcscrihc the situation whcrc ;in iirchipcliigo of 
patches acted [is the sourcc o f  irntxiigr-ant spccics for one of their n u m h  (Askins et al. 10x7; Vrut 
Dorp KL 0ptl:irn 19x7). 1,t~iiclscapc ccologists took up this subject and corridor links (or "conncctivity" 
Forniari & Goclroil 1980; Haudty 19x4; Mcrriiun 19x4; Noss k I-Iarris 19x6) plity an Important pail 
in landscape ecology reconimcndittioiis. 
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A "iicurr:tl morlcl" o l  :t Iiuidscape cornposcd of- cqu:il-sl;l,ed parchcs of [WO cliftcrcnr 
Ii:ihitai ~ypes.  Specics thiit occupy thc hliick li:ihitztt, hut for wliich ihe whirr 1s ;i 

barricr, find the hidscape well coiiriected at first (a). When white is suhstitutccl i-or 
irhout 25% 01- t k k  XI  acceleratirig loss 0 1  connectivity occurs until ahout 40'8 h;rs 
hecn substituted (k), alier wllicli black occurs o n l y  as uncotmcctcd t'riifIl1cnts. which 
progrcssivcly decrease iri size (c). Rclow, ;tn index of' conncctivity (thc pcrccntagc of 
top patchcs wtricli art connectcd with the hottotri o l  the 1:uidscapc) is praphccl aiyinst 
thc percerilagc 0 1  thc landscape which is co~nposed of favourahle hahitat Ihlack 

Figure 12 

patchcs). 

a 70% black 

100 

Connectivity 
% 

50 

0 
100 

b 6Oy0 black c 50% black 

50 0 

Percentage "black" habitat 



Bauilry ant1 Merriam (I9XX) distinguished i:oiuiectiiig lairdscapc clcmcrrts ("crrilncctivcncss") from 
hdiiivio~~riilly dctcnninetl species-spcciiic "coiuicctivity", ;i similar clislinctirrn to Wehh's (1093) 
hiotope and hahitat patches, although Foi-irian's ( 190 I ) review of llic tlicorctical hasis did ml iriake 
Ihis tlisliiiction. O p d m  ( 199 1 ) used Fonxtm and tiodron's (L9Xh) phrase "landscape rcsistiuicc" to 
tlescritx: the invcrsc 0 1 '  tlerisity of r:orriciors and stcppin, (* stoncs. 

Hailssol1 iuid Anglcstiun 100 I ) colisitleretl that the grcatcst prohlcms with fraigmcntcd hahitiits should 
he cxpcctcd lor Iliose biological communities that clcvclopcrl in cnvironmcnts which were relatively 
unilonn arid stahlc ovcr time. This parallels the views on serisilive species reviewed ahove. They also 
coltsidered thiit tlic loss ol "keystonc" species inay lead to loss 01' otlrer species wliich depmtlett upoii 
llteiri, arid thcir rcplaccmcnt tiy less speci:iliscrl species, so Ilia1 the coiri~iiuliily hecoines morc like th:d 
01 tlic surri)u~iding matrix. This again is one 01 the origirial islaid hiogeogmpliic view:, iiiterprclcd 
in ;I Iaudscape coliiext. 

Lanilsc:tpc ccology rriodcls liiiiy suggest that local cxtinctioiis accumulatc to rcgion;il cxtinctions a i d  
fiixtlly glohal extiiictioiis (Mcrl-iitm 1991 a; Opdam 1991; Mcrriatn Kr. Wcgncr 1992). Tumcr ( I  9W), 
for CXiiIIl1Jlc, suggcstcd tlial: "Hahilal fr;lginexitatiori m;ry progress with little ellecl on a population 
until the critical pathways of cotiiiectivity arc disrupted; thcn, ii slight chztnge near a critical tiireslrolrl 
c;ui liavc tlrairratic ~:onscqucnccs for the persistcncc 04. the population." 

Firrinrui :uid Gntlroit ( I  98 1 ), Noss and Harris (1986) and Mcrrim (I991a) suggcstcd thcrcfore Zlrat 
clcl1ieliIs 0 1  3 well-cotitiected Imdscapc mosaic may act iis rcst stops for spccics moving hctwccri 
palclies, ai id  tIia1 corridors may link patches into i t  network 0 1  hahitat pcniiitting movcmcnl lliirougli 
the landscape. Noss mtf Harris (1986) rccommcndcd retaining a hicriir-chy of 1uidscapc clciricitls al 
tli ffereril spati;iI scales to provide for organisms with diffcriiig requirements. 

Thc landscape ccology approach lia:, produced the iiiteresliiig iiisiglit lhat a corritlor link :icross ;ill 

Illllospitiihlc matrix for one spccics or group 0 1  species could equally constitute ;i lirtrricr to spccics 
wliich firid thcir hahitat in the mittrix ( F o m i ~ i  k Gotlrori 1W 1; Atlarris KL Dove 1989; Vcrkaar 1990; 
Woiwod Kr. Thomas 1997). For cxatnplc, in Figure 12, :I 1aridsc:ipe Ilia1 is well conncctcd lor the black 
hahit;il IIiI:, isoliitcd fragments of the white. Many writers on corridors have its their model ;I xiatural 
Iiahitat, sub-jcct to friigmcntation hy 1iuni:ui tlevelopineril a ~ i d ,  iri this situation, the spccics to he 
coiiscrvcd arc those 0 1  {he riatural Iiahitat, not tIic clcvclopccl l a i i d  (Hanisori & Schcck 199 I :  Sauritlers 
& I Ioktw I (N I h). Howevcr, ii i  SOIIIC situations, such its lowland Europe, dcvclopmcnt took plricc s o  
lorig ago Ili;it 1 1 0  gciiuincly natural hahitat remains. Ikrc  tlicrc may  hc no such clear guidc to the 
hahitats or :,prt:ies to tic consci-vcd. 

Corridor theory 

This revicw so far lixs shown that there is 110 coinpreliensive Ilieory of the eoritluil fuiictioii of 
conidors Iiut ciuitc enough theoretical hasis, albeit scatlerecl, to show that they may he worlhy 01 

critical cxainination. 



Souk Kr. Gilpin ( 199 1) tlcscrihed the prelirni~iary rwults of :L cornputer simulation of movement of' 
individual ii11i~~~i~ls through corritlors. This dcscrihcd Iiiovenierils a 1 ~ 1  rriortality only arid suggested that 
the ~ p t i l ~ ~ i i l  width would tlcperid upon Iiow fi~st the species niovcs x id  how widc awl advcrse i t  i h 1 s  
t11c edge habitat. Wide corridors were Ixttcr t 1 m  narrow o~ics (Figure 13). Their simulations trcatcd 
the matrix hakilat oulsicle [lie corridor its always lethal to the animal uid rnodelled a v:iriety 01 '  atiirnal 
behaviour. They fourid that strltight corridors were superior lo crooked ories arid funnel shapes inlerior 
10 parallel-sided corridors. Despite their cIaiI1i tlu! so~iie si~nulalioris were o f  "relatively intelligent 
animals", in lac1 [he K - U ~ S  tlicy employed for IIIOVCIIICII~ were very nidimcntary; Joluison P [  N I .  ( 19'12) 
fou~id tfial such sirnple rules consisteiilly underestimate red movement ability. Souk m d  GiIpii 
(1991) (lid 1101 rnodcl plarit dispersal, ~ i o r  surprisiIlgly did they refer to Gilpiri's earlier (19x0, 198 1) 
theoretical trealrrieril 01' steppiiig stones i u l d  peninsuias, 

Figure 13 
The el'lkct 01 the width of a corridor o i l  the success wilh which animnls use i t  for 
moveirierir, aiicr simulalions hy Souk & Gilpin (1991). 
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Mcrri:un :uid co-workcrs. rcvicwctl in M c r r i m  ( 109 I a), have riiade rnetapopulation models of patchcs 
col 11 icct et1 h y corridors thal successful 1 y reproduce dct ai Is ol whit cl oolctl I I I ~ U S C  p o p  lalioi I proccascs. 
Thcsc arc inorr relevmt 10 iiiiiliiriurii ;trc;i than to rccolonisatiori, since their findings show that this 
species recoloiiiscs quickly iilld rcadily. 

Johnson o r  , / I .  (1902) suggcstcd that thcorctical itclvanccs in this ficld could hc madc with at 

colrthirlillioll of tnathcmatical or sirriulation models and slurlies 01 tnicro~osnis which SCIVC to scailc 
laitrlscapc proccsscs down 10 :t tr:tct:ihle siie. 




