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PREFACE

I Jure 1994, our family camped for a week i Brachisg Gorge in the: Flindes Ranges
Matiomal Fark in South Auwstrals. In this sodoted mocky valley, widh a colony of the beautiful,
but endanpered, Yellow-footed Rock Walleby less than 200 metres from our camp-sebe; |
storied browsing through recent hiterature on the theme of cormdors, landscape connectivity
andd wildlife conservation. It was anly five years since [ had previousiy reviewed the available
hilerature 15 prepare o sinall booklet on this theme, with particular applicgtion o nature
comservation in sowth-castern: Australia {Beanett 1990a). Mow, the poal was 1o ugsdate that
review and nchicke intemnational examples; in response to & request Trom the IUCH Forest
Conservation Progmmime {or n bk thad woaldd sy ide mformation amd pudelimes on this
subgect,

Indicative of the intense interest and actyvity i this ares ol conservation biclogy, there bas
been & wealth of mew meatenial over the last decade. This incledes sevem] publizhed
conference procecdings, erifical reviews, and a vasicty of papers reporing figld studies,
computar simulations and-application of conceptusl principlas to land-use planning. There 15
als a rapidly growing nuarber of sineations in which ‘cormidors’ of vasous 1ypes ane being
incorporated mile conservation strategries and lond wees. Congaquently, whial st ool (o be a
shoed project tumed inke @ moah larper undertaking and resolicd n the present volime,

Iwo T»..|I-|1L".||:|r -:|1:|||Lr_|'_|.':. Wwong -:_:\.'.'.||.'r|l while TEVTEW T Inleratiore and wihing l|'n,'
oS, Ierst, thoze .1::|-:I|nr: fhis ‘book wiall :|pprrj:|:h ihie boipris Iroam & numiber ol
VIEW s Thiose thil :||1|;I|| be descrihed as :I"*""'l! il |'.rlr|1:|r||':.- wrentilic perspective arg
likely to be most interested in a theoretical understanding of the role of comdors: in the
dynamics of species populations an heferogencous environments. and i the scemt b
evidence in suppart -of their function Othiers, whose - perspective §5 primsarify  that o
conceryatiod, may have greater interestin the conservation valees of Iimkages and information
pertaining to practical ivsees of design, meapagamsent andd land-use planmisg, The struciune and
content of the book have bepn planned 1o encompass Both theoretical and applicd aspocis aof
this topic, but with partscular emphasis given 1o the role of linkages in the conservation af

Bandaversily

A second challenps relates 1o the differing spatiol scales at which Hokages are incorporated
N comeservatiomn rﬂ:lnu_ In |r|r|_*||k|'\-.|‘_|!.--.!L";-ﬁla.'-ru:ll !;|n||x;'.=:|'|r'-_ attenmon 1% often direciad to local
networks of habitet cormdors that link small notural areas: In other siuations; the foous of
thase invobved in conservation planning 15 an major [mkes between conservation reserves and
on thi maintenance of conmactivily within lorge geographic oreas. At 3 broader seale, others
are concerned  wath protecting  nationa] - and continental networks for  conservation,
Recognizing these diverse levels of application, | have sefected examples and case studies o
st the male al |1nL.uJ_[e:H at bath becal and broad spatial seales, and have m:\ll:lll 1%} ||'iu.-|r|r":.'

T-1lll:::"|'l:ﬂ'\1 that ure melevant across o range al -.'|'-.'|Ii_|| seales

A poal i writing this book bas besn to provids on antemationn] perspective by using
examples from throughout the world, Inevitably, the content 15 bissed by the reopraphic
cxpericnce of the sithor (and mine i lmiled primanly o Australian and Canadian
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eonsystems), the peedomnance of Lhe screnlific hteratore Trom western “de '-'|.'||:;'-.|I
counirics, and my limitation to information puthshed in English. However, a number of
people provided information or reprinds. responded to letters. or discussed edeas a1 various
ghitees — thizs broadening my pespective. In this regard Tam grateful to: Boy Bhima {Malawa};
Chrostine Dranzoa [ Ueanda’: Debra Boberts (South Africal: &lan Tyve (Taneanial, A,
Ichnsimgh (India)l Lenore Fahng, Susan Hannon, Bangen Hensm, Gray Memsm and
Marc-André Villard (Canada), Paul Beier, Randy Cuartis; His
Hamilton and William Newmark (LUSA ) Franooise Burel {France): Richard Ferris-Eann and
Figel Leader-Williams (LK) Jans Movakova (Crech Republicy: Jakub Sracki (Potand ), Don
Letlmonr {Switzertand); Colhn O Dopnell (Mew Foalamd): Joce Wi Hentbey, Peldr Brown,
Sharon Dowmnes, Fatnom Coade, Dovad Limndenmiayer, Lindy Lamscden, I-!f|I|'|I| ".!:l:"‘-u.lll:.'_
Dioap Bobinsen, Dens Saumders, Lee Thomas, Kathy Tracy, Rodney van der Besa, Poul Ryan,
Rok Wallis and Grahame Wells (Au=tralbial

“hiird Forman, Lawrence

Drn Gilrmoue, Co-ordinatae of the IUCH Forest Congenvation Programme, has been

supparteee '.hr~.:-:|._|.'|'..-|.l the pircgiscl, ansd [ K n:JI.!:. Spreciale bk palsence in wailing Tor ke final

manuzerpl ot I|-¢|rll'|.| cadniments on deall manwseripes, | nm .|.'_|u1q.'|'u| Ly !-'::H|||| Sac e
[hvrd Linoenmueer, Dens Saunders, Mipel | eacher-\Wallame, [wer Morhansom, Kathy Tr ;
Mary Bemmett, Rodney van der Ree, Ben Atkins and Grvhome Wells, Thanks also s Geal{
Harredt, Sumon Bennett, Lindy Lumsden, lan Marserich'and Charles Sihveira who gensrously
alloweed the use of their photopraphs. Production of the beok was ably facilitated by Elzine
Shaughnessy and Simon Biethergen (ILCRN)

Last, but cortainly not least, | owe &
sustained suppon, encouragement and astistance (n many ways. They have been remarkally

at deb of appreciation b my family for ther

paticnt and tolerant of the time [ have spenton this project, Tregibent]y st the expenseof family

achivities, Thanks Falde, Mark and Graham

Andrew Bennet
Tuby 1997, Melbourms



PART 1

DEFINING THE ISSUES







1 RESPONDING TO AN ISSUE
OF GLOBAL CONCERN

In south-zastermn Costa Rics, biologists work with indigenons  landhodders 1o develop
sstainable forest management along & broad gradient of tropicel rmnforest, from the coastal
lowlands fo the mountain range. In the wet beech forests of Mew Lealand, ormthologists
survey the density of endemic farsst birds in unlogged tracts of Torest between two moumain
ramees, Among imensive farmland in the Netherlands, landscape cocologists measure the
length of hedperows that coanect small famm woods where bird popolateons have been
censused, Inthe mngalands of Taneama, wildlife managers docurmont the pathoays followed
by hends of Wikicheest and Zeben donng sedzanal iMpraliry imevements. Across rural
districts of southern Australie, community volunteers drive along country roads to assess and
imap the quality of remnant stnps 'of roadside vegetation

Whar di these activitees have i common! Es there oocommaon thread among these diverss
actiong an different counlries seioss several contirents? The expmples noted wbove each
illaistrats o way in which seientiste, planners, local eommunities or concerned imdividunls are
proqmoting measures o aksist the movements of anmals or to mamtan the confimuity of
FFII,!l:,:i'I,!:i '|1-:'-'|'\-|:|uli-::-||-. A -:l.'-::-|-:‘:-_.:'i|:a: PrOCEases i th Face of habkitat -:I!.aﬂg-:. Their =tTorts ars
part of o practical pesponse fothe plebal Eswe of habitst destroction, fragmentation -and
tenlation i homan-domomated ::Irll.lhl.'.'IFI\'.'h.

Habitat change in human-dominated landscapes

The Enrth 15 presenily expeniencing changes b ils patural environments  that -are
unprecedented. in histonc tmes, Destructon and degradation of natural habitsts are
widespread and profound and their implications for the conservation ol bological diversity
and the sustainability of natural resoorces are of global significance, Humankamd s
reapanaible for an episode of speciss” dechine, endangermeant and extietron of enormous
proportions, and widespread deterioraton in the quality of mir, water and sals — e basic
resourced on which all of life depends. Such degradaton of the natural environméent s not 8
mew phenomenoa, bul it s the rapidity and ghobal scale at which changes 15 now toking placs
that causes greal alarm (Brown 1981 Myers 1986, Lunney 1991, Houghion 19945 Much
current attention, forexample, 18 centred on the meassive decline in tropecal forests and the loss
of hodiversity that this entmls for these beologically neh envindiments. A recent catimate
placed the rate of deforestation of tropical <losed forest at 10,7 million he per year {Houghton
1994, an nrea more than rwice that of Switzerland or Costa Rica, or three fimes the size of the
Meaherlands, being cleared every year. However, it 15 not only tropical countries thit sre
experencing deforestation aind haldtal loss; sunilar change 15 occumme 10 many coumines,
including those where extensive clearing has aleeady faken place. [n Australia, for example,
the rate of clearing of natvie vegetation over the decade 1983-1993 was estimated o be
500 (a per year {Department of the Environment, Sport and Termtores PR35




Linkages in the Lanascope

Clossty coupled with the issue of brosdseals lose of natural habatats is the challenge of
r|1.|'.|||.|-||i||.|:l; iIIIl:I ELINISET 'rill..hl.'.,.lli.'! l\.i.i'-"’.'lh.'|:|- i.l'a I-IIIIIhLdllL':"I TI5FKY Iil'lll:lil'.‘l['.'l.l .:i_h' ]I'.IJIII'.IL :iIIIII LisiC, |I1
iy such Inrsdscnmes, large nugtural fracts are |‘|-.'::||r|1||s|r. SEETTE O nd |-:'c|_|!-.'| ekl Remnants
of the oatural envionment mereasingly coour as a mosaw of largs and small patches,
gurvivors of envirtmments thit have been corved up to develop new forms of productive Tand
wai for humans, These patural feagments range frome large: blocks that may be set agide ag
nalure peseryed, W LDy remnals surounded by stensive lond use. |'||H|.'!|:||.| they provede {he
habins U which the conservation of muach of the florm and Caiing i dl."-.ll.'-l-:l'pcl‘l |i|.||.l:'_'5-\.:ilg!q'$
1||I_||1|.-'|I._-'_'r.' Llrprnd:. |'h5'|:=||11||c'-:|! the workd, reserved] areing dedhicated 1o conservatbion are
refatively fewein number and scattered in bocation. Success in consening Earth's biodiversity
will Juepety depend on the capacity of plants and uninsals to survive in frngmented landscagpeq
dominated by smesns

Understanding the condequences of habilat change, and developimg effective siralegies o
maintain bupdiversity in developesd and disturbed landscapes, 50 muger challenge 1 both
seperiiests and dand iaagers In the sciEnb s commanity there s heen '\I.I'll'!1|__l|§|||'..l.".|.'l n the
relatively new disciphine of conservation brology. Although there 15 substantial overtup with
other areas much os wildlile managemend, forestry, lnndscape ecolopy, populabon genehcs
ond much of traditional population and community ecology, 8 key clement in conservation
beology is its fundamental focus on reversing the decline 'in biodiversity and ‘extinetion of
apecied an Earth, To be effective it mosst integrate scientific skills with applied masagemeni
and policy in onder o achieve plactical oulcemes tin have long-tenmn benelis for species and
biclegical communitics. Issees addressed in conzervation biology encompass broad themes
such as the sunud, management and recovery of threalened species, the viabihity of small
populations, the impacis of habitay loss and disurbance on plants and antmats, the design of
peodectod prea gysberny, and the dymamics of threaténing processes. on populations and

CET Il1i 1 il."‘i.

For Bind managers, the challenge i=-%0 desipn ond implement land-use strategics that will
et the conservation of natumi resources in the face of competing demands for land use
s 15 especinlly imporant for government agencics resparsible for the admini siration and
management of lange arcas of land, but alse relevant o commanily groups and indivicheals
managing small parcels of land in fragmented landscapes subject to o wide mnge of lind uses

Linking habitats to enhance wildlife conservation

One of the earliess practical recommendations for land use to arise from studics of habitat
fragmeéntation was the propesal that fragments that are linked by a corridor of similas suitahle
habitat are bikely fo have grepter conservation value thar isolated fragments of similar aize
{Dhamond 1975; Wilson and Williz 19751 This initial recommendation was baged entire Iy on
theonstical  considerations: |:||.i1r|a-'.|i|_'.- sLemiming fremy . asdancl h|:;||_;{'||t_=|:.;||,1|||,:_' theory
Subsequently, protection or provision of continuous comders of habiiet to link solates such
a5 nafure reserves, woodlands o patehes of 9ld-groath forest have been widely recommended
a5 conservatlon measures 1o counter the impacts of habilat reduction and fragmentaticon.

Fhe concepd of comdors as a conservation messure has besn lnghly successiul in catchiing
the attention of planners, land manzpers and the community snd & wide tunge of “wildlife
porndors’, ©landscape finkages®, “dispersal comidors”, “green belts®, ‘preenwayvs” and other
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forms of connechng festures hawe been proposed, drawn imte conservation r"l.'lrlri. Or-arc now
under active corstruction or ma Nagcmenil These COCOIMHASS . & Fange uf.«;:;liul seales &nd a
vanely of leviels of sophistication — feom arlificial tunnels aadd inderpasses that assist ammals
e mowe aenges local barmiers such ag mads and milway lines, bo major tractz of undisturbed
matural fosesr that link reserves al h||_-;l'. and low' elevadions

In many. ways; the ascceptance of cormdors as o concept for biodiversity conscrvation hias
ogtpaced scientifie understanchng and the coflection of cmpirical data  [espocially
ll'?‘:|'|l."'r5|'|'a.'|'l“ll lata | on the Fe QULTCINCIES al'.."'-.;'.‘l\.'"..'-l.-": and compmemitics and their |'!I'l|.I:1|'.riI= use of
linkages. The implementation of Hinkages of various types has peoceededd with linle practcal
information o gunte thei AL, location and management. Al the miost hasic lev ol our
knowledge of the scale of movemeniz of many animal HpeCied thesr hahatne Tequirsmenty,
tolerance -of disturbance Procasses amd Tactors that copstrmm oF enhance their movemens
through human-kaminsted landscapes, is hmited. Thers 5 even less understanding of the role
Lhat irnLllt:u\C .-|1r!r|'.! |'|| 13 im the consersnivon of ]:-I.;; mit ::p:,'ci{"\c and cormmumiiies

W hoy s there been such wadespread inierest in comidors as 8 conscrvation mcasune? First,
the concept B mhutively appealing as a practical measurs that eaponds dircctly to the
=olating effects of hahitsl fmpmemation (ie. if isolation of habitas s the problem, then
linking them tepethar is the sohstiony In this sensc i i5-also & visible solution teoa visible

problem, Habitat fragmentation s generally 8 sinkingly obvious proc especially when

vigwed fromm the air or from an ascial photograph (Fig. -1k Equally, hebitat comdors area
wisible sign of efforms (o ‘mend” the fragmented lndscape (handages for o woonded nstural
landscape’s Soulé and Gilpan 1997k Seeond, the concept of providing linkages for
conseryanen can be .1|"l|"||.||.'|J ar weveral scales: oo relevant both 1o local conservation efforts
and to |l.'_|.:_i-::|u.| or fpatianal siileries, Il enviromments, habital hnks can be :7|='|'-1¢-;:t|,'d
mamaeed or restored i1 the level st which indivndusls or commueny EFCUPS are able ko CAITY

out conservation waorks; Wis feusble for lecal communitics o sctually "do something about’

1A

ng lnkages in thear locad envirtmment dnd to se visible envicnmental change a5 3
resull, Chber. global environmental 1ssues such os greenhouse warming, popalation growth,

less of tropical forssts and desertification of and lands, often scemn outside the scope of
Hhivadui] ar comimamity action

Corridors and controversy

The -:*cg*]-.mnh of mterest in coeridory hag not been withou ~:-::|:|'-Ii|.:i~||:|.h criticisim and debate
[Mods 1287 Sicnberladl and Cox 1987 Harsiz and fju|3:|y||-_'| 18RS Hames and Scheck 1997
Mithaolls amil "-.tilrguh_':i 1001 Sieleenbucg 1901 Hobbs 1902 Sinberlof] of qf 1902
Andrews 100V Ragmer 1994 Hedz 19945 and the conservation benelis ;'n-'!::'r-lml';_:,- gain-_—:_‘.'
from cormdors have become o contentious 1ssue. Craticisms have centred around thres points
{see Uhapter 4 for further disbussiond

* whether sufficient scienfific evidence is available fo demonstrate the potential

conservation benefils ol cormidoms;

* whether the potential negative effedts of comidors may, outweipgh pny conservation
value:

-t
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= whether corndors are & cost-effective option in comparizan with ofher ways of wsing
SCATCO COMEHryaAtion resources.

There i now an intense seientific interest in this topic that is proceeding on szveral fronts,
severnl scientific: symposa have addressed the theme of comidors and linkages (Hudson
1991; Saumlers amd Hobbs 1991 reviews have been published (Bennett 19904 Thomas
1991; Hobbs: 19%92; Moss P%93; Lindenmayer 19%0: Wilson and Lindenmayer 1995) ansl
there-s5a growing stresam ol screntific Tilerature presenting new data from computer modelling
(Henein and bermam 15590 Sauléand Calpin 1991; Baerand Baur 1992; Burkesy [995) and
figld studizs (Beler 1933, 1995, Lindenmayerand Mix 1993 ; Bennett & al. 1994, Dunning &
ai, 19950 Haas 1995; Hall 1995 Machtans e af 199G Sutcliffe and Thamas 19%60) Other
selentists have emphasized the necd Tor expenimental stidies @ provide conclusive evidence
of the value of comdors (Micholls and Margales 19590 Inglis and Underwood 15%2),

Bt have the eniticiams and the scienbific debate abeut comidors addressed the fundamental
issuesT Saveral points are relevant here, First, mach of the debate has hod a sarrow focds on s
peirticuifar type of linkage (£, confinuous commidors and on o paricolar tvpe of movemont
{dhirect dispersal of animals between two fragments). The scope of the topic mist be
broademed to the more useful sz of maintaining conmectivity 1o developed lindscapes (Boa
1=1) Second, most siodics of animal movemesiz and therr ese of habital |1|.'|L.|._|1-::-: are al the
local scale — the level of fencerows, roadssdes and bl gerows deabing with small
popalations that are generally sepomted by distances of o kilometre or less [ts at this scole
that much ofthe evidence for the wse wnd benefits of linkages has been obtnined and, likewise,
knowledge of the Bxctors influencing desipm and management of linkages, Even at this scale,
expenmental studics pose extraordimary difficulbies (Nicholls and Margules 1991 ) and a long

Figi 1-1  Fragments of forest vegetation refimed wmonget fermland st Saringal Esst,
stuth-wesiern Yictoria, AEiralin. {Fhoto: 5. Bennett).
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Box 1-1 Corridors or connectivity: what is the real issue?

Clontroversy amd cntical debate over the issue of 'comidors’ has had a namow focus. T
hes concentriied onconfinuous lingar strips of habatat and whether dircet disperaal
movements of animals through such strips will improve the consesvation slatus of
ptherwise-isolated populations, Other types of connecting habitats, such as stepping
stones or habifatmosaics, other tvpes of movements, such as daily foraging or migratory
movemnenly and other way's that miovements can faciliiate confinuity, have la rgﬂ:-.- been
:|.'In||n:|I |:|3.I crities. In many Wiz, the debmie has missed the point,

The fundamental i==ics at stake are the effective conservation of popalations and
commanities andd the mainkénances of ecotogreal processes in landrcapes that have beon
heavily disturbed and fragpmented by haeman activities. A& ey question can e framed:

Are popridiations, communiiled’ aid natiral ecological prodesves more (ikely fo be
malnraired in |'arn.-|'.¢.--|r,m:.m that CONTERLEE o Ifercorred iad svslem of l':'.-'.-.l':!rl'.uh_ them im
lordvcapay wherd natweal  kabitalt  ovour oy ol epersed  penippizaiiy-isolored
frogpments '

Few -ul.'-::-h:p_:l':-;l.'\. o]l nrgue lor the lotder coss There can bBo litgle doub® thnt
movernes of animals and plants and the flow of wind, water, materials and biota
hetween habatats 15 a key element in the functioning of natural ecosystems {Forman
1905; Wiens 1995), A second question can then be pozed:

‘What is-the most effective pettern of habitats in the londscape 1o ensure ecologienl
COPTECRVIEY JOF Species, commERines and coplogion! processes?’

There is considerable room for debiate and analysis on this batter gquestion md it i in
this context that comdors, along with other halatat configemtians thatl enhance
conncctivity, can be reviewed. Cofsequently, the emphasis of this book s en
‘connectivity ' rather than ‘corndors' ger e The primary thesis of this book 1s that
landscape patterns that promote connectivity for species, commemties and ecological
processes are & key element in nalure conservation

time seale 15 required to obtun meaningfal results, However, from & conservation perspestive,
fny impirtant opportunties lo prodect wiwl mEnaps Hr.kugrs are 4t the landsc APE 4T r¢g||:~11.||
senle, such as major binks between conservation reserve s o mssist their long term viahility, It is
mpsstble 1o carmy ouf expermrental studves at thas scale and the time frame over wiach the
benefits of conmectivity fo conservation reserves must be assersed is decades and centurics,
miat years

Mcarwhile, interest and enground activities by land managess arcund the world have
continued apace, The ded and developrment of new hnkages continues in 2 miltiede of
ways, Mmim small revepstation projects by Jo al commumnitpes (o ambitiogs contment=wide
schiemes thaot am to redesign the way that hamans Dive ' and use the land. The need for
ecological hinkages is pow recopnized as a fundamental principle in land-use plenning and
tand manzgement in developed landscapes {Smitho and Hellmond 1993 Fenmwan 1993
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Fongman 1995; Drametad ot o FO06) However, many land managers are desperately seeking
infornation ad the best available advice aon how to SEsEgEn |1||['I|.|'.|-.:|1I angl ITELARE habital
||'I.k:-'||_-'_'|"k. that will be eflfechve in consersy mg beodreersaty in thesr environment. They must
Mk declsions mow concsrmng futurs land wes, befors options are limited or foreclossd by
furthar development (Hobbs 1992%

Connectivity

The emphasiz-of this book i on the value of 'conneetivity' rather than the merits of corridors
perae |Box 1-17 The pnmary thesss is that landscape patterns that proamals connectivity fos
BpeCies, COmrun
i L irl"|||1'|l.'lﬁh bl

ties and ecolegical processes are a key element of nalure congervation in

ed by hurman impacls. Accondingly, it s useful ot this stage 1o discuss
whal i meant by “conpectivity”, This thame 15 developed Nerdher in Chapier 4

The comeept of cotmectivily 15 used to descrbe how the spotinl amangement and the guality
of elements in the landscape affect the movement of organisms among habitat patches
[Mermam 1984, P91 Taylor e ali 1993 Forman 1995). At the landscape scale, coniwectivity
hies been deflined os “the depres to which the landscape facilitates or imgedes movement
amang resource patehes’ (Tayvlor ot all 199375, It = critical to pecognize hat a landscape i
'r"l:'ll:-t:'-'l.'d d.-l:|-\.:|l:I'.1|_'\-' |.l_'_-' differeat -.|:-C'l’.i-\.':~ and 5o the level of conneshivily vanes Between
species and hetween communitios. A landseape or local area with high conneetivity & one in
which individuals of & parie ilar Species CEl mMove freely batween suilible habitas, such as
favaured Ly pes of viogotaleon for :-::-ru_i'lrl;:,_ o diflerent h.||'-|l,,5.l'\- n'-.;.urnl b ‘--:'-r.1g|r|;-_l_ sl
shaltar. .'"|.|Iq.'I?IuIi".C|_I,. | |:|'.:-.!:u.'.|[:q.' wilh o conneshviiy 18 oné m which imdhvdaals are
seiierely  constradned from moving  betwesn  wlected  habitais (Frg. 1-2). A particular
landscape or region miy, ol the same time, provide hich connectivity for some organisms,
such as mobile wide-ranging birds, and low connzctivity for others suech as snails or small
.xEI.IL".It.I.I:h.' :;';1I||.-e'\.'

Fig- 1-2 A patchy landscape moy, ot the same fine, offer a high lovel of eonsectivity for ome
-.-|.|-|.'[“|E:- {a), and a low level of conmectivity for annther species (b that has difficuliy
meanving amsongsi habitars.
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There are two main components: that influénce potentisl connectivity for 4 particils:
species, communily of ecobogical process — a structural component and a behavioral
comporent { Beanett [95%0k&) The structural compenent of connectivily = deterrmned by the
spatial armengement of different types of habitats in the landscape. It s influsnced by factors
siich as the continuity: of suitablc labdtal, the exient ancl length of paps; the distincs (o ba
troversed, and the PICERENCE of” altermative ::l.l.l'lll.'.'ﬂ:,,':q. or nebwork properties, It refers o the
mappable, spatial srrangement of habitsts for which a number of quantitative indices have
bseen proposed (2.9 messures of circuitry, mesh size, fractal dimension}{Forman and Codron
1% EG: Formam 1995

The behovioural component of connectinity rolates to the behaveourm! response of
inchividuals and species o the physical structure of the landscape. 1t i3 influenced by factors
=1ch as the scale ot which a :-\.|'r|.'l.'i-.‘:.~\. [ECECCAVES aned maves within the environment. its habiat
requirements and deproe of habdtat specialization, s tolemnce of disturbed habitads, the hife
stape-and timing of dispersal movements, and the specigs’response to- predators and
competitors. Consequently, even thokph hwving i the =me landscape, specics with
contrasfing behaviowral responses (to habitat disturbance for example) will cxpericnce
lJi1'I'|.'I|.|'|-_.' lavols of connsctivily,

Throwaghout this book, the terms *link” and “linkage”, rather than comidor, are used 1o refes
i arrangements of habitat that enhance connectivity for specics, communitivs or ecological
processed (Box 1-2) The term “comidor’ has been wsed in a variety of woys and can have a
number of different snterpretations, Further, it 15 imporant 0 emphasine throughout that
commeclivity can be merensed by arange of habial pattems. not only by contimuous cormdors
ol hatitd. For clanty, a numbar of terms used in this ook ane sét out in Box -2,

Scope of this book

First-and foremast, this volume is intended to be an information source For pracitioners — for
those scienlisis, |.'|.1I'|I'r|.'z_-|.. Lund o LLaagois, conservabion apenoics, cCOmmAamity Eroups, students
or-individuale who are prappling with the guestion of how waldlife can b conserved within
d:_'-.'ﬂl_.r.:n_l l.ll‘lq]'_-:l:'dg.‘h:h: and who ask whil role |"nE:|3_-.-.:~ |'||5|‘|I r'|-'l‘_'.' lts _g-"\ql 15 to furmish
practiticners with an undesstanding of why measares that enhance landscape conmectiviry are
imiportant, how such nkages can benefit the conservation status of wildlife specics, and the
ImpoTtant isswes that need 0 be consuered in insorporating and implementing these concepts
into conservation strategies, To this end. a large number of examples and case studies are
Teatured, drvwn from many counines throughout the world They are intended 1o place these
issises in the reality ofwildlife conservation in diverse environmants that are facing an amay of
dafferent circumstunces and challenges. The text is extensively referenced throsghoul o
pronvide reaclers with access to the source liteeature for examples and case stidies. and as an
emtry inte this prowing field in eonservation lology,

The rterial in the beok 12 binged towards amimasl p’_lpl.ﬂilr_:nn;c i a.ss.{-n'.'l':.l.ig:s._ and the
use of the term “wildlife” refers in this confext pnmanly o indigenous pecies of verichrate
arad anverichrute animals. Although there 15 substantial evidence for the value of linear
features and other linkages as habitat for plants, there is Limited evidence of their role or
impl:urtil.'nu in the dl:—j’!h:“['.-iHJ of _-;'.'|:|.I.L= I!'|:Ir||_-g|"| 1l !uu-.Lﬁ.L'arh.' Laee Fasllard er erd. 1974 Hellrwell
1975: Farman 1991, 1995 McDowell of af 199 Foie and Memam 1993 for om
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Box 1-2 Corridors, linkages and other terminology
A number of termis sich o= “habiat comdor’, ‘movement comdar”, “wildlife comdor’,

term “corridor” has been defined in a variety of ways. Different definitbons com imply
different hahitsd structures of Torms of wse, sothat it s oot olways clear what 15 meant, |
have chosen to use the terms 'hink' or 'hinkapge' a5 geperal terms to minamize this
uncartainty, and, i porficular, to emphigase thal connectivity can be increased by 2
range of habital configurations, not onky by cormdors, For clanty, the wse of teoms in
remaning chapters in this book 15 a5 follows

= Link, linkage: CGereral terms peferming o an armanpement of habstat {noi
necessanly Hnear or contimeses) that énhanees the movement of animals or the
continuity of ecologioal processes through the landscape

* Linear habitat: A general term referning to & hnear stop of vegetation, Lincsr
habitats are not necessanly of indigenous vepetation and do’ not necessarly
provede & conmection betwaeen two ecalopieal solates

= Hahltat carridor! A lincar sanp of vegefation that provides & contimeous {or nesr
combrmesus] pathvway between two habitats. This term has no implications aboat 1§s
1 i

relative uie by animals,

= Stepping stones: One or more-sepirafe patches of hatatot 1n the mtervening space
between coological sofntes, that provide resobrees and refuge that assist anmals
ko move throsgh the landscape

* Lanmdscape linkage! A genera] term for o linkage that incresses connectivity ut o
landacape or rogional scale (over distances of kilometred to tens of kilometres)

T g.-;':il.'J.”_-.-. i !II'.l:.‘iHL"‘l COMMIE ise broad tracts of natural l.q.'l_.__'I:H:illll

» Habital mosaic: A landscape pattern comprismeg & namber of patchy intorapersed
habitals of shlTefent quality foran animal species

miroduciton). This volume also gives scant attention to linkages such a= grecnways, urban
parks, recreational trails and other linsar features whose primary objective s for human
recreation o acsthetie anjoyvment, A valuable imtrodoction o the desdgn of such landscape
features is given in tha works hg. Lattle ( Y990k, St and HeBlmind {1993 b and AR { 19955
The Toces of this volume s on the Hmparancs i ::|1|-c|-;-:.:|_7|-\.'- COTm eIy Jar thie Conseryalion
ol '|'~|-'-|1'-'|'1"\~|'._-.l Howeyer. the p||'|'1|r'i|| overlap m values, and also the F'"E'-'"-"“] conflic
Between hinkagss designed for recreation and the requirements for wildhite consersation, anz
1ssnes that warment further consideration

The thesis of the book develaps theough thees pars: defining the issues, assessang e
vitlues of Tmkages, and evaluating the role of connectivily in sonservation strslegy,
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Defining the issues

The dynamic. process of habitat loss and fragmentation has profound mmplications for the
conservation of flom and fauna throughout the world, Major consequences for wildfife are a
logs of species from fragments and entire landseapes. changes to the composition of faunal
sssermblages, and changes o ecological processes mvoiving ammal specics (Chapler 23,
Isolation of habitats, a fundamental consequence of the process of fragmentation, also
influences the status of animal populations and communities i developed landscapes.
Minimizing the effects of isotation by enhancing landscape connectivity is one way 10 counter
the adverse effects of fregmentation, Pragmatic and theeretical approaches that address the
staius ond conservation of waldlife in hetarogeaneous environments {Chapter 3 each implicitly
recognize the impontance of maintaining habitat patterns that allow animals to move through
midificd landscopes,

Values of linkages

Landscape conncctivity may be achieved by several main types of habitat configurations that
function as linksges for species, commumibies of ecelegical processes. The spatial and
ternporal scales over which animals require connectivity is also an important consideration
Proposed advanisges and disadvantages of linkages dre sumimanzed and sttention 15 given to
the concerns that have been roised with regard to habitat corridors (Chapter 4). Linkages are
psed as pathways by animals undertaking o range of movements, including daily or regular
movements, seasonal and migratory movements, dispersal movements, and Fange expansion
Stushies o the use of linkages wre reviewed 1o evalunie the ways in which they enhance the
conservation of animal species-and communities [(Chapter 5. Linkages also contribute 1o
other ecologieal Tunctiony in the landscape and, in particular, have an important role in
providing habital for plants and animals in human-dominated snvironments {Chapter &)

Connectivity and conservation strategy

The linal secnon considers how the conceps of fandscape conpectivity can be most effeciively
incorporated into conservation strategy and actions. The value of habstal linksges can be
maximzed by addressing brolegical issues relafing 1o tocation and dimensions, fampogition
and quality of habitats, and behaviouml ccology of the species that will use the link.
Socio-political issues thit affect the management of linkages must also be congiderad in the
development and implemensation of practical actions {Chapter 7). The role of hinkiges in
conservation sirategics i5 then explored in the context of an integrated landscape approach to
consarvation. Attention is alse given to criteria for assigning values and pricrities to hnkages
(Chapter &), Finally, & range of case studies are presented (Chapter 9% to complement
examples throughout the teat, and to dhistrote the diverse ways i which land managers are
plonning, implementing, of presently managing linkages for conservation

.'Sll."ﬂ'ﬂfﬂlj.:'
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2 HABITAT FRAGMENTATION AND THE
CONSEQUENCES FOR WILDLIFE

Finbatol loss and Frgmentation have been recognized theoughoot the world a5 a key issue
facing: the comservation of Mological diversity (IUCH F9300. As the global population
Increases. less und less of Earth's surfice remuns Tree from human mlefference, Huoman
sctivities kave modificd the enviromment o the extend thal the most common fandscape
patlorng ans mosaics of human settlemenis. farmbanc and scpiierel fr.|.|_§rn::nl:-. ol matursl
ECOAYAICIS. . MOST Conscrvalion Tescrvecs,: cvien I-:'|r;'='-: MESCTVEE, BTG h?l}:"ltlilg I'Wr'\«.":ﬂ"“r‘:[!l]"
sirrounded by intensively modified environments and i the long term appear destined to
function as isalated natural coosystema

Before considermi the theoredical basis aml practical cvidence for the importance of
landscape connestiyity n conservstion, 1t 15 necossary oreview the issueof habtal doss and
fragmentufion as the underiymg problem ie be addressed. Changes in the smius of wildlife
popalations and commumitics resulting from the déstroction and fragmentation of their
hnkitats hos been the primary stimalus o land mamsgers o wke practical astion W msnian or
restore conncctivity of habitats in developed londscapes, The obhjective of this reyview is to
provide a bagis for understanding and evaluating the podential role of lmdssape connectivity
i the-cosscrvation of histe: This chapter bnefly considers m tuon:

= ghanges to lai=cape parterns ansng from fragmentition
« fhe oifocts of fragmentation on wildlife popalations and communities;

= thie srmplicitions of isolitaon By species and communitics

Fragmentation and changes to landscape pattern

Hahtal I'F.J.J:rn'n;_'nl:n::'ur. 15 @ - dvmmmc precesy thae resailes din iarked L'.'lullgth o thee pattcd af
habitat in o landscape through fime. The term 'frgmentation’ = generally wed to desceibe
changes that occur when farge Blocks of vegetahion are mecimpletely clegrad feaving maltiple
smaller blocks that are separated from each other. The process of fragmentitson bizs three
recopnizalde companents (Fig: 2-1);

= an overall foss of habitat in the lindscape {habital loss)

= reduction 1o the size of blocks of habdtar thal remsain following subdivasion and clearing
ihebitat reduction); and

o ereased teofotion of habitnds a8 new land uses occopy the intervéning environmem

(habitat isolation).

We may wish to idendify the conseguences of each component separately 1o Dally
understand the rmpacts of frgrmentation, but it is important o recogneze that they are cach
closely linked as part of the process of habitat change (Box 2-1) The dynamic nature of
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Fig. 2—1 The pracess of habitat fragmeniatien has three componenis: (s} s averall loss of
hnhitat: (B o reduction inthe siee of remaining habitacs; and (¢} an increased isedation
of habitnis.

fragmentation is-most strikingly observed where @ seres of “snapshot” views of landscape
patbern are avaikable Tor successive intervals (Box 2-1) (see also Curfis | 956, Webb and
Haskns 19840; Saunders ef al. [993)

Changes 0 landscape patiérns ansing from fragmentanon can be readily identified and
desonibed by measunmg attnbutes such g3 the total area of remaining. nafusal habitat, the
size-frequiency destnibulion of Tragments, the Shapes of fragmients, thae mean distance bebwesn
fragmenis. and-the level of contrast between habitats and adiscent land uses. Thess changes i
spatial paticm #nd amangement of hobitals also st in oin 8 senes of ofber changes as
coological processes ame madhhied moomspense to the changmi habitat geometry. Such
gcological changes can have far-reaching effects on the Mo and faina, The soal il wisten
resources, and on human ccolegy (Forman and Godron 1986; Saunders e ol 1987, 1991,
Forenan 1995 ) The conseguénces of chanpees i landscape patiern on ecosysiem processes is a
fertile Tield for rescarch that has direct relavance to consérvation management (o2 Lovejoy el
al, 19548 Hobbe 19493a)

Total amount of habitat

Linbess sccormpanied by active replacement or regemnaration, habitat fragmentation mvariably
mvakves o overall loss of habidal onoa |:|.|'::'.u.':|;:q. seale, The [ralicn of hakbitat loss and
reducson 1% most visthly obvioas wherne there 15 5 \.l'.:u-,'- contrast hetween the wegerlalon
gtructure of the [rmgments and the altered landscape, such as for woodland vegetation m
grassy farmimnd

Hivwever, habitat Tragmentalion 15 nol always obvioos: in some seleateons, habitat loss,
reduction and solation may be significant in extent but not wisibly apparent, For species
dependent on old-growith Toresty -\.:-CI'._\._'I::irI}_: T I'|:|.-'.-'2:-;Ii::_._' resinliz in ncreasingly fewar
arcas of old ondisurbed forest, However, because there s usunliy u|:|1'«i|'r|l.|:'nl forre=d
regeneratton, the decling in arcas with fold-growth” features such as large old trees, lurge logs
and desp moist litter, may not be readily perceived by the untmaned ey wathin the continoogs
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cxpanse of forzst, Likewise, frapmentation and replacement of mative prasslands by swards of
chodic pasture grasses may not grestly change the appearance of o grazsy plain, but has magor
cooloEical effects

In & typical example of fragmentation, the landscape is initially deminated by natural
wegetation with disturbamce from human fand use creating small clearings or inroads alonp
ecdges, As the disturbance proceeds, the number and size of clenrings increases, the natural
vepelation becomes subdivided and folited 2nd the tial area of natural habitat declines, A
crifical point 15 reached when the distarbed land, rather than natural vepetation, becomes the
domanant Teature in e Tandscape and ihe |-|:|._1|1|-.1u|'- are increasingly isolated. As the Lal
arca of natural vegetation declines, a change ocours in the balance of ceological processes that
ih:apn.' the struciura and function of biotie communitics in fragm-:n,:,_-., Pracesses an “'i“i-' from
surrounding land uses become memeasingly more important than mtermal processes as the
driving mfluence on the status of the Adra and faund (Saunders e ol 1990 Hatla er of, 19930},

The hydrelogic cycle 15 one example of an ecosystem process that 13 strongly influenced by
the totnl amount of natural habitar in the landscape, Rainfall patterns, sodl infiliration rates,
runctt nmld Hlooding are all sensitive to e amoont and nature of the repional vegetation cover,
In stuth-western: Wesiom Australia, o examphe, n major effect of land cleanpg for
ggricufture has been 8 documented mse inthe levels of water tables resulting from a reduction
i evapoirensparation by thees and shrubs (Hobbs 199530, The rising water talile brings salt to
the soil surface and an estimated 62,500k of land 15 going out of sgriceltural production each
year (Hobls 1993a), Nature reserves anil woodland fragmentz are alse: vilnerabla ta this
degradation

Sizes of habitat patches

Fragmentation, by definition, implies s reduction in the size of remaining blocks of kabitat, A1
First, extersive tracts may be subdivided into a few large parcels. As the process conlinues, the
mean &nd modal size of remmining fragments decline. Typically, the size-Trequency
diseribution of sermnants o fragmented Tandscapes 1s stronly skewod towards srmall Blocks,
For example, on the Fleornes Peninsuln of South Auwsiralia where only 955 ol the 1 500km”
region now sipports natursl vegetation [Williams and Goodwin 19821, 67% of the remuining
5dd forest putches are less than | 0ha and only thee are larger than 500ha (Fig. 2-2). The same
skowed distribation is found penerally for the sizes of national parks and nature reserves that
mereasingly are becomang isolates surrounded by developed land (Hopkins and Saunders
1987 Shafor 1990), OF a total of F2N) nature reserves i the Netherlands in 1982, only fine
(less thon 1%} were lasger than #Ika whereas 275 (22%) were less than 40ka {van des
Maarel ERE2 cited in Shafer |9

Large tractz of habitat are & searce and precrous resource. [t (s casy to produce many small
patcles, but large tracts are essentially imeplaceable and have many intinsie ecological
valuss, Among those attributes positively correlated with size of habitat tract are the diversity
of vegatation ypes, the likelibood of sccurrence of rare or spectalized habitats, the richness of
plant and animal species, the size of populations snd the sustainability of natural disturbance
regimes, In pariculir, the maintenance of natural patch-thmamic processes in fragmented
landscapes is critically dependent on there being tracts of sufficient size fo sustain a mosaic of
hiabtats that cormespond 1o different states. The presence of o mmtural mosaic of fire-induced
wogetation classes, for example, is dependent on a fragment being sufficiently large that a
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Box 2-1 Forest fragmentation in south-western Victoria,
Australia

A study of Band use, forest fragmentation and histaneal change 1o the mammalian fauna
{1 0 20,0040 ha study area in south-western Victoria, Australia, provides an cxample of
the process of habite loss and fragmentation {Bennett 19%0c). Prior o European
setiletment, cormmencing in the 18405, the area was heavily forested and used seasonally
st infrequently by Aboriginal people. The dense forest vegetation and infertile soils
were ot Bivoured for subsequent postoral settlement, and forest cleaning was initelly
sloow, Mliost forest Joss has occarred during the 206h century, particulariy afier 19440,

The process of forest frigmentatisn has had three componenis: an overall loss of
forean, & pProgressive ET_'.::'.TI'.{'!H:IL on of a0y i'-'i'.lh' forest stands mto smaller blocks, and &n
increasing spatial isolafion of fragments theough time, In 1942, about 31% of the ared
remained forested; by 1971 forest cover had been raduced to 129 and by 1%ED ot was
approsimately 9% of the study area, The forest vegetanon has been replaced by
farmiland wsed |1|.¢i|||_l.- o da.i:.'_'r' r:ll'l'nlll[l ond beel calile |||||||m"|i-.':||.. I B2 et forest
cover was interconnected, bt by 1980 forest cover comprised miny gmall and isoliaced
fragmends, of which 92% were bass than 20ha and none was larger than 1060 ha | Bennett
1990c), Remnant forested strips along roadsides and streams (nol shiowen in the diag ram)

conmect many fragments and ameliorate the isolating effect of inervening fanmdand

(Bemnett 1988, 1)

Clhanges associated wth hahitst boss and fragmentation mot anly relate to the spatml
pattern of the vegetation; The structure and somposition of the vegefation are also
affected By land w=es zssocinfed with forest clearng. Almost ol remaining Torest
vegetation is privately ovwned and most has heen preatly modified by alered fire
regimes, extensive Telling of trees for fuel wood, priring by domestie stock, and weed
invasion. Forest patches subject to sustained prazing by domestic stack progressively
lose their native understorey leaving the tree laver as the main oatunil ebement
remuiming,. In 1983, mes of the siudy arca was burned by a severe wildfire that
consumed almost all forest vepetation in its path, snd alss resulted m nime human
fatalities, the death of 14,000 gtock and loss of 137 houses.

AL beast 33 specics of native mammals are known te have cceurred i this area, of
which six specics are oo longer present and several others ure now rare. Several native
species have partially adapted w the modified fammland environment bt et jacry
depend on the mosaic of remnant forest vegetation for their continued persistence in the
area, Sia species of introduced mamnials have csiablishad feral populations 1n the area,
inclading new predators {Red Fox, Cat) and competitors (Black Kat, House Mouse,
Eurnpean Rabhit) for native species, Mone of the remaining patches are of sufficient size
i maintain viable populanons of native mammals an the long term, Persistence of the
natiye mamimal fauna in this rurel landscape depends on the extent to which the forest
fragments can fanction as an imtegeated system of natural habitat {Bannett [#Ec)
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Change bn forest cover wl Maringal, south-western Viglorks, Awsiralia, ilhotrating the

process of Eabiial loss snd Frapmenistion in 8 rural environment, The study dres s
approximately  M0MbBs 0 slze.

From Heosetl {1%90c) with permission, CSIRO
Puhlications, Australia.
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Fig. I-2 Size-Trequency distribelion for remnant patches of natmral vegetation on the Fleurion
Peninsula, Sowih Ausdrafa. The biss tewards small habitats [even with & bogarithmic
ecale) Is characteriziie of fragmenied landseapes. Doda from Willlams and Goodwin

{1028,

single fire does not reduce all ofits vegetation 1o the same stape, The maintenance of natural
disiugisance regiies i particularly imporiant for the long-term viahility of national parks and
conseryabion regerves | Mckett and Thompson 1978; Baker 1952

Isolation of habitat patches

Bxolation of fragments 19 also a fundiements consequence of frugmentation, Patches of
wobdland become imolated by cleared farmland; urban forests are separated by strects, houses
and roads; old |'-_'r\-:'-.'.-1|| torests are surmoundsd Ll:- Il.'-g-.'lll.".ati.lq:_ I-ln:s-l; heathland remmants
diaappear among pastures; and neture reserves ane sorrounded by 2ones of intensive human
nctively

How can we measure isolation of fragments? In a spatal sense, rsolation can be measured
by a variety ofindices such ds the distance 10 the nearest larger habitat fragment, the amaount of
suitable habitat within a defined radive, or the presence of linking habitats in the intervening
space [Forman and Goedron 1986; Askins e of, 1987 Forman 1995), 1t s essential that
isolation 15 also understond in & functional senze by relating o to the particular species or
eoosyalem process under consideration. A fragment that is effectively fsolazd for 4 small
woidland rodent may casily be reached by migratory binds or forest bats,

Ecosystem processes thah are miost semgitive fo igolation effects are those that depend on
some vecion for trensmission through the landscaps. Seed dispersal, pollination of planis,
prodator-prey relationships, and the thspersal of parasiles and disease, are exanples of
processes that may be greatly disrupted by isolation if their animal vectors can not readily
vz through the bindscape
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Compaosition of hahitats

Fl‘agll'.-l’.‘lll‘.a[il'.llh and foss of habatats in devel |-|-|-|._-.;| Tt ||q.[-..-.'.:-||1¢5 15 mot g random procass, Cloar His,
cul valion and pastoral land wse are binsed toward those sreas that have the moest fertile soils
or are most accessible, such as plains and ferile river valleys. Conversely, national parks,
nature reserves and other patches of refained mataral vegetabion frequently are focated on stecp
T r'-::-u:k_'r' areas, anfermle soils, or EWHITIPS and ﬂq.s-.s-.lrhlnl-\-_ becaikss. such preas @re mors
difficult to devebop and least valuable for productive gses (Leader-Williams =t ol 1990
Pressey 1905). Thesa trends i land e mean that some vegetation communities ane often
‘missing” or poorly represented inoréserve syslems, whereds others are proporiionately
over-represented. For depleted communatics. small fragments in developed landscapes ane
partizultarly important because oftén they are the only remzining examples of the vegetation,
arl thety may be reposmionies of rere plants and animale {MeDowell & gl 1991 Prober and
Thicle 1993; Shafer 1995)

Changes to shapes of habitats

The shapes of natural patches, such as lakes and wetlands, rocky outoraps, reefall opanings
and heathlands are usually curved or irmegular. In contrast, fragments, repenerated patches,
Eres plantofions and nature rescrves anising from hemsn land uses, generally hovie straigh
boundaries nnd are often rectilinear in shape (Forman and Godron 19565 see Box 2-11L

The aspect of fragment shape thal has grestest impact on ecological and envirommental
processed is the ratio of the penmeter length to aren, and hence of exposure to *edpe effects’
(Forman and Grodron 1986, Yahner 195K, Angelstom 1992; Murcia 1995), An increase in
perimeics io area rebio means that & grester proportion of the natural environment is close o
the edge and therefore 15 exposed to ecofopical chanpes that occur there (Fig. 2-3). Tn
mateneivel y-de veloped lindscapes, lingar habitats and small fragments with high edge ratios
often form the bulk of remsining natural habitats

Fig. 3-3  Smull fragments with s high ratis of perimeter fo area are more vulnerable to edge
disfurbonce processes than are large fragments. In small fragments, the disturbed
zeret (stippded) may extend threughaot most or all of the frngment keaving liitle habitan
free of influences arising from edge effecti

iy
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A provenng number of studies have documented a varety of chinges, both 1o physical
processes and  biclogical, processes, that occur at cdges. These include changes
microctimatic comnditrtns {wind specdl, lmperafure, humedey. sobar rndigtiond, |_'|=_.;|',|=1|:.-,. i sl
nutrant states and other sl properies, snvasion and competition from organisms m
suprnianding lands, clevaded levels of predation and parasitizm, and huwan incursion sl
disturbance (Lovejoy er el 1986, Angelstam 1992, Holibs 19930, Scougall eraf, 1999, Younge
o Michell 1%%4). Edge effects pre cansidersd lwrther in Chapler 7 05 an nnporiant issue in
the design and management of lnkages,

Sharpness and contrast across habitat boundaries

The sharpoess of habirl edpes and the comtrist between' adjacent habitats are pencrally
sccentuated in developed landscapes. There is usually a marked contrast in the structure and
Moretic comipasztion of e pelation ot the Interface between natural areas and developec land,
such as forest-farmland ecotonss (Fig. 2-4). The term “hard edge’ has been used to desonbe
such stuntions n which the level of contrast between twio labitats inhibils many organisms
from readily moving acrossthe edee (Wiens et al 1955) Allermatively, naturn] boundsnes are
often “soft edpges’ poross which andmals may readily move, Streamside vepstation, for
cxample. is usually distinet from that on acdjacent skopes in temperate forests, bat there is a
gradeial rather than abwepd transiton betwesn forest types. Simalardy, the transition berween
suctessional ape classes n fordsts are relativel v soft cdpges

1.1

T Rt oo
e

Farmmsl 19 et A el

Fig. -4 The contrast in habital structore at the interface betweon {a) natucal vepetution snd
cleared land such as farmland is wsually moek greater than that between (b)) twa
adjmcent nntural habitas

Effects of ragmentation on wildlile

Throughout the wordd, concem abouwt the effects of habitat fragmentation and isolation o
native fauna has stimufated a large number of studics on animal species or assemblages
frngmented landscapes. For &y introduction to thiz fiold, Table 2| provides expmedes of

studies of F.I.h.ll'lllHI:-. L LE.'\-. !I.'|1|.i|l\."\1 et .||||F||‘|E|'u.j ns. and invertehraies from six continenis
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Table 2-1 Examples of stodies on the effects of habitat loss and fragmentation on
different Taumal groops in X continenis.

Confinent  Mammals Harde Hepiides and Invertebrates
amphibians

Africa East 1981 Dhismand F0E]: Staar
Stirighsiker 19H1; 1581, Mewmark 159]
Westem &
Ssemakuls F98]

Asia Dismand e ol 1987,

Theinlkay & Meyburg
| RS

Ausiratassy . Knchener «F af ke hernr of . [ Kitclemer o o Mlasn 19K7; Ohle
108 0h; Seckling Howe ot ol 1981, Howe 19800 Kikchener 1987, Beals &
1982 Hemisedt 1987, 1984; Lovn 19854 T9RT, & How 19832, Mlager- 190
1 MIb. e Pahl &ral Sannders R AR L Caprd or o 1905 '-_li:|_r|!:||-i|_-.. af ol
TURE: Lalurance Lymch & Saunders 19%]:° Hadden & 1954
19000 Aol e al Saunders & de Bebisd Weesrrooke 1996
100), 1993 15451 Harrel o @f, 19494

e Dackman | 957 Wonre & Hooper [975; Lean & Verboom  Shreeve & Maoon
Dlsckiman & Uipdiam et ol 1984 wan 1940 Manner ar, 19k Mader
Dioncasier 15987, Diorp & Opdam 1987 1991; Dickman 1984 Tscharnike
Worboons & van Fard 1987 Hails o bl 1457 192 B inchvall &
Al dorm 1560 1580 3! MeCallin 159463, Alilan 159493
Seacky & Limo 1991, Telleria & Santos 1955 Thomas & lones
Kozakewic s ol (RLE

1983 Bright |963;
Fiezgibibim 19493

Mol Maithise & Stcarns Callieral 1976; Jones e af, [985  Herrison ed al
Amierica 19RE; Middleton &  Whitcomb erall 1981 | 95E: Taylor &
Memam 1981, 1983; Ambpel & Temple |9H3: Blerrram |90
Henderson & ol Blake & Kamr 1984;
1985 Beier 1593 ; Lynch & Whigham 1584;
Bonnett ef ol 1994, —Froomark & Memiam
Mewrmark | 545 1 9BG: Askims el af, 19KT:
Holgar af ol F997 Sewala et l 156E; Bolpe
aral 1991 Villard e ol
| 5
Saoulh Lovegow ev ol 1984;  Leck [979; Lovepoy eral. Lovepoy r al Lavejoy & af
Amdncd dia Fomseca & 1984, 198G Blerregaard 1984 [ Eolemn TUsh
Falimsan 1945 ef i, 192, Willaon &t

|99 Sanuffer &
erregaard 1150k




Linkages in fre Lanibicape

The eeological conseguenses of kabitat frapmentation are diverse and a vancty of authors
have reviewed this topic from different perspectives [ Saunders ef o 1991 Bierregaard er af
19%2: Hatka ef o 19936; Hobbs 1993a; Fahog ond Merriam [9904: Wiesns 1994} Here, the
process of fragmentation is recognized as baving three main types of impacts on the fauna of
remnant habitats:

= loss of species in Tagments,
+ changes to the composition of fiunal essembloges;

* changes to ecolopioal processes that invalve ammal species,
Loss of species

Fragmentation sets in train a process of species |os= at o local { habatat fragment | and landscape
Fevel, Such loss of specica can occur i résponsse o each of the three bypes of change
asmsociated with the procesa of ragmentaton: overall boss of kabitat, reduction m size of
fragments, and incréased isolation of fragments

There s clear evidence of species loss on a landscope and regronal scalbe in areas where
cleanng ond fragmentuiion have removed much of the natural vepetation {Maotthios amd
Etearns 12K Saunders 1UES: Henmett 1490b; Bennett and Ford 15997}, However, it 12 allen
difficult to directly attribute specizs Fosses to an overall decline in hiabitat because of other
pedtentially contnbuting factors £ swch as hunting, perscostion as pests, introduction of discass
and new prodators. habkitat wyodification) that arc also associsted with bumen land wse.
Clearly, though, regional species loss 5 8 process that occurs: over time as separated
popitlsticns dwindle, decline, and dissppear one by one. It §s of crtical importance to
recagnize that there is a time lag between changes to habitats and the time when the fall
implications of thoss changes are ciperianced by animal commuenities,

The most common evidence of species loss sccompanymg landscaps frapmentation relales
o the reduchon 1 see of fregments when '::lry.lr tracts are subdhvided into two or moare
el ler=olated Blocks. The resieltant |'r:|_y_1-.u-.r\-l~: are pach smmller and I-:sil_-.'lh:'r GRS (T
arca than the onginal ract becawss mizrenmg vegelation has been clearsd, There 1% now &
wealth of evidence that shows that smaller areas penerally support tewer species than larger
arcas of the same vegetation type. A highly significant relationship betwesen the member of
gpecies present- and the size of habitat fragments has been demonstrated for many taxa,
mcluding forest and woodland birds (Galli & al 1976 Cosdam &t el 9840 Ambuoel and
lemple 1983; Blike and Karr 1984; Mc Callin 1993} mamemals {Kitchener & af. 1982,
Suckhng 1982 Bennetl 1987 Laurance 1990); reptiles and amphibians (Kitchemer of of
1980; Caughley and Gall 1985; Kitchener and How 1983; Laom and Verboom 15900; and
imvertebrates {Shreeve and Mason 1580

Three explanations have been propoged for this widely observed species-ares relationship
(Connoe and MMoCaoy [9T79):

= @ small Frigment contains a smaller *sample’ of the original habitat, and conssquently it
1= ||I.:-:I:|-' i haive :-;:mlrl:-:! i more limled range o the Tauna than a IHI:;I;'\.'I: anta
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s with decressing arca there 15 wsally o redoced divemsaty of habstats for ammals o
occupy and consequenty the number of specics may reflect the habitor divessity
aviilzhla:

« smaller areis L;n:l:mu”:.r EUapsOrT gralle |1|.l|1|.|.|..1[i|.:-ll =imey and therefore fewer EQSCICE Are
able to mainkain viable populations than bia Faige tragl

Meet of these stisdees have fnjan:n-rq—:i Tﬂar.'hoq il YRy Ing S ki -=|:|r_:||.' Teinind dn Erin, Mors
limitied are data sefs from experimental studics in which obszrvations were collecied before
fragmentation fallowed by subsequent momitonng after the event {Lovejoy ef all 15984, 1986
Margules &t all 1994}, or fron studics where comparison is made between fragments and
‘controd' areas of similar size and habitat within larger tracts {Howe 1984: Bolger et al. 1991;
Mewmark 1991, Thiese fanter staclies Tave shown thal ot l.m]:-.' i5 tscre d loss -.:II'h|'l|.'l."Il.‘::i due o
changes in size, bub that the 1sclating effect of fregmentation can resultin further loss, Inurban
San Dicgo, Califormia, LSA, nds |.||.~'|1um|-.=nl an |.'|u|'|u.1'r.1| shrubland were censusad in wmall
isolased CANYORS af YRTYING 5186 {0 5=68ha o |.'J1.|'|'\--1|—.?|'| bkt b ened 1hee masmdser -::-I-:1|'|L'~_'||.'.~\. 1M
these remnants was compored with o species-ares intonship denved from sample plots in
|._-.rg|_' contLyeous fracts qlf:h;]]nrr.al |_]'{|:|I|_:¢r.f.' at. 1991 The 'r|::-;u'l|!c-::l!|:.|.r]_'9.' diemametrated that
the jzclated fragments; cspecially those less than [0hn m size (805 of those stedied), were
impoverished in companson with similar plots in continuows habuiat. Further, the length of
tirme that each canyin had been isolated was also an important predicior of the nember Gl
species expacted to ocour. Thus, not only does isolation resultin & loss of spectes, bat further
Specios can be ex pucIuL| i dissppear as the years go by,

Species loss in fragments is nat immediate upon solation, The ongoing deching of
poplations and species numbers dn remaants following isolation has been temmed “faupnd
relasation’ and s directly comparable v the geadunl less of species that has oocurred on
landbrdge islands follovang iselation by nsmg sealevals{TWilcox 1980, Diamond 1984). The
dynamic nature of species Toss has been most cleardy shown by studies in which remnants
have been censused ut two or more mitervals following 1solatbon, with a domongtrated boss of
species dunng the iervening pericd [ Butcher ef el 1981, Diamond e ol 1987, Leck 1979,
Saunders 198%; Recher and Serventy 19591 ) They eléarly demonstrade that the number of
specics present immediately following isolation 55 greater than that which can be sastained in
the longe term {Box 2-2),

For example, an $7ha remnant-of wet tropical forest in Ecuador, the Rio Palenque Field
Station, was ipcressingly isolated Trom surrounding forest daring the 1970 OF 17 species of
Forest-clependent birds reconded i the reserve from previcus ormthological studics, 44
spiacies (26%) disappeared in the six years between 1973197, and a further 15 species were
in such low nombers in 1978 thai they are also likely o disappear {(Leck 1979 These
popultion declines refer to forest-dependent species; many birds of apen dreas, forest edges
anid regrowth remain coriman and may ¢ven be mmerersing 25 forests in the region are clearsd
and iselated (Leck 1979). Similar rapid loss of bind species has been reporied from King's
Park, an isolated bushband reserve of less than 200ha in the city of Pecth, Western Australs
{Recher and Serventy 19911, Over the &b wear pericd from 1928 to 1986, 208 of bind species
have became locally extinet and o further | 1% kave declined in abundance,

Bpecies loss following fragmentaton and ssolafion was hmited o small fragments enly. I
has also been documented from niountain ranges, large reserves and national parke (Picton
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Box 2-2 Loss of breeding birds from an isolated Javan
woodland, Indonesia

ke Sopor Botanical Uardens on the Indonesin 1siand of Yava s an B6he woodland
Hated when
surrounding woodlands were destroyvad around 19356, and the nearest habitats for forest

hirds are now @t least 5-0km distanl. & total of 62 k|'--.'q.'i-\."\-. af hirds was recordad

COMPAsIng both native snd exotic tree species: The [3aE dens were 13

breeding inthe gardens dumng the perod Trom 19321952, and this provided o basis For

comparison with bird species recorded from 19801985 { Diamond f al, 1987), Twenty
epecies lormerly pretent woow no lonper breed in the gardens, {our are close o extinclion,
frve more hove dechined substantially and abowt half'{33 species} have mmntained thei
populations. As o consequence of the solation of the gardans: from nearby’ habitats,
emall populations of woodiand birds have declined and dssappeared with hiile
oppountty for immigranis to Jealt the decling. Those that have survived are promarily
epecics that are able 1o live in the evensively-used countryssde thal sumeamds the
gardens.( Diamond et ol 19870 The selective loss of species means that this woodland
fragrsenl pow sepports an impovenshed community that ‘mimoees’ the surmuonding land
s, rather than providing an-effective refuge for forest-dependent specics.

B Extinet
MChose 1o axtinction
O Greatly dectined

O Presan

Champe in the status of biceding bird species in the Bogor Batanical Gardens, Javi,
Indonesia between 193152 and 19840-85. The disgram iFlastrates the staius in 198085 of
&2 species recorded breeding bn 1932-52. Data from Diemond o g, (1987,
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1979; Newmnark 1987; Mewmack ef el 1991}, For example, comparizson of historical reconds
with recent sightings of three orders of mammals (Lagomorpha, Camivora, Ariodaztyla)in
|4 national parks in western North Amernica showed that the number of extinetions has greatly
exceaded the number of colonizations since park establishment (Mewrmark 1295 Af least 15
of the 33 species (3930 m these orders have expericaced bocal extinction in at least onc
national pork. Further, the rote of extinction wies inversely corrélated with park srca; smaller
parks have expenenced & higher mte of extinction of mammal populations sinoe
extalilishiment than have large parks.

A natural experiment that has demonstrated loss of species ocourmed with the flaoding of
Lake Gatun during the construction of the Panama Canal in the 19205, when mary former
halktops wers comny erfed inta islands in the lake Among these wes e now well-studied Barro
Colorado Islond (Willis 1974; Ko 1982ab). O spprosamately 108 breoding species
recorded on the istand, about 45 species have disappeared following this ‘natural isalation
experiment”. Some of these losses, but not all, can be atiribsied to habitst changes on the
isfiand. Howewer, it is likely that many other specics may have disappeared unnoticed because
indemsive studies on Barro Colorado began long after it was transformed from & llliop into an
pediandl (DHamodndd | 984),

Changes to the composition of faunal assemblages

Different species of animals respond to hobitat destruction and fragmentation m different
wiys. [hfférences wn home mange ared, body size, food resources and foraging patiems,
nesting ond sheller requirements, aswell 8 tolerance o habitat disturbance and sensitivity to
aliered microchmates, each mifluence the idicsynceatic response of cach species 1o
frgmentation. The outcome 15 that afier solation the compasition of faunal assemblages
frogments differs from that i large intact habitats. 16 it possible 1o predict the outcomes. of
changes o animal assemblages in remnants? An important. goal foe conscrvation biclogists
and wildlifc managers is to understand what types of specses wne most prone o extingtion in
remmant habitats and why they are sensitive, so that maragement for conservation can be
mote cffectively dirceted {MacMally npnd Bennett 19975

When bologists first examined the sccurrence of species in remnants it quickly hacame
apparent that the composition of stall species-poor remnants was not a randorn selection
from the pool of species available i extensive habitats. In particular, studies of birds in
woodland and forest remnants suggested that fragment size has a strong influence on the
identity of the species that occur. For many species, the frequency of occumence (alse known
ns the incidence function) increases with increasing size class of habitat patches (Moore and
Hooper 1975: Lynch 1987, Ogle 19E7). For example, an extensive survey of 433 woods in
Girzat Britain, ranging across six orders of magnitude in size {Trom (L0010 1o 100ha), examined
the frequensy of occurrence of bird species in each size closs. Birds such as the Blackbird,
Somp Thrush and Wood Pigeon occurred in all size classes, though eccumng in 2 greater
proporiion of larger woods, In contrast, species such oz the Great Spotted Woodpecker,
Tawny Dwl and Marsh Tit were essentially found only in large woods (Fig. 2-5} {Moore and
Hooper 19751

The bypothesss that theee may be a relatively predictable sequence of occurrence of species
in fragments was further supporied by examination of the pattern of occurrence of birds,
mamimals and reptiles on true islands and on natarally insalar habatats such as mountain tops.
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Fig. -5  Frequency of occarrence of three species of birds in rekatbon to the size of woodland
patcles In Brifain, The Blackbird (M) ocours with increasing frequency as woeodiand
slye Imcreasce, the real spatted Yeodpecker (A} is primarily foond in large wends,
whereas the sccurrence of the Hawse Sparrew {OF) b nak clearly related to the siee of
the wosd, Mata from Moore and Hooper [1975),

Thessasolates have had & longer time for the full effects of sslation 1o be experienced. There
i5 2 consistent tendency for the assemblage of species on species-poor isolates to be s subset of
that present on larger, species-rich isolates (Jones ef @l 1925 Paiterson 1987. Cutler 19973,
Patterson (1987} coined the term "nested subset” to deseribe this pattern (Fig. 2-6). Limited
data from habioal fragments sugpest o smilar patiem. Assemblapes of birds in piacal woosdlos
in Idahes, USA (Blake 1990, i small rainforest iaolates in Mew South Wales, Ausirakia
(Howe et al, 1981} in oak forest fragments in Spain (Telleds and Sandos  1995) and
chaparml-dependent birds in urban canyons in San Diego, USA (Bolger et af. 1991 have also
shown a nested pattern of sccurrence

Although alternative explanations are possible for this phenomenon, a gradient in
profeness to extinction has gencrally been thought 1o be the most likely mechanism Tor the
nested subsets pattern, with species *dropping out™ in a refatively ordered sequence. This view
it supparted by observations that distnbutional patterns of repliles and non-flying marmmats,
which genemily have lower dispersal abilitics than birds, show a better “fit’ 1o & nested patiem
tham do bards [lones el 15985 Cutler 1061
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Fig. I Dizgrammatic representation of o mesied subsel, Specici-poor fragments generally
contain g nested sulisel of speciey thiat are present i Feher feagments. (A-H represent
wnimal specieg),

Isolated chaparral habitats in San Diepgo, USA, have experienced a rapdd loss of species
since isolation, with the greatest loss being of those birds that noturlly ocour st fow densaty
(Balger et al. 1%91). Because the probability of dispersal and recolonization of 1solated
hahitats by these birds is low, it appears that vulnersbility to extinction based on low
population density {and bence number present in small patches) has the strongest influsnce on
commmminily sroctore {Bolper et ad. 1991 ) In contrast, the mobelity of woedland birds in Idaho
i relatively high {many are nectropieal magrants) and hore the nested pattern of occurmencs
i attributed o differential ability to breed successfully-in woods of different sizes (Blakes
1991%, I seems thot while the pattern of occumence. of many species i fragments 15
non-random, there may be 3 number of biclegical processes operating.

A different approach 1o developing generablisations shout the compasition of asscmblages
in fragmeni= has been to compare ecological charecteristecs of species that are vulnorable 1o,
or tolerant of, habitat reduction and isolation. Several trends are discussed below: but there 15
still much to leam before reliable predictions cun be made. In particular, there 15 @ need to
develop & better understanding of the relationship between patterns arsing from arca-based
stochastic processes and those drven by external influgnces 1n the envireamant,

Firar, hahitat generalists and species that favour or tolerate disturbed habitats (such as
edges) are hkely to be common n smiall femnads. Mumerows studies n erstem Marth
America (Gall eval. 1976; Ambuel and Temple 1981 Lynch and Whagham 1984; Blake and
Karr 1954} bave highlighted the cceurrence in small woods of ‘edge species” of tards such as
the Commeen Grackbe, Gray  Catbird, Indigo Bunting, Starling, House Wren and
Brown-headed Cowbird Conversely, 'forest infenor’ species such a3 the Wood Thrush,
Owenbird, Scarles Tanages, Black and White Warbler and White-breasted Muthatcly are more
likely 1o occur in larger tracte, Similar wends were found for natore reserves {Rogmg firm
L4-E000ha in size} surrourded by farmland in Western Australia (Humphireys and Kitchener
1962, The percentape of birds, mammals and reptiles that regulary use disturbed
environments (such as farmland, dasturbed woodland and roadsades), was disproportionatel y




rdmkagzs in e Lengstope

high in =maller nature reserves: Conversely, species that requing natural habitat comprised &
greater progortic of the .1:1-1:-.r|::||:|.!'|.' i fhe birpesl reserves

Second [here.is a REWINR I1:|:I} of 'evidence 10 AugEges thatl the SPETIES thal #re most
sensitive o habitat fragmentation are those that occor neturally at low densities, or that have
some mnate dependence on infenor hakitads { Terborgh and Winter 1980, Dhamond 1984,
Soale ef ol 1988, Laurance 990} These may include:

= fargpe-bodhed wmmals that have kirge ares requin=ments:;

= gpecies that ure bigh m the food chamn, such a8 owls, diomal roptors; spakes and large
CAMMAVOrES mamimials;

= gpectes thot have specialized food or habitat eeguirements, such as seasomally varang oo
patchily distritited foods,

Because of their low population density, small fragments may support oaly & fow
indtividuals o |'|I.'L'-Cii!|:..: |'|:|.ih, ar Lor some species the avalable ares iy b insuificient fof

cvien & simgle breeding par (Box 23 Thess by dsofaied populations are yulnerable o

Box 2-3  Area requirements of rainforest raptors in
French Guiana

I nature reserves and protected arcas are o preserve the full complement of species, 1§ i3
essantial to know the requirensents of those that are most wilnenble to insulansation
Quantitative data relevant o the dedign of natural reserves in tropical reinforests of
Soufh America comes from & stiudy of one such group — minforest raptors, including
vultures, kites, cagles, falcons, havis and cther birds of prey (Thiallzy 1989). The
distribution and density of these forest-dependent birds of prey were assessed inasenes
of large plats, of 2500ha and 10,000, in primany undisturbed rainfarest in French
Clapana,

Twenty-sever species of raptors (of & total of 54 species recorded from the country)
fnormally ccour in primary rainforest in French Guoisna. From 14-21 species were
recorded in plots of 2500 ha but only 12-16 of these species had at least one resident pair
with miost of its home range included in the stady plos. In the 10,0000 plot, 23 specics
were recorded, of which 21 were represented by only one to gight pairs

The patchy distribution of ragtor home mness, even in this extensive undistiurbed
rainforest, and the large area h_'|.|urr|.':1 by pairs of many species meins that & vast ared
will be required to adequately protect an entine assemblage of forest raptors, Based on
this distribufional data, o rainforest reserve of ot leaat | maillion ha {10, 0006m ™) wall be
needed 0 protect the complete raptor commumity (Thioltay 1989). The cxtent of
unbroken rinforess in French Guizna, widh 70 000km” uninhabited, means that such an
opportunity 15 still peesible. These data also confirm that Manu Mational Park, a large
profecied ares of 1,600,0000a in Per, & of the nght order of magmitude to conserve
eniirg -?.:CE-{'I'I'th!lgl'.'i of rainforest anmmals
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stochastic: processes, inclading random fluctuations i environmental, demeographic end
genetic processcs, and may rapidly disappear { soe Box 3-1),

J".I'I-.II'I'_'I:,' ::-f I.'i.'!l."llli].l ]IIﬂ'JL'IIL".':-I:hII.'_'h a5 L'II..'IrIE'.Hh"| |:1r||] EHhic i:'l ||I|.' !'\.IJI1IIIJI1I“I1I_'I EI'I'l.'irIII:II.'HEIII_
introduced '|'|.'|:||.=I-::-r\.'l aned inte il .:!'l.'.|1|-:1:.~\. within remnants |;:.||-.-|'| s vrg-;‘:l.ﬂ;nr. SUGCEsslon g
can alse bave @ strong influznes on the wuinerabibity of species to-local ‘exhinction
Consequently, the relative composition of faunal assemblapes in fragments may change
substantially- over time, even thourh the size of the habiest olate remaing wiehanged
{ Butcheat o @l 1981 Diamond & al 1987, Rechier anad .::il:l'-.'l.'n{_-.- 1291}, Higd cosunes wiare
undertaken in a 23ha section of the Condecticur Arboretum, Mew London, Conngcricut, LISA,
.,l'.|ri11§I 11 'I'.-1|:|.-:|i||y_ gasiiis betwesn 1993 and 1985 (Hulcher ool 1981 Agking of of 198T)
The composition of the evifauns of this hardwood forest displayed sebstantial vanation over
this pemod. Between 1953 and 1976, eipht species of fores irds disappeared or declined wnd
there was a signeficant declime m the abundance of long-distance magrants. At the spme time
the occurrence and sbundance of specics characieristic of suburban eavironments increased
in parallel with extensive saburban development and fosést deatruetion in the vicimity
{Hutcher arall 1981} Subsequently, from 197600 1985, tha dowmesard trend for long-distance
mugrants was reversed, An increased abundance of these species wag anribated w nearhy
TEa I-I'lm:.r:Lallclu. angd tnereased wes -.r|'l|||.' maiuring r-IIn::'iI { Al ef arl. |48 ?_I.

Changes to ecological processes in fragments

Ecological processes that form pan of the natural functioning of ecosysiems (inchiding
predator-preyy relationships, compefitive: mtecactions, sced dispetsal, plant pollination,
miszien cycling, mudnlenance of succesmonal moshics by disturbankcs), are fmaguently
dizrupted or moadified by frspmentation, These changes can be diiven by inflluences from
withn Trgrmemits or by influences from enyvironments sursmeriog the fagment. To date, our
knowledge of how fragmentation hasaffected scological processes 15 limited but it is through
suchchanges 1o the way that naturml communitizs operate thid habitat Tagmentatnon will have
it preatest impact on biodiversity comservation. It s likely, for example, that we will
increasingly become aware of sccondary extinctions of plants and anmals in fragments as the
full mphications of ecological changes take effect over time. The following examplss
illustrate some of the diverse wavs in which changes to ceological processes potentiaily have
profoand implications for the conservation of the flora and fauna of frngmented landscapes,

Seed dispersal

The term ‘keystone species’ is used 1o describe specics whose lose would have widespread
coological effects: For exanvple, the boss in fragmented environments of animals that have &
kcy rode in pollinstion or seed dispersal will have pegative effocts on the status of numerous
plant species and ther decling, i tum, may have diverse scosystem affects across the endire
ECOsySlEm

The Southemn Cazzowanry, 8 large (up to 80 kg) thght|ess bl of thi tropecal ramforests of
northern Australia and Papua Mew Garinea, is one example of a keystone species that has an
important rele inseed dispersal in tropical forests. This Fropivore consumes several hundred
BpECLES ui'ﬂl.'r;h'r' [runl= 4:-r-||-'||;. n|.i1||-:'-r|,;--'. L'llrnnruJ';i!:.' “-.-1 srchinnt and ngg':n:- '|'1|"-":|: Lrome and
Bentrupperbaumer 1993}, In the wet fropics of nortlemn Australia, the Southem Cussovwary 15
the 1:-Il|_l,- knciven L‘I'rg.Tu:r's.a.I weclor for over 100 ‘\.F:"‘."ih'.‘\.- of rainfogest |'||HE1I:5. that bear Iargc fimuits
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with g seeds. The seedsars voided intact a3 the animal moves throughout its extensive home
range, thus spresding them through the foresy landscape

The- distmbiatin of the Southem Cassowary 13 beotming fragmented and ssolsed as
tropicsl foresty in the coastal lowlands are cleared and land development increases. It is also
subyect o other direct threats such as road kills, hunting. snd predation by feral pigs {Crome
and Bentrupperbawmer 1993} The loss of this regivare and s sced disgpersal function from
tropical forest: fragements bas potentially widespread and Jong-lerm effects on forest
-;.'l‘:l'|1|1|l-I|Ii-.u| and Vigetation dymmics. H 1% o the focus of an 111'“.""E_|'I'.I'.-C"|! conservition and
recosery progrvm m ot least one localiy, with the moal of restoring its habitat and enhancing
iz conservahion status (Crome and Bentrupperbaumer 19593 ).

Predator-prey relationships

The foss of large predators. from fragments, and the consequent changes i the abundance and
scolomical imipacts of prey specics, have been identificd &5 aving potentially major efTects on
the structurs of plant and animal commiunites in ssolates (Terborgh and Wimtar 1980; Soulé er
al 1988) Inthe USA, Souléef al | 1988) used the lemm ‘mess-predator release” 1o describe the
increased abundance of smaller empivores and predators o the absence of large dominant

Box 1-4 Nest predation and its relationship with landscape
pattern in Sweden

Much attention has recently been given to the question of whether animal popelations in
fragroenis are sulgect 1o liwher levels of predation than comparable populations in large
cembinuous habitats, Evidence hias been presented 1o show that in some situsations
particularly for small fragments in farmland, levels of predation on the nests of
woiklbined birds are elevaled close to woodland edges {Wilcove 1955; Angelstam 159856;
Andren and A ngclstam 15887 This-has been atinbuted 1o genermlist predators that live
in the surrcunding farmiand matrx alse preying on nests close to the woodland cdae,

In Bweden, predation by corvids onegyps in artificis] tests was studied in 2 series of
landscapes wlong 4 pradient w forest cover mnging from mainly forest to mainly
agricuttural kand (Andnén 1092}, Both the density of corvids-and the inténsity of nest
predation increased as the proportion of agricultural land in the landscape increased |
Howewer, the identity of the nest predators on antificial nests placed i forest vepetation |
varied greatly in relation to the landscape pattern. The two forest-living corvids, the
Common Eaven ond Evropean Jay, mainly preved on nests m large forest fragments.
I'he. Jackdaw and Black-hilled Magpie mainly. preyved on nests placed in clenred
agriqultural land, whale the Hooded Crow, » habital pencralist, preyed on neads in both
forest and apricalturs] Bnd

The density of Hooded Crows was highest in landscapes with 3 mixiure of both
agricultiral laned and forest. It was this gencralist species that was identified as the most
impartant member of the coevid family cawsing increased predation pressure close to
fisrest edpges and in small foress fragments { Andrén 1992)




Habdrer Frapmendeiian asd e Carseqireaces fore P

prechiors, Meso-predatord such as the Knceoon, Gray Fox and Cats are often common in gmall
isolated habitats, especially in near-urban environments, snd have been associated with
increased mortality of ground-lving and pround-nesting birds in dsolates (Matthing. and
Stearns 1981; Soule of ol PRE; Harris and Caaltagher 1989,

Similar observations-on the *release” of prey species in the absence of largpe predstors bave
bewn neded For Barmo Colorde bdand, Panama { Terborgh and Winter 1980, where it was
suggested thal igh densities of Collared Pecrones and Coatis may be associated with high
bevels of nedt predation. An experimental test of this hyvpothesis, based on the Ioss of egps
irom actifEcazl nests, showed that predation of nests on Baro Colorado Fsland  was
signifrcantly greater than in adjacent rainlond forest, especially For those nests placed al
ground Feyel (Loselle and Hoppes 19837,

Muirient cycling

Dung beetles and carmon beetles of the family Scarabidae are specialist feeders i dung and
camion. They bury mutnient-rich dung and camaen as food for therr offspong and m doing so
thoy incidentally increase the rate of soil mutrient cycling. In tropcnl Amnzomian forest in
Brazil, fewer species of beetles, lower population densities snd smaller individuals were
recorded in small fragments than in eomparable comtrol sies in adjocont intact foress
(Klein 1984 Expenimental studies revealed o lower mte of dung decomposition in the
smallest { 1ha) Trapments compared with tnisct forest, a resull that was consistend with the
olserved changes in beetle pumbers

The beetles” activities alss influence other ecological processes in the tropical forest, 5o
that chamsres in beetle mumibers i fragments may have funther secondary effects (Klein 1989),
For example, by cuting and burying dung the beetles kil nematode larvac and ‘other
pastronnteshnal paresies of vertebrate amimals, In addstion, bunal of sceds within dusg may
prevent them being preved upon by small rodents -and could sssist in sced survival and
dispersal (Klein 1959)

Mest parasitism

Increased levels of nest pacasitism of bird populatiens in wooded frapments has been
assuciated with an increased abundance of the Brown-headed Cowhind, o nest parssite of
wmall woodland bicds, Following a-dramatic cxpansion of s range in castenn USA this
century. The cleanng of forests for apricultural land hes provided additional habitat for thes
open-countny bird, and an enhanced winter food supply from grain crops and anificial feeders
has allowed its nombers (0 ipcrease. Parasitism of nests close o forest edges by
Brown-headed Cowbirds has boeess advanced a5 a potential cawse of the declme amd
disappearance of forestantenor birds i small fragments (Ambeel and Temple 1983;
Brittingham and Tenple 1933, Terborgh 1989}, Al keast one rare species, Kirtland’s Warbler,
wold now be extinct from nest parmsifism were 1t not for sn annual campoign io remove the
Brown-headed Cowbird from its breeding habitut in Michigan, USA. During the 1960s,
hefore management intervention, cowbinds were parastang ™% of nests, with the result that
ammnd bréeding suceess of the warblers was insufficient to offset natugal morality (Terborgh
| S8,

!
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High levels of nest parasitism have also been reported for other woodland species. In a
study m Wisconsin, 653% of all nests found along the edge of woodlands were paresitized
[Brttingham and Temple F#R35. 1015 feared that the reduced breeding success of parmsitized
specias in fragments, in conjunction with other stresses such asincreased nest prodation, may
tip the halance for many species and contnibute to regionnl declines in fragmented landscapes
(Wilcowe 1985 Terborgh 1989 The siuation 12 cxacerbaied becass & number of parasitized
species, such as Hooded Warbler and Worm-sating Warbler, were not stonical hosts of
cowhbinds; bat have come nto conlact i retend tmes due b the ninge expansion of the
cowhirnd,

Nest parasites themselves can suffer extinchion following the decline of their host species
anexample of a secondary extinetion or ‘trophic cascade’ (i.e. the effects of ecolagical change
Mo 1 on in influense ather levels of |:|_'.||-._'-|:l|.._-.|'| CHE snission). The Brigh Cuckon, a nesl
parasile of forest birds, has disappeared from the Bogor area i Indonesia along with two of it=
likely hast species, the Pied Fantail and Hill Blue Flyeaicher { Diamond 2 2l 1957} (Box 2-7%.

Is isolation of habitats important?

Isolatron of remmant habists =0 fundamental consequence of habital fragmentation,
However, the nature of the ssolation of habitat fragments differs from that of true 1slands
surrounded by water, with which fragments have ofien been compared. When lnrge trugts ars
subdivided, the rermaining smull fragments are isolated by a new form of land use. Differing
forms of land use wot s vanable filters on the imsverments of animals :'hrn_:ug'h the landscape.
Some Land uses poss litle resistance to movement, whilz others can be an effzctive barrier to
all interchangre, Infensivelv-managed crop lands, forex armpbe, muy have & stronger isolating
efTect on 2 small rodemt than doees o similer expunse of sbandoned furmland with scattered
trees and regenermting woody shrobs. Similarly, an urban housing development s Tikely to
bave o more severe kselating effect for woodbnd batterflies than a lighfly-wooded polf course
Ihe extent to which animal populations in frsgments are 1solated from those in nearby hahitats
vanes greatly inrelation 1o fand use and the Biolory of the species of consern,

How important is iselation n the consenvation of wildlife in fragmentsd landscapes? This
152 key guestion of both theoretical and practical interest 2nd of imemediate relevance to land
management for conservation, 1F populations have a high probabshity of survival in isolated
tragments, of if they have a high capacity to move through the surrpunding modified matrix,
then the spatial wrmengement of habitats in the landscape is of little importance. In such
citcumstances, habitat hinks will bo of limited value because population contimety s not
hindered by fand use, On the other hand, i there 15 & distinet risk that izolmed populations will
declime and species movement & restnicted by surrounding land wse, then spatial armangement
of habitats 15 of grear importance, In these circumstances, habitat links that promote
movement of anineals 2nd continuity of populations through the landscape will be of Benefit to
population persistence, Prionty in conscrvation strategy tmest then be given 1o preserving and
managing systems of habitat with a spatial pattern that will maximize the opporunity for
movement and inerchange

How many species and siteations comespond with the positions outhined above? There is
norsinple answer. It is clear that animal species and assemblages respond ma veriety of ways

tor ssolation. and to different levels of isolation; and that s particular form of land uze poses
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differing levels of 1solaton 1o different speces: Evidence from studees of 0 mnge of ammmi
prodps show that 1selation has negative effects on the distrbuhon and occumence of mony
(bl not nscessanily all) spocics.

First, comy l.'ILiiIE' enidence of the detnimental effices of inolation (g shown |_|-_..- q_'=.|1|.'.'i:|'||.'J|'::1.|
studies thal compare the fadng of remnant habitats bafore and alter thedr isolstion From an
extensive irea of habuat (StoufTer and Hie mregnard [Whha ki, or comaars commimaunilies mn
Elated I'mgr.!.-;'nl- with those tn meatched “coaptralt arsas of simaler size o extensave habiind
Blocks {Howe 1954 Bolger éf al. 1991, 1997; Mewmark 1991 |, The loss of hirds fromiisolated
chagparral fragrments tn California was discussed above, and similar bosses were demonstrated
for native rodents in the same fragments {Bolger of of 1997, Another example comes foom
Tanzania, whete fofest IJrIIJII:i.‘\.'h.:-IL'_'. Birds were found o be sensitive to igolation of ||ur-'r..al
foresi I'n||:|1|-.'nl- {Mewmark 19915, All bul the lurpest of mne aoelated BErmcnds haxd
sli_:|'|_'.|:||.:;-|nll-|- lewer Species prageTi than was feeadded from -\.':'-|1||:-Jr‘u.|:l|-\'.' census effon in
exfiensive Irnp::';ll foresi ||'||; 274, Further, the number of :»:|1|.'L:i-.-e:-; i the Irgmends wis &y
mtleenced by the desree of Hodation; alier conifrallmg for toresd spee, the numbar od
understorey species decreased with increasing destance Imom extensive forest

There are numerous other examples that illostmie how the degree of rolation, freguently
mcaared a5 the spatial distance from ather populations or habatats, also affects vorvous
anirmal species
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Fig. 2-7  Effect of lolatban of tropical ferest fragments on the richness of understarey hirds in
ihe East Usambara Mountnins, Tomeania, The mumber of sprcies coptured in nine
fragments of trophcal Torest (apen bars) was significantly less than the mean number af
species capiured with equivalent snmpling gffoet in extensive forest [closed hars),
excep for frapment 7, Dota frem Mewmark {Fo
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s Spruce Growse in the Adirondack Mountains -of Mew York, LSA, were more Likely to
occur i coniferous bog patches close to occupied patches than in similar, bat more
distant, patcheas (Fritz 19749

« Hocky oubsrops (mine !.|.|||r1_g5;5- m the SiEmi Mevada, UsA thal were cloge o olher
outerops were more likely to be oceapeed by Pikas (2 mbbit-hke mammal) than were
those maore isalated {Fig, 2-E) (Smath 1974

= In Switzerland, the occurrence of the Middle Spotted Wondpecker in ramnants of oak
woddlland was related to the size of the woods and distance o the nearest wood Birger
than 40hn. Those that were isolsted by more than %m wens not scoupied (Muller 1982
cited 1o Opdam 1941 ).

# The rare Bay Checkerspot Botterfly was more likely 1o occur on reminant serpenting
;.::.1:1.*\.|..1r|dh Eloge 10 4 '.:n!.'l.' aource ared Uhan od distant reennands of amilar saitable
habitat (Harrizon ef ol [DEE)

* Inmanaged pine lorests of South Carcling, USA, Bachman's Spamows were miore likely
to colonize (orest clear-cul cloge o known sourcsse |'||l|'l|,.||.|I|,_'-nx than those that were
distant from the source (Dumning of gl 1995)

* In the Metherlands, the abundance of female Bank Yobes in farmiand woods was
significantly imfluenced by the distance from g woodland source greater than 25ha in gize
fwan Apsldoomn e af. 1992,
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Fig. 1-8  Frequency ol accupation of recky ot rops Iy Pikas in the Sierra Mevado, USA, in

relaflen o distande rom nearby habitots. Data from Smith (1974).
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Box 2-5 Effects of isolation on the recovery of a rare
butterfly in Britain

In Britaim, the Silver-spoited Skipper inhabits heavily grazed calcarcous. grasslands.
When rabbits were killed by myxomatesis m the 19505, patches of sustable grassfand
hecame overgrown and the distnbution of the Silver-spotted Skipper declined to fewer
than 46 localities in 10 refuge regions ( Thomas & of. 1986). Ee-infroduction of domesgic
stock to graze these grasslands, and the recovery of rabbit popalations, led to improves!
habitat quality for the butterfy and slow recolonization of patches of suitable grassland

Between 1952 and 1991, there was a W% increase in the mimber of occupied
patches, involving at lzast 20 colonizations and 10 patch éxtinctions (Thomas and Jones
|%93%, The probability of colomizafion during this periad inereased with pateh size and
decreased with isolation from the nesrest populated paich. Thatis; the grassland parches
it likely to be colonized by butterflies wene those that were large or those close toa
pearhy bulterfly popolation. Spatial isolotion from o neiphbounng popalation was the
mast imporiant influence. Many grassland patches of suitoble size and habiiat were
available, bul none further than 10km from an occupied patch were colonized
Comverselv, the probability of extiscior between 1982 and 1991 decreased with paich
srze and inereaged wath sgokition from the nearest patch population (Thomuos and Jones
15993}, Extinctions wers more frequent on those patches that supported small
popukations in 1982 {ie. less than 225 individuals); there were no extinctions on patches
with imitially Inrger populatiomns i 1982 (225800 or 20030 madividoals)

The conzervation snd recovery of this rare butterfly depends on the availability of
svatems of suitable grassland patches. liscapacity to recover Turther and to eccupy more
of the vacant patches of suitable grassland (more than [0 vacant patches exist),
depends on ita ability to disperse vis *stepping stone” patches that are separated by less
than 10km {preferably micch less). Thus, solition from sounce popalations has o rajor
contralling influence on the spatial dynamics of the Silver-spotied Skipper
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Frequency of colonization of vacant grassiand paiches by the Sibver-speited Skippor
between 1982 and 1991 in relation to thelr distance from o nescby butterfly popelatisn
Dt frem Thoamas nnd Joenes (1993}




Linkages am the Landsoap

The snfuerce of degree of spatial 1solation has also been highhighted by studies that have
shenwn sigmificant relabivnships between species richness in isolates und the proximily 1o
nearby habatad. A nomber (bat st all} studies of the birds of forsst snd woodland remnais
hirve I".'F'l."I!'I-'."d that some meeasune of iaelation ’.-.l'_.:l.'lju.'l Wity rla;'-'ru:li.l HAFES, NG icles a betler
prediction of species nchnsss than does anea alone (Howe erad, 1981 Whitcomb ef . 1981
Howe 1984, Opdam of ol 1984, Adkins of al. [987; van Dorp and Opdam 1987; Mewmark
199] ) MeCollin 1993), For example, fragment area was the best single predictor of the
nismbr of woodland birds 1n 36 frmgments in the Rhine Valley in the Nethodands (Opdam o
ar, 1984 bui three different measures of jsolation were also significant predictors in o
I'I'.'.I|rl|'l|(' TEETCESI 0N model. Dhstance o the nearest woad prester than 25ha, distance to the
nearest large foreat ract, and the fotal aréa of woodkamd within a rddius - of Jkm, each
accounted for further variation in the nomber of bird species over and above thet aftnbuted o
woodland zize. In ather words, for woods of & Even size those that are close to other woonds
ane ||.L|.'|_l.- o support more species of wondland bands.

Why does isolation affect populations and communities of animals?

The IJI'I|.‘||'.‘I|:.-'iI|E' '.Iil-:l|:|l:1.'[a[i|'-||. of the effec of |||:|:r_r|:|_- ot I.r\-;ma:- lsolation on SPoCIeE i
fragmeated o insular habelzts is thot changes have occurred because animals have been
restricted or provented from dispersing between isolates. Indeed, it has heen stated that for
fragmented populiations, dispersal 15 the "key 1o survival’ {(Opdam 1990). The reduced abality
of animals 1 move through the landscape has & number of major consequences; it limits their
capacity 1o supplement declining popolations; ta recolonize habitats whers extinctions have
cocurted, or o colonize newly suitable habitats. Empirical evidence in support of this
hypodhesis has been clearly provided for & range of species (birnds, butterflies, crickets) by the
demonstration of significant negative relationships between the mte of recolonization of
fragments and their isolation from nearby halind (Yerboom ef al in Cpdam 1991 Thomas
and Jones T3 Kandvall and Ahlen 1992}, In each case, the rate at which animals recolonized
smaccupicd fragments was higher for those closer fo source arcas (Box 2-5)

There 15 also strong theoretical support for the contention that the capacity of animals to
move through the landscape i3 fundamental to conservation of naturil ecosystems, The major
theoretical and L""::lfll\_"'l.'_ﬂ[Uill bBazes lor ||11{|5-3rE1i]_T'_.-'_!,|:'|E the status of |-||'||-||_,||,a|:|.i'|r|5 and commyanties
in patchy environments each recogmize. cither implicitly or explicitly, the impontance of
enimal movements, This 15 the theme of the next chapter

Summary

Habitat fragmestation is @ dynamic process that has three main componenty! an overall loss
ol halitart in the wIngsCapeE, reducticon in the sizeof remaining Mocks, ond increased iselation
By e forms of land wie. Changes fo the paitern of frabitats in e Tandscapre resultin charges
fo ecalagical processes thar in turn affect the status of the Torg and founa. Effects of habita
fragmentarion on wildiife includie: fors of species in fragments, changes to the composition of
_-"l.llll’.'l.ﬂl' Ir.'l.T-\'.'rﬂur.llll.AL'l'.'.. e r'#ﬁ.l'igq's iy 1'|_-:i'j'-_l_r:gr'r_u'_lll.rrlr_'gl_r'r{w. that Invoive anisaaels Iy ofeian of
habitats i o fundemental corsequence of frapmentation. A range of eviderce thows shat
xatation, and the degree of spatial isalation, kave negative (npacts on smany papklaions amd
communiiier, The negative effects of isolation are ativibuted to the decreased appartunity for
mrorveme! of annarals toard from cther habitais



3 APPROACHES TO UNDERSTANDING
THE BENEFITS OF CONNECTIVITY

Why is connectivity beneficial? Why have many scientists and land managers, from sround
the workd, concluded that imanaging habitats and linkages to reduce the isolation of wildhifz
populations has benelits for natire consarvation? ITis pertinent 1o roview four approaches {nod
martually exclusive] that recognize, either imphicitly or expiicitly, that the capacity of animals
to mov'e through the landscape 15 fundamental to bodiversity comservation, The first spproach
iz pragmatic — based on knowledge of the natural listony of species and communities and (rom
practica]l experience in wildlife manogement. The other thres are major conceptual hases
associated with scientific understanding of how organisms bve in patchy envircnments;
namely, the equlibrem theary of sland biopecgraphy (MacArbur and Wilson 96T,
Diamond 1975), modsls of the dynamues of subdivided populations (Hanskid 1989; Giipin and
Hunsk 1991; Opsdarn 1995 ), and principles of landscape ecology {Forman and Godron 1984,
Moss and Hams 15986; Tumer 1985 Formon 1995; Hansson er ol 1995]

In: bricfly reviewine these approaches, the goal % not a cobcal assessment of their
theorctical merts or validity for conservation biology, Rather, it 15 10 Taghlight that the best
effors that eeologists have made to understond how animais e m fragmented envircaments
emphazize the necessity for movements of individuals and species between fragments: for
effective boang-term conservation to be achieved. The potential bepefits of such movements
{and hence of connectivity) supeested by cach approach are noted below, They are also
summanzed i Chapter & [Table 4-2) where the guestion of the relutive advantuges and
disaclvamages of linknges 15 freated in grester deail,

MNatural history and wildlife management

Ficld biolegists who spend much time chsepang, studying and managing animal populations
in the wild pain a wealth of practical Enowledge and understanding of the species and
communitics they observe, Such pragmatic knowledge, denved from experience, has great
influence in shaping the principles upon which land management 5 based and in many
situntions is o more powerful influence on land managers than scientific theones and maodicls.,

Several different tvpes of observations have convinced many feld biologrsts of the need bo
enhance landscape connectivity by incorporating linkages of various kinds. First, knowledge
of the migratory movements of many species, espesally waterfowl and large mamimals, has
shimulated national and intemational cifiorts toprofest miglr.ll.::lrg,- pathways. This management
may take the form of identifying and protecting entical stopover points, or ensuring that
intersive land use does not pose an ecolagical barrer to movement along tracitiemal rowtes.

Second, ohservations of the impacts of local bamiers (such as highways, oil pipelines,
railway lines and camals) on the movements and monality of animals have been a sirong
slimulas 1o Mmanagers 1o implement and evaluate artificial measures such @5 tunnzls,
underpasses or hadees 4o assist movements across the barmer (Harns and Gallagher 1985
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Langriom 1498%; Bennett P95 ; Forman and Hersperper 1996, Movements that are restricted o
blocked Iy be seasonal migrations, Or Moveicenss |':| widie-g oL animals within a :.J:!.:.'
hiome ranpe

Third, knsvwledge-of the patumal history of animals that move between di fferent habriats on
u daily or regular basis to obtain necessary resources (such as birds that feed and roost in
different areas) poims to the need for adequate lindscape connectivite for them to meet thei
datly requirements and to survive in environments modified by homan fand wses {Saunders
and Ingram 1987 Woators of al. 1994)

Finally, abservations that lecdl populations of pame species [such o2 Fox Squerrels and
Wild Turkeys m LISAY, could recolonize after being ‘shot out® in small habitats led pame
otogsts fo recognies the importance of “travel lanes” a5 a princaple in wildlife managemsent
(Humms amd Ciallagher |98%)

Such Knowledpe of natural history and the bights ganed from prsctcal mimagement
exaperience highlight the potential conservation benafits (o be gained from linkoges in terms

ol]

= @asesting anirsals toocross local barmers, and o mamtmn bocal movements through
envircnments tlet are -.':‘:-|l|l:-;:'.'.|.ll_':.' |l|'|-:*-'r!!|:|h1.—e_

= assEting species to mamtam tradihonel migretory movements between  different
!.l'-'_'I|HI'_'|r||'IIE H ]t Lo

= allowing species to recolonize habitats by increasing dispersal and immigration

Equilibrium theory of island biogeography

The eguilibnum theory of island kogeopraphy was developed by MacArthur und Wilsan
CI5RG3, 1967 in response to observations that islands contiined fewer specics than mainiand
greas of comparable size, The equilibrum theory proposed that the number of species
ocouming onan island tends towands an equilibrium level determined by a dvnamic balance
between the rate of colonization of new species and the rate of extinction of species regident
o the iskand. The rate of colomization 1= determined primarily by the degree of isalation of the
island from mamband source areas, while the mte of cxtinction s determined primanly by
island area. The number of species on the island should remain approximataly constant (1.2, an
equilibnum number), but the compesition of the fauna] assemblage should change, or show
‘turnever’, with tme.

It was quickly realized that isolates of habatid on the mainland, such a2 mountain tops,
Inkes; forest fragments and ratiire résecves, migehdt also be viewed as “islands’ surrounded by a
‘=zn' of unfavourable habdtat Thus, the l.'l:|'.|'.|||!‘-|'liJ.T.“'| r'|".-\.‘:l.'lr‘_', became the fimst theorehcal
framewark for interpreing the digtribution and dynamécs of fauni i remnants of hibiatat, I
has stensulsted a |..1r;._'q: body of research into the CoRnAequenees of hirbatat ‘l_r.'|;=l:11|:||1¢r|-'-|'. and
isolation for animals (Tor reviews see Simberdoff 1974 Gilbert 1980 Shafer 19907,

The potential importance of selation indetermining the aumber of species that an izalate
of remnant might support at equilthum suppested that measures o redhice iselation and
increase the rate of colonization would have o significant conservation benefit. Accordingly,



Appenactes oo Livderstandinge Oe Memafiee off Coumesfivih

gepping stones or preferably continuous corridors of habitat 16 facilitate movements of
|1I'IIII:IiI|h between 1solates were r|_';'r|rr||1'|:'r||||':! 1M |||."\-12!rl strtenes favr malure cnfseEry alineg
{Diamond 1975, Wilson and Willis 1975). Further, the presence of cormidors (o facihitate
colonization of animals might also supplement declining popalohong befora they actually
reached extinction, in this way slowing down the rate of species extinction. This has besn
termeed the “rescue effect’ (Brown and Eodoe-Brown 957

Thiss: island 5_'-|.;bg{'|1gm|'|h|.' thiory |'|r\-.'-:|||:'l-. that sncrexsed mavensent of animals between
fragments will enhance the conservation stafus |||'I‘-:|gr|1|:nt~: by maintiinang a higher level of
species nchness at equilibnum (Fig. 3-1). This is ochieved by:

* mercasing the rate of colonization of gpecies to the isolate, and
o gupplementing declinimg populations, thus slowing the rate of specics” exiinciions.

The theory of island baogeography has lost lavouramong consarvation kologists, largely
because natural isclates nnd habilat fragments e fundamentally Froom trae islands inothe
way that they are isolated In confrast to lakes or oceans thal swround true islands, the
developed land that surrounds habitat isolates supports  me<hified flora and fauna and has
land uses that interact with the biota within the frapment (Saunders ef ol 1991, Wiens 1995)
Thus, while colontation and extinction dynamics (based on area nned isolation may reinanmn as
i:,np;,:-rl._:.nl influenees, a more comprehensive framework 15 requimed that alio recognisey tha
role of ecolomonl processas and mpacts arising from the sumoundemg mmatrix o shaping the
.'n:.':\{'ln'r-lngg within habatat |'r;,=]::nh'r|lh.

Pl o kfaisas Himbasy ol oo

Fig. 3-1  The comtribation of Hnksges to the species richness of an habitat lelate as predicted by
the squilibrism theory of sland biogengraphy. The number of spaches & equilibriam
in] is @ balance between the rate of colonlzation of species (o (ke solate and the rote of
species extinctions. The prezence of o habitat link iscreascs the species richness al
equilibrium (n) in twos ways: (a) by incressing ihe rate of celonization and (k) by
decreasing the rate ol exiinction. Kedrawn from Bennett {15900,
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Linkaper in the Landvoape

Dynamics of subdivided populations

Matural environments are not homopeneous but rather are composed: of habitats. that vary
spatially and termporally in their quality and suitability Toranmmal species | Wiens 1976, 19849,
den Boer 19815 Dunnmig ef @ 199711, A species may occur naturally as & series of ‘local
poplations” {seray Hanski and Giipam 1991 that occupy patches of suitable habitar that are
separted from simitar populations by srcas of poorer quality. Stmitarly, n fragmenicsd
landscapes & species may accur as a senes of local populations in sempant habitad patshes tha
are 1solated by susoundiig unsuitsble land, Together such a set of focal populations forms a
regrional population, Snall populations are pamicularly sensitive to disturbance and gtochastic
{or mndom} vamabon (see Bow 21} angl comeseguently cach local population is potentially
vulmerable to exfinclion. However, a3 It‘-:l! 1% there 15 sarflecient movement betwaen local
populations to supplement decliming populations before they disappear, 0 oo new genes, or
50 that the rate of recolomezation excesds the rate of extinction of local popitations, the
regional populntion can perasist. This general concept of a set of subdivided popalatons
interacting at & landscape or repional scale has béen outlined using a vanety of models and
I:l.'|||'_|.'|-.::|.l'r::-' ‘.l"-uhrj;__' pnd Mernam [0 but it Qs st LI.:C:'I.'III.IIII:| referred to as &
‘metapopulation” or 'populatisn of populations” (Harmson of al. 1988; Hangki 1989 Hanski
ared Ifii|.||i||. 1901 Merram 1991 |'I|:u|:|||:| 1o Verhoorm ef @l 1991

T meaen forms of metapopulation models are most relevant to the conservation of animal

spesies an iragmentecd landscapes (g, 3=E)

* The “island-maimland” or “core-satellite’ model 15 based on the presence of o large
mamland population that provides a souree of colonists for the sumounding local
popailetions of vanying sizeand deproe of solstion { Harmison f af. 15988, In this model,
the mumland w5 mredy hkely toexpenence extinction but local extincfion and
recolamEatien may regnilardy occur on surmounding isolates
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Fig.3-1 Diagrammatic representation of two metapopulation modek, (a) The iskand-mainland
madel i which a large truzt of hahltat acts ag 8 sowrce of calanizts for Foeal populntions
in small habilal paiches. Eocol extinctlens and recelonizations are aspumed to pocur in
sl habital palches but nat in the malnkand, (B) The patchy populution model based
an & diverse set of local papulations that all may experiemce extinction ond

recelondzation. Shading represents occuphed patches, clear are unoccapied patches,
and arraws ndicate movements.




Approaches o Underriending foe Denafiie of Canneciivity

Box 3-1 Threats to the persistence of small populations

The Primiry impacks of habatat boss andd r-l"".l.!.;l'l'!rll'lli'ltlill'!l o wikdlife |'-:1|'||.i|.u[i-.‘:-n-:- are a
reduction in population size amid s reased dsolation from odhe prapiulations. Small anil
isolated populations are more vulnerable {0 dechne than are lorps popolations
Documented examples of species” extinetions hove freguently shown an inetial pattem
of major range reduction and fragmentation followed by successive extinciions of local
Fap:..||;|l1:1n~; vkl ricrie are lefl (e '8 Pettesoi |'§|-"'i:"'||

Why are small populations vulnerable 1e dechine and extinction? Ficst, boeth small and
large populations are subject toon-peing disturbance processes i the fandscape, such as
continied habitat loss and fragmentation, increased prodaton from  introduced
preclatory, degradation of abitats, and altered food supply. A large population size and n
widespread distnbufion ars likely to provide 3 betier buffer against those determimstic
processss

Second, small populations are more senstive than Targe populations to-at least four
sources of chance varistion (Shaffer 1981 Soule 19%6; Simberboff 988 Caughley
1984

« Demographic slechasticiy refers o random vanotion 10 popilidion plfameiens
such ax birth rate, death rate and sex ratio. For example, if o small population of &
short=hved '\|‘|I'L‘i|."'i EXPUnsnes, |:l]. chance, a low hinh mig 1 two SRR
vears, the immediate probability of survival of the population may be greatly
reduiced.

= Genetic stochasicin refers 1o modom genetic processes that can lead tooa loss of
genetic variation and o reduced capasity for & population to resist recessive lethal
alleles, or to respond fo changing envirommental conditions.  Inbrecding
depression, genctic drift and a founder effect can all contribule to a loss of genehic
variation u simall popelations.

» Envirnnmentel siochautiedty s the random varaion in envinmmenial processcs
that can affect o population, such as fluctuations i temperature, rainfall, food
resources, and populations of predators and compesrtors,

= Notwal catastrophes such as floots, fire, drouplt, hurmicanes and earthquakes,
occur ab irregular intervals and can bave o major effect on population survival,
Wildfire, for examgde, i a natwral but frezgular event in many forgst scosystems,
Localized populations of animals may be eliminated but in extensive tracts of
forest there pre abways srmnll |-.'.I-uE|:11 that are not burned. However, i HQI:'I'I'-'IIEL'-\'J-
environments, small isclated remnants can be totally bumed and the local
population of & species ehmanided,
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* The “patchy populotion’ model does not assume the presence of & mainfand popalation
burt 15 based on a sed of isolated bocal populations that sach have & finte probability of
extinction (Harison 19591; Memam 1991; Opdam 1991), The size of each [ooal
population and the apatial arrangement within the eet of such populations are the main
determimants of eolonization and extinetion, and thesefore of the dynamic distnbution
nndd status of the species at the regonal seale, Depending on the level of dispersal
between local popalations, such patchy populations will vary along a gracient between a
"typical” metapopulation and what 15, in effect, & singke dynamic population

The éssential elements of 3 metapopualatecn are & =¢t of distinct local populations that are
connected by moverents of animals. Extinctions and colonezstion ocour within the local
populations, resulting in o patern of distrbution that changes overtime (Opdam 1991, Villard
i gl 1997%, However, movament of animals betwesn local |:-.'1rl|:|:li-:|:||'-. Cail ol oocir unlet
the: animals have some way of actunlly getiing there, The ability of animals fo move through
the landscape ks grucial to the way a metapopulation functiens (Hansson 1991 Taylor ef al
1993} If local populstions are 1solated snd movement between them is limited, the likelihood
of recolonisation: following local extnction events will be low. Alernatively, if locsl
populations zre connectad allowing more frequent movements, extinctions should be less
frequent and recolonization more rapid, thus tending to incraage the atahility of the toeal
poputation &t the regional level (Falrig and Merriang 1994), Congeguently, habdta
|.'::-|||_|_|;|.'r:1.‘.:||r|h that azzigl msvemenis cll'u::'mu]s I|1n:||.|;._'h ihe 'au11-:|.-=-.'.:||1|.' il htive |'||:-|;|c'|-|ls I':lr
the overal| |'||.'1-.i:~1|.-|'||.'l.' of thi hptn‘."ic:—..

Im the real world, patches of habatat vary greatly in the resources they provide for animals
und in the dizturbance they expeniensze. Consequently, some populations can be regarded as
‘goyrees’ that produce & nett surplus of animals that are available as potential colonists to other
habitat poiches. T the other hand, ‘sinks" are those populations in which menality excecds
noiality and the persisicnce of the population depends cna regular inffux of i granis
{Palliarn T95%; Pulliam and Daniclson 19915 Dunning &¢ al. 1992) There are, as yel, limitéd
data on the relative frequency of sources Bnd sinks in sawral environments bt theoretical
models slgpes thiat the relanve Aroporinins ol each amd the bevel -:'-f-:li:ip.,"r:.'n' bebwesn them,
may have a significant influence on regranal population dvnamics and species conservistion,

The metapopulation concept has Jargely replaced ssland biopeongraphy as a theoretical basis
Tor understanding the dynamics of animul populaiions in fragmented environments. While it
has value a8 o conceplual framework, there 18 mdted evidence of its practical valos and
predictive ability in wildlife: monapement and conservation biology (but see Harms and
Crpslam 1994 Opdam ef @l 149535, Particular challenges include the need for models tha
ncorpore real-world vanation in patch size, quality -and the dispersal ability of species
through the landscape {Fahrig and Meorriam 1994 There 15 also a need to carcfully define
what consfituics extinction aml colonizabon {see Haila ef of. 19933} and to gain a botter
apprecation of the aciual Tikehbood of speores turmower ot scales that are relovant to
congervation in a pariculsr region, Colomzation und extinction cvents may regulardy occur in
very small fragments in farmband {Fahrig and Merriam 1994) but this is unlikely 1o b true {(or
possihle) for nature reserves that form the core of & mational copservation network

The metapopulation approach, therefore, recognizes - the impottance of movements of
animals among patches of habitat and disjunet populations in order to:



Approachet in Undersfdmadiar ihe Seaefits of Comsecivi)

v supplement local populatons that are declinimg;
« recolomize habitals where |'l!l|lIJ|iI:i.ilI'lh have became |.:-_'a'|§'_.' exlinet;
« podonize new habitats s they become nvalable

This is o species-level spproach and the benefits of connectivity are measured 1n terms of
the persistence of viable populations of the farget species in the landscape or region

Landscape ecology

Landscape ecolopy is an emerging discipling that secks to- develop an integrated, holistic
understancling of enviromments at the scale of whole lamdscapes. I recognizes that all
landscapes, those largely natural in foom &y well gs these heavily modified by humans, are
mosaies o different tvpes of habitats, The focus 18 on spatial perterns within such landscape
mogascs, how spatinl patierns influence ecological processes and how the landscape mosaic
changes through time{Forman and Godeon 1988, Merriam 1988; Turser. |89, Hansson and
Angelstam 199]1; Fomman 1995, Hansson of al, 1995) Thus, landseape: ecolopgy provides o
broad framework for exploring the ecological function of babitat fragments in developed
ehvitonments and the henefits of conmectivity and inferchange between (ragments in
sustaming local and régional population dynamics (Moss 1983, 197! Forman and Godron
1981, 1986: Harms and Gallagher 1989 Forman 195, 19495)

Movements of anmals, waler and wind through londscape mosaies, and the flow of
malerials, energy and nutnients that are transposted in this way, are centml to how the averall
lankscape functions and to its seological sustainability (Hobbs 153 3a; Forman 195} These
flows through the landscape are clearly influenced by the spatial patbern and composibion of
different habituts. Conseguently, changes i landscape  patterns by clearng ond
fragmentation, by increased iselation or the imposttion of adificial barriers, orby restomtion
ond revegetation, have strong influences on movement pattams — oot only of anmals buf alse
on the flow of other biotic and abiotic compenents such as plants, weeds, seeds, ferhlizer,
snow, duse. salt and so on,

The Now of species and materials throueh the landscape oecurs in & varicty of ways. In
somse siluations movements may be diragt, erossing any boundaries that are encountered. A
fom Fi i:lg I!i:|r;:-|,|g|1 Farrmland, Tor u':m:ulpil.‘. may move directly across cHEn frzhds, !III-':-I-I-gh
cropland and into a woodlond, readify crossing the boundary between wach habitar typs
Howewver, m many sifusfions movemenis of arimals, water and wind tend bo fodlow the same
Lype of habetat or landscape element, snd mimirmie the crossing of boundames I'_'r-ni!u|U|_||.:'|'_-.'.
by virtue of their hemogencity and their high structusal connectivity, continuons linear
hakitats potentially have a key role as condwits for the (iow of species and matennds throweh
the environment {Cantwell and Forman 1994), Stream systems are a good example. They are
continwmes lincar habiiats that effectively channel the movement of water, sediments and
aquatic mvertebrates for larpe distances in a dewnstream direction through the landscape,
while the aetive movements of fish and u.-:[ll.a[i;.' mamamals allow these animals to mave
psiream alsa, apainst the curreni

It es important to note that Timesir habatans and other connecting habitats (or linkages ) m the
landscane, have hroader ecolomical roles than just sssisting the transport of animals and
t e | 1
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matenals through the envimmment, They are an integral part of the Bindscape and contribiste

tir 1% Bbructare and finctyon i oother ways also (Fre, 33 (Forman FREL, 1995

Hrbalal four plante pad animals, There 15 shoandant evidence that linkapes such asriparian
vepetation, hedperows and broad torested strips between reserves provede habdtat for 3
wide rangc l::|'p|;u'.t1 aiad amvigials. Mikime poais L'l\.'_1||'||1||.:.‘\. are thiscussed I"||:l.'\-1-.:|' f,

Filters v barriere fo the movemens of cortain Fpacies N:l'.l.lr'|||:.-'-||r'-.":|'r features such as
streams con form @ boundary 0o ammal home ranges, 0 populations and even o
txonomac units (subspecies or species) when there 15 effective solation of popalations
on gither side. There are striking examples of major rivers, such ag the Amazon in South
Amenca, that form boundaries. between ﬁl]h:irlﬂL'l-\.'!i ol ammals (A yrey xmil
Cluticn-Brock 1992) [solation by natural bamers 15 a pikrt of matural Iandiscnpe
processes, In contrast, disturbance comdors of human ongin (such as highways, canals,
pipehines; rinbway lines, ansmossion cleanngs) ane imposing an ever-growing network
of parial or complete barmers through the landscape (Klein 1971 Oxley o0 @l 1974
.‘;Irl_.".':' 1935 ':.:.ll:lj“|*-.': 198 : Mader 1984, TOER: Benpett 199)] Asking 1994, The
:ﬁl.'ll.]'.LI]_l: cffect on wildlife :|'-.“.~;|:-|.|.|'_%li-:‘:||- that tesults Fram thexe linear disturbance sirips s
2 Major Consery aEinn cancem

Sererces pnd sinks for envicommenial and Blorc effects Linear habitats and other
linkages mteract in numerous ways with thesr surmounding environment, They may
provide shelter, nesting sides or refuge for specics that live in e surounding
environmant find thereby acl as o sink); or animals within the lincar hahitat may move
aut o fomges i adpacent babitats (and thereby they act a5 8 source ). Road systems, fon
example, ore & source of chomical and physical pollutamts from card and they may
mtrodace invasive plants and animals into environments that the road passes through
(Bennctt 1991}, Conversely, nipaman vegetation 15 well known ax a bulfer or sink tha
lirmies the Mow of chemicals, nutnents and poarticulote matter into streams {Binford and
Bucheneaw 19493)
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Flg. 3-3  DMagrammaltic represeniation of a stream ilugtrating four main functions of o linkage

il the landseape. The riparian and aguatic sones: (i} provide s habitat for plants and
amimala; (M) previde a pathway lor mevement of animalz through the surroonding
ety ironnaeme; (Fif) pose 8 bareker or Glter (o 1he mevements of certain animals: and (iv)

are & souree and sknk for Interscthons with the surrounding envirenmenl. From
Benmett (10%940a),



Apparoaches fo Dedersfanaing (e demelily pF Conmeciivil

Landscape soalogy 18 Based on the premase that both natural environments and deyveloped
enviroinents are mosanes, and that if we wash 1o conserve species and communities we mas
urberstand their capacity fo live within and move through such mesaics. [norelatively natural
bandscapes the capacity of animals to move influsnces mis only he statis of populations in
different habitat patches but, bocawse animels are also vestors for the flow of energy, nulrients
and other bota (such a5 gams ites, geeds and BpOmEs) their movements also nfluence
ecological processes in fhe environmenl. 1t can be expecied, therclors, thal ‘m
human-dominated landscapes the ability of animals 1o mave among habitat patches also has
strong influence on sustainabibity of pepulations and ecelogical processes

Summary

The major conceptivel approaches hat wunderpin presemt understanding of fow arimols ve in
fragmented londscapes, sack implicily récognize the mecess
botwean hahitaf and resowrce pafekes (F thelr affeclive long-form conservation 2 o b
achisved. Pragmatic abrervations by fI

S anmimaly o be alde f0 move

e Blolp oty FecopRize Sl I ceriain Circum R
amimaly mued e avsisied Ko franerse |lrl':.--'.'I'.'.l.'r.'nll.':- erviFoRmers aad fo onss eocfogiog

barrlerd o dadly, regular or eigratory mivenedls. The -squilibvium  theory of ixfeamed
biggespraphy predicts that increased movements. of anioale will sisialn g grearer species
Fickiess (h 1solates' by enhancing the rate of spocies colonbiation and reducing the rote af
fpecies extinetiony. Wetapapidation models farke o sprciey-level appwooch and advecai ke
imiporiarice Of movements bedwden habilat patcher fo supplemen focal papulanions thar are
u'rT'l'.'f.'rl.'_l;' fa rreolonize hahitas where local .'h'i'l'l'l-r-

fipmy have disapipearad, and fo colonize
aew habitets gy they brcome avallable. Londscape l.'l:'-'-'ll-'i'.!c:'l' veky 1 dwmdlerstonad ow ianed
meEaies are sireired, howe trey functon aed Sov ey change over time, The fow of energy,
matrignis, Biotn amd abioiic watier trough the mosaic depends on thres primary veciors,
W, warker ard arimals Movemren o) audmaly; |'l|.'h"|.':_r-'?."r'. ix mof el eriifcal tohe sarvival I':"

focal popmifafions, but aiso e the ecodorical fmetion of the wider lomdvcape,

A







PART 2
VALUES OF LINKAGES







4 CONNECTIVITY AND
WILDLIFE CONSERVATION

The first part of this book has addressed the issues and thearetical considerations that have fed
lhiy F'L!'-I!'IEE e tiseE, |'||;|-|.-|-_=.r'-: amel larad Manapers = b0 recognizs the Importance of
maintaining connectivity forspecics. commanitics and ccological processex within developed
landscapes. The theme of this stcond part 15 the values of hnkapes that scheeve wich
connectivity, Attention 1s given 1o different types of linksges that promate lamsiezape
conmectivity, 10 the benefits of linkages in assisting mavernents of animals; and to the role of
linkages as ecolegical elements 1n the lamiscape

Thiz chapter considers how conmechivity can be nchieved in the landscape by differem
typet iof habitat configurations and emphasizes the importance of considering both the spatial
anil temporal cecales at ‘which conncctivity is required, I8 concludes by sommansing and
descussing the propesed advantages and disadvantages of linkiges,

Corridors, stepping stones and other habitat configurations to
enhance connectivity

Haw can fandscagse conmectivity be maintained most etfectively lora particular species or
cammumity? Are there cerlarh srranpements or confipuratioms of habitste that are more
effective than others? Do all species reguire specific linkages o mave through developed
landkscapes!

Animnl specics vary graatly in their level of habitat specialisation and thear iolerance 10
habitai disturbance and change. These atifbulcs are important influenees on liow they
perceive o particulor landscape and the level of connectivity that 1t aflords, Some specios arc
toleriint of human land usc and are able o fve in, and frecly move through, a pachwark of
degraded natural habitats and anthropogenic environments. Such species genzrally do o
reqinre special struciuies of arrangemends of hobitad to mamtain connectivity. Foraxample,
Cobbage White  Batterfhies readily move through disturbed enviromments, ami even
|'l|;|'||‘_'.'--.|-."'. ehoped landscames may not be hostils to thewr dikpersal (Fahng ani ulalheirms
I988). In covrast, thers are many oganisms that ae senslive to habitat change- and
deeradateon and whoss survival and movesnents are Iimited 10 heavily-disturbed landscapes
Bard S :'.c:|'|r'm|q nt anthe Irn|'||.':|| loresl UNOETSIOTEY 4Te AN I:.‘-iIiI:IEI]L‘ of those wath limited
tolerarce, that find cleared land an almost impenctrable bamer (Newmark 19910 For these
species, survival and mainteaance of connectivity in disturbed Fandscapes depends on the
provigsom of sustable hakytal

& prmary distinction can be drawn, therefore, between species that reuire o paricular
type or pattern of habitat to maintsin landscape conpectivity and those thid do requirne some
Ty imd arrangement of suitable habitel, Fow STHEL 1S fall into the former calegory: those that
do are unlikely to be of concem from a conscrvation perspective because af theit wide
wlerance of disturbed environments. Suhsequent discussion m this book relates primarily to
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species in the latter category, that are not ubiquitous in disturbed landscapes, These species
can be envisaged ns occurning abong a prodient of telerance to habitat disturbance,

Landscape conmectivity ean be achieved for animal specses m two muin wayvs (Fig 41 by
managing the whole landscape mosaic to promote movement and popalation continuity, or by
managing specihe habiats within the landscape to achieve this purpose, Clearly, the most
desiruble alemative 8 for the whole landscape to be managed in a way that maintaing
conneciivily for speciss, communitics and ecological processes. This approach 15 especially
suttable for species that perceive the Tandscape as a mosaic of habitats of varying suitahility
nend of which are hostile, These antmals may not live or reproduce in all parts of the mosiis
but are abie to move among mosé habitats to obtain zccess to resources such as food and
sheler, or 1o move bebween focal popalations:

Alternatively, for species that pescaive the landscape as compnsed of surtable patches of
habitat set within a matrix of generally unsiitable or hestile environments, landacape
connectivity depends on the availability and arrangement of suitable habitats. Either
continucus habnat comdors or discrete stepping stones of favoured habitat may assis
individuals 1o move through the mhospitable matrix. This approach depends on sdentifyang
arl mamaging specific habitats for wibdlife.

Habitat mosaics

Im sorne situations, such as the sustainable wse of rangelands for pasioral activities or forests
used for timber prodoction, homan land use resules i modification, rather than total remowal
and loss, of natural habitats. Frequently, the result is 2 habitad mosaic in which the boundaries
between undisturbed vegetation and the modified states may be poorly defined and occur as
mozaics of gradients rather than ag sham discontimaties (Fig. 4-1a}. A primary distinction
between “suitable” and “unsyitable’ hobitats in the landscape is not obvious; rather, many
species use @ range of habitats, af least to a limited cxtent. This tvpe of habitat mosaic has also
been termed o ‘varegated habreat® (Mclintyre and Barrent 1992; Malntyre 1994}, as an
altermative 1o the more common concept of fragmented habitats (Box 4-17,

':'I'lﬂnl:frl'-"lﬁ' i such Ian-:l:atap-:: dt!r-.:nd.-i O BERLres usang the mosuie of natural and
msditiad wegetation 1o meve bebween resources or local populations. Movement 15 not
dependent on anarrangement of girips or patches of Tavoured habitat, bat on use of the whole
mozaie. Pans of the mosaie will be suitable fora particular sp!_'cic",' b0 live in, other parts may
be unsuitable to live wathin but do not inhobit movements, while some pans may be selatively
inhaspitalle.

Munagement of the whole landscape as a habitar meaaic 5 Hkely 1o be an effective way o
provide connectivity in situations whans

* g large pant of the landscape wall resmaan s natural or semi-natural fom:
E e

* the species or communities of concen have a high lkevel of tolerance to existing laml
HREE,

* the goal is to protect wide-ranging species that require larpe aread of habitat
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Fig 4-1

IJndwnp; connectivily may lve achieved im two main ways: (2) by mansging dhe en tire
lundscaps mosabc 1o facilitate movement; or (b) and (c) by malntaining specific
habitzts that ssskst movement throogh aninbospiabls eavirenment, These patterns of
habitat may be In the form of (b) stepping stones of various slhees and spocing, ar o)
habliat esrridors that prn-rlr!:' & continsnus cannection of faveured habitul
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Box 4-1 Birds in a variegated habitat, New England
Tablelands, Australia

In the Mew England whlotands of Mew South Wales, Austrlia, the agricultural
landsc ape does nob conform W the ‘isolates of lmbiatm o sea of developed land ' madel,
frpical of many other rumal regions of Austmlis where loss than 10% of the naral
vegatation remains. Rather, much of the farmland retaing & scattering of spurse troe
cover and native grassland: amongst forest and woodland patehes of vanying size,
disurbance and manngement history (Molnyre and Bamett 1992 Barmett of o, 1994
helntyrs 294} Intotal, about $0% of the teblelands retams tree cover i variogs fonms
topether comprising whit bas been termed o “vanegated hahitat' for the Nors and fauna

O dotal of 137 species of Fand birds known from the region, about half (68 species)
sre regarded as common withan the mural habitat mosic. Others have declined in status,
some. have become locally extinct, while others:are believed never fo have been
sommen mothis arca. Barreft er ol (1994) suppested that an imposant prionity fos
conservaiion of the avifauna is b maintain s mosaic of semi-natursl habitats within the
larmiland environmient, rather than directing attention to secuning a few large reserves
Only 17 specics are believed to be especially dependent onfarge blocks of preater than
4iha und many of these have distributions that ane marginal to the region. The majonty
of the present avifauny can be conserved by working with Tandholders 16 maximize the
health of the woodland patehes, many of which are greatly disturbed apd degraded from
grazing by stock and dichack of trees Patches of woodbind larger than 20ha are
particularly valuable. Landscape comnectivity for most birds can be achieved hy
maintzining the diffuse mozase of forest, apen woodlond and scattered trees (Barpetl &
i, 1R9a)

Adt ollvok mcross 8 variegated landscape in the New Englund Tablelands region, New
=rth YWeley, Australia, Tree eover ecours as o mosakc rather than os distinct patches and
sirips. (Phato: G, Barrest),




Lomnectiviy o Wilalite Censerviation

It is a tess effcctive or unsuitable approach in landscapes that have been substantially
mihificel, especially for species intolerant of disturbance or for maintaining connectivity fod
communities and processes (Tahie 4-1)

The concepd ol a lanckcape kahitat madaie 15 a promising framework G |.n|!:'..-.-\.1:u'.-.!-i||._l_ 1he
dizpersion of animals in forests used sustamably For imber production (Franklin 1989, 1992,
Simberloft  1993). Timber harveshing typically resubls 1 o spabial mosac of
recently-harvested conpes, patches of voung and old regengration. strips of unbancested forest
along Mngams and 00 SECEp hl'.![l'."'.‘i. and some remnants of intact alder forest. Alth 114 b mvaich e
the forest i modified into different states. it s ot L‘i.llli|:lll\:'l|:!} cleared and 5-..'|l|..1|.'-.:|] wilh an
|:|1:-||_'-'_-.]1|I.uh||.' Rk &8 OCCUHrs In iHr1|."u|'!u:.1| |_-||_|r|'_-'|;||.;!_~. of suburban environmeants. Even
Ihnu-gh :e_-.gl_'m-r.l‘.'"qg lorests gy ndd prow ile all of the resoees thist 4 part cular !'i[ll.'l\.'i e pedy
to survive {such as large bollow-beanng trees), they moy pose hitle resstance G the
movement of many animals between protected arens of forest where thege resources are
avatlable. The whole mosaic can be |'|1:|11.3|-_:E-:| o marntan connectivity for wildhie while
parmitting & level of resource hanaest.

Table 4-1 Summary of the potential effectiveness of different types of linkages In
landseapes that have experienced differing lesels of envirenmental
disturhance.

Symbols indicate that the lakage is lkely 1o be: *™* an-effective approach; * somewhat effective; oo
unfikely io be an effegtive spproach

Type of uxe Type of linkapge
Habital masiic Spectlic habitats
Stepping stones  Habitat comidors

A Less-dbsturbod landacapes

Species tolerant of bsbitar Gietishanes e e =
Speckss ntoleraml of habalad disurbaics r . A S
Wide-ranging arul mabile species b ity g
Commitinities and sooloprcal PIICes5es b sl ¥ e

B. Greatly-disturbed landscapes

specnes keranl of habist diskirbance = ey *
species inbiderant of habitt disiorbance - » L L
Wids-ranging snd mobile species * T s

Communitizs ardd l.,‘1_'|_'|||_||rI 1zl roceises - B

K]




Linkager an the Landreape

Habitat corridors

An effective habitat comidor provides a contimsous, of nead continious; link of suiteble
habitat I]Irlll.:|='|l an ir.'|'||l~:|1ll.1|‘|'||: envitonment. Buch commidors have been 1.':|r|nu:.'|_'= termed
‘wildlife corridors’, *dispersal comdors', or “movement comidors® where they are known to
b esed by animmals for movement (Hams and Scheck [P Newmark 1991, Simberloff ef af
1992 Mhass 19935,

Habatat comdors are likely to be a more effeciive mwans of promoting . landseape
connectivity (Table 4-1):

* where a large part of the landscape s modified and inhospitable to native species;

* for zpecies fhat are habitol specialisis or have obligate dependence on undisturbed
hnbetats;

¢ for species that have & limieted seale of movement mh reletion the distunce to be fmversed,
I these simationg, the habital eormidor mug 5|:|'.|'.'|-:L1 rescuprees o sustzim residend
imchividugls or & populalion,

* where the goal 150 mantmn contimaty of populations between habatats, rather than
sinply bostenng infrequent movements of individuals;

= where the goal 15 the contrmasty of entire faunal communitics:

where maintenance of COOSYSIEM perOcasies ||.'|.|'.|jr|_'~. contimunes hahital lfor theki
function,

There are many everyday examples of habitat comdors that link fragments of natuml
vegetation al the local scale in developed landscapes: Lincar features such as hedgerows,
fencerows, plantations, reminant rondside vegetation, streamside strips and unlogped strips of
frest can afl function as linkages. Simatarly, broad tracts of natural vegetation that link nature
reserves or other large natural arcas at the landscape, regional, or even continental scabes, also
function s babitst cormidors (they are here termed landscape linkages):

A distinciron berween different types of habist corridors based on their origin{ Forman and
Codren 1986} 13 wseful because it indicates the likely composition and .,|u:||'i|:-,' af the habstat
for wildlife: Corndors of difforent I.'I'I_I.'_ill alger difTer mn the type il OfEMng manisgemen |-l
thiey reguine:

MNatwral habitat corridors, such as streams.and their associated npanan vegetation (Fig
-2} wsually follow topographic or environmental contoars. and are the result of matural
environmental processes

Remnand kabital earridnorg, such =5 sthps of unlogged {orest within clepr-cut=. mpiural
oo lamad :'.l-::||:|:_ toadsides, or mlural habrtats retained a5 Inks between nature reserves. are
the resulf of cleanng, alteration or disturbance to the surrounding environment.

Regrmerated sabital corvidors ocour as the result of regrowth of a strep of vegetation that
was formery cleared or disturbed. Fencerows-and hedges composed of plants thar originate
from reotstocks, soil-stored seed, or seeds dispersed by wind or birds, are examples
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Planied hahitel corridiors, such as farme plamtations, wisdbrezks or shelteebelts, many
hedperows and some urban grecnbelis have been cetablished by humans. They frequently ane
comgposed of non-indigenous plant species, of exotic planis,

Distwrbance kabitar corvidors include railway liney, moads, cleared transmission lines ancd
other features that result from sustained disturbance withun s fisear stnp. The connecting
featuire % @ lime of disturbed land that differs from the sumoundings. Many disturbonee
comdars, such % powerline sazements (Fig. 4-1), kave detrimental conscquences for naturdl
environmends {Bich ef al, 1994},

Fig, 41 Streams and thelr assoclsted riparian vepetation are examples of natural habitat
carridars thil resubl feem natoral envirenmental proceses. (Phato: & Banneti).




Linkages in fee Lendsonm

Stepping stones

Stepping stones of suitable habitat enhance connectivity in developed landscapes for species
shle to make shor movements IJ'.|||u|::E| thetirbed environments (I:qg 41k Conmectiv i!-:- 1%
achioved by s seguence of short movements or *hops’ from stepping stone 1o stepping siong
alomg the length of the linkage, or by the combined dispersal moveinents of numercus
indeviduals moving between populations resident within a chain of stepping stone habitats
(Box 4-2).

Fig. 4-3 Transmision Une clearings are exnomples of distorbunce corridors that are malntained
by comtinvued haman intervention. Mear Crttawn, sonthern Ontarlo, Canada, (Phatos
A, Benneit)




Conmecimmiy amd HWildlife Concervaiion

Stepping ®tonss are likely 1o be an effective approach 1o manaming landscape

cofnEctiviEy:

+ for species thay cegubardy move between different resource patches in the landzcape
(such as temparally virving fonindl eonarces, or spatially '--:.'|'l|'ITiIIl:'-.| nesting and Foraging
hdarat)y:

v for EPUCIER That arc r-;-l;-|r|'.'r~.'_.' michtle anid able 1o move substantal distances in relation to
{he intervening diseince between fragments;

» forspecies that are toferant of disturbed landscapes, although not necessarily abla to live
within tha modified

LANTHD

= whese the -_-';:_|._':.'|_|'..'.: 15 to maindain conlinuly of I.'L'\.:"Il.li__'.'i.'-\.'ll ProcessEes Ehint -!i.'l'I'-'II-J on
anamal movements and the onimal vectors are capable of movement seriss gaps

Ini the ssme mannes as habitat corridors, stepping stone habitats have different ongins
They may be ratwral patches, such as o chain of wetlands across a region of patches of mio
rainforest within  surounding  driger forests. . Small remneei patchos of vepetnfton or
|n-_':'-||||1|_;_'|,|_'. sections of remsant lincar habiacaty - gan also funciion as stepng  stones
Alternatively, stepping stone habitats may be of human ongin, such 25 plantations, artificaal
ponds or & sequence of urban parks across a metropohitan area

Connectivity at different scales
Spatial scale

The seatwral world 18 complex with o host of ecologieal processes aperiing ot differont spatia
and temporsl sealpg IF the posl of hadiversily conser vation is to preservi viable naturnl
communities and ithe integrity of ecological processcs, them consarvation SFAtcmics m
|J|."».'|.".|lrl|.'|| lanilscapes sl enidie that effective ~'l"nr-|-"-'ll'='i|_'-' is maintained at o wide L of
spatial sonles [ Nose and Harrds 1 0ES; Moss 1991 )

Al the simplest Tevel, it i obvious thel different groups of anirnals deplay makedly
different levels of maobility and operate in the environment at different spatial scales. Bards,
bty and flying insccts have greater mobility than non-flying species such a3 peckos,
centipedes or terrestrial rodenss. Large-bodied animals tend to move farther on o regular basis
w5, fnd carmivores generally forage over o wider rampe than sadentary

than do smlkler spec
herbivores. These dif
between fesources o i scalie relevant fo coch species.

ferent scales of movernent maan that there 15 a peed for suitable linkages

Even within similar groaps of species, closer examunation reveals & range of dhi flerent
movemant pattemns at a range of scales, Within a community of forest birds, for sxamgile,
whether in A frica. South America or Asia, there ane likaly 1o be species that correspond to the
fellowing categorics

» regident specied thar are relstively sedentary, Living within the same habitod wear-rod;

= pesplents that move '¥EII'.:|r|'.-' hetween severa] habitats to obtain different resources

{Food, shelter);




Linfagers in fve Lanasoope

Box 4-12 How do animals move through linkages?

Animals undertake several types of movements through Iinkages, each of which may
anhance contindity between populations end contnibute to muintenance of ecalogical
processes in patchy environments {Bennett 1990a)

First, mdividual spnmals LI windortake sangle chirect movements between resource
patches, wsing binksges 1o pass through inhospitable environments: Such direct
moveméents slong the entire length of a link ure likely to be made by large animals, or
those that regularly move at a greater spatial scale than the dimensions of the linkage. A
i lian pr—sdalw: foira EINE within an agric wltaral lan d.ﬂ:q:r:. fior ax ampHle, My move
theough o habitat comidor in & few minutes. Animals using funnels to cross local
bammers, or moving daily between nesting and Foraging habitats, alse undertake direct
MOVEMEHts.

Second, movermsnts through hnkages may be punciuated by one or mone patses
Individuals that forage as they move may pause several hours, while migrafory birds or
mammils may paese for days or weeks, using the link as ‘stopover’ to forage or rest
before continuing the joumey (see Boxes 5-2, 5-3). However, the same mdividual
moves the enfire dhstance througl the [ink

Third, whete & species i resident within o ||1|l:u::=, mismeros short movements of
individuals to and from, and within the link, can achizve effective popul stion continuity.
The combined effects of numerous movements results in demosraphic exchange and
gena flow bapaeen p:|1|:|: populations connected in this way. Roproduction within the
linkage habitais provides an adeditionnl source of dispersing animals and adds 10 averall
population size, For linkeges of sufficient size and habitat quality to support resident
populations (especially broad |andscape links), this form of movement is the most
effective way that the link can function. It is the only way that linkages can function
effectively where the scale of moverment of organisms s small o relation to the
mterveming distance, or whera the goal is the continuity of entire plant and animal
COMIMUnikicy,

" BpEdICE thint dJ:'p:.ﬂ'_v J:.'-:Eu]ul inoernoils ebween |'u|'|||.a[h ] uh.p‘n::ﬁ y:usa_'nall_'.-'-wu TN
resouress such as fruits and nectar;

« gpecies that undertake annoal migmtions, either to nearby arcas (eg. albndina
migrants} or to deffersnt geographic regions.

in adidition, the life-history requirements of many species of anrmals mean that tndividuals
move at different spatial scales during diffizrént stages of their life. Frogs penerally spend the
first par of life as a tadpole in waler, then disperse to ferresinal hobitats pnd Iater may migrate
between terrestrial and agquatic envimonmenss for breeding Migratory species undartake lang
distance rigrations at regular periods duning their lives, Most species of hirds and mammals
heEve a |1]1J.'-:l.! when mdividuals l'.i.|:=||:ll:|'h|.' frcan the natal FARQE, l.'_-.'|'|:|.'u||g,' 11:a.“.-'i.'|3._' waveril arders
of magnitude farther than daily movements
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Box 4-2 (cont.)

L1}

Dizgrammatlc represeatation of three main ways in which linkages faciliate continuity
between populatbons: (a) direct movement by single individuals; (h) movemend by & gingl
nnlial punctusted by paoses of varioos lengihs within the link; snd, {c} gene Mow the oigh &
population resident within the linkape, resuliing from the comhbined movemenis of &
number of imdividuals,

ig




Linkages in the Lamioape

Thiz #zzential poant is that for animal species and commuonities to throve i land=capes
heavily modificd by people, connectivity within the . lEndscape mest be sufficiest for
mdivadugls ip move 10 obtain the resoorces they need ai di
penernd solution for o hnkage that will meet the requirements of all species. A link that i

effective for one species may be ineffective for others that move of different soales. DifTenent

types of ecolo

ent slapes of hfe. There is no

gical linkages are necded for movements spanning different scales, The type,
gpealily anid scale of the hinkage maist miteh the needs anid scale of movement of the tamel
bt ]

In Table 42, cxamples are presenied of different fooms of hahital configuration that can
enhamce connect vity across three main scales: the local scale (hess than Thm); the |ﬂ."|-.:_1'-.||;‘:l:
weale (from | =145 of kn 'I"n, and the :'..'_"lrlr'l"l.l of bio L }.".1"'!|| ¢ soale | | (= — 10008 of kms), A
the bpcal seale, for example, 8 range of linear habitats such e hedgerows, roadside vegetation,
or foress cormdars may nasisl arrmals oo meyve from metres o0 K ometres I|'|r||l|;-__"|| ok Fied
lamds. This 15 the scale at which movemenss through hinkages have most frequently been
observed (Chapter 5). To mmntain connectivity for animal specizs and ecological processes st
the landecepe scale, perhaps bétween conservation reserves, an appropriafie habitat comidor
iy be norives with wide riparian vepetation of 8 broad steip of natural vegetation delibserately
raserved for this pumase, At the bipgeographic scale, natural features such 48 major river
Ry slemy o medndaih ranges can provide contihuity of Babitul {Bridpewarer 1ORT)

Table d-2 Landscape conflgurations tienhance connectivity for sslmal populationg
at dilferent apatial scales,

Lands:aps Lacal scale Landscape scale Replonal ar
eoafiration i1 km {1 = 1iis kms) hiogeopraphic scale

{I0E0 — T k)

Hakital corridar: hedgerows; Fancerows; ravers and axsocitiod TN TIVEF S5 bamas
Alrcams; roadshiles; foreal  riparian yegctallon, broad mounialn mnecs; (sthnms
courilors; undempasses links betwesn reserves betweeen land masses

Mepning siones  pabches of plants; smsl series of mnall reserves;  chaing of istands: in an
woads; plartations, woodland palches in wrchipelago; wetlands
chains of small weelamds - fanmland; wibvan parks alnnE waleriowl (3ghe

pathiE; alpine habiots
wlong & moustaim cld

HMatnial migsalcy  patchaly-cleared moskicy of Tegeneralimg reglanel soil mosikcs
wizgetation im farmland; anid odd-groowth forest m - sepparting different
mosnic of pnrdens and forest blocks vepefation communities

parks im cila=s

There is a chear méed 1o develop-a better understanding of the uss of Linkages-at different
soiles by different species. Most documented examples have boen at the local scale whers
animals have been observed deing habitat cormidoss oo slEppig Stosmees Lo mbve shor distances
through clearesd land, generally in agneultural setimgs. Yot it is of the landscape, regional and
continental seales that connectrv 1 ] “-‘\-d.r1ll.-.]|.]]|'| IMparant m conservalion Siregy. It 15 al
this scals Ih:|' many proposats for land managemsent are being mades — linkages betwesn




Comnectivine and Bialife Consenvriion

eopservition mescrves, o the development of regional- conservntion nobworks {Hams and
Sohack 1998 Ahem 19935 Jongman 1985, Kubed 19%6) {see Chapier Y for examplies),

Temporal scale

The temporal scale iz also imporast in planning. for landscape connectrvity. Nalural
enviranments are not fixed, but change through time - althoogh this is not always recogmized
in manaEemenl programmnes Changes b hnbrtats mey resill fromm naturdl processes as part of
vopetation sucoesson (such as changes in understorey Siruciure In response to fire), or from
disturbance repimes artéing in the surrounding environment, The latier changes. such a5 weed
imvasion. overgrazing by domestic animals, and harvesting of natural resources, afe
mereasingly impartant in keavily modified landscapes,

These changes mesn that partcular habitat patches or types of resources chimge in
suitability over time for ammal species, so that gome populations wall fluchuate 1 densty of
disappear. For individuals and populations to make full use of resoarces at the appropoate
tme there must be adequate connectivity 1o allow fhem pocess 10 those Tesource patehes
Populations miust be able to ‘track’ the shifting: pattern of switable habitats through time
{Thomas 1994, For some inveriebrates such as butterflies, hahitat switability may change
pickly over o few. years; while for vemebraics dependent on old trees in Torests, changing
sutability of habitats may extemd over several centuries. Long-term planning is required 1o
ensure that ndequate connectivity = ineorporated info lind management in developed
Landscapes.

Habitats withia linkages are also dynamic and change in quality through time. This means
that the ability of a linkage to fulfil itz role changes and that active mamagement may be
needed o sustzin its function over time. Stepping-stone patches of pmsshnd, for example,
thiat provide a pathway Tor butterflics to recolomize # shifting habitot mosiic {see Box 2-5)
mey themselves become unsuitable and limit movements of individuals to other patches.
Active manapement to maintain habitat quality or to provide altemative stepgeng-stone
h

pathiways mast be developed

Advantages and disadvantages of linkages

Practical measurés to promote connectivity of habatats in disfurbed landscapes ane being
widely adopted in land munagement, bt the concept is not without eriticism and debate. As
outlined in Chaptee |, concerns have centred on three mam points (these have been
partcularky directed a1 “corridors ™)

= there i insifficient scientific evidence to demonstrate the benehits of corridors;

* corridors dand other linkages may have nagative effecis Ul outweigh any banchits;

* corfidors may not be 3 cost-cffective oplion in companison with other ways of using

SCATER CONSErVaELIon MEsOUrces

It is amportant thal these points are considered. They an: cich adibreased below, although
froem the booacler perspective of evaluaiing landscape connechivity, rather than habitat
cormdiors per g

T




Iimkapes in e Londscape

Inadequate scientific evidence

The propozed advamtages and disadvantapes of linkages have been canvassed by nomernous
aigthora Amboe] aid Tl.':||||:5l.' 1B Mozs 1987 Simberlaff and Cox 1987 Bennett 99k
Heneiiand Merram 1900 Saalé 1991 Soulé and I.'.l|.||'-||' 1901 Hobbg (092 Simbef bl of af
19482 Newrmark (993 1 |n:!!!.'|r|1:|:.-ﬂr Tt Whilson anmd 1 ||||:|-r-|'.|1'.:|.1.'rr |95, The mam points
o each side, from the perspective of biodiversity comsarvation, are summmanzed i Table 43
(adapted from Moss FPET) The potential benefits of linkages for human recreation and
|.1.|'|:'|~.::u|1|.' accthetics, for |_-!-_;||.|'.|.._-_ are not incloded hora {see Forman 1991 Aherm 1999,

Table 4-3 Heported advantopes apd disadyantapes of linkapges for biodiversity

cOnseryation.

Reported advantages

1 Asgist the movenent of individusls threagh
disturhed landscapes, mcluding:
= wile-ranging species ol move between
hathitats an & g lar hasig:

namadic ar migratary spacies thal move
bewoeen direpalae or seascmadly-vary ing
IEECHEES

= gpeciEs hat miove beltween habimis o
differemt stages of their life-evele

2 Incresse immigrnbion mies o haintal isofates
whbch could
* muaimtsin o higher SPUCIEE richness anid
dhversity,
¢ EppesInent declinme popalabions, thee
reducing their nsk of extinction
* allow ré=esiabhishiment [ollowing iocal
extmction;,
* pphamoe genetic varintion and reduce the
sk of inbrecding dopreagion,
3 Facilitase the coptimuity of nalural ecological

prrocesses in developed lamslscapes

4 I'rovide habical lor many spacies (6 ladmg:

refuge and ehelfer for snimala BV
throwgh the landscape;

= plants el anwmals Bvang within linkages.
5§ Provids ecosystem services such as
mairlenance af weler quality, redachon of
erdsion, and stability of hyidnlagic cyales.

Reporred disadvaniages

L

Insferee immigration rakes to habicat izolates

which could;

« [achlrtate the sSpresd of unwamed spected
punk ng pests, weeds and exotic species;

faculrtaie the spredd of disenss;

inbraduce new genes whach could dismpd

|ncal ndaptateons and co-sdapted gene

pomplakes (ouibresding depracion), and

promote hybeidization between previously

digjunct @xomomic fiems (mces,

Eub-Spicigd].

Incrense exposune of animmls to:

= predutoss, menting or peachmg by bumans,
o ol sources of mornaliiy [
kill=);

 cofpelifies of parasiies

Aot 33 "gink habitats’ i which r'nnrmii::.

excesds reprocluctsan, and ibus functions as a

“draln” on e regional papiiain.

Facilitate the spresd of fire or other abiotic

distarhances.

Establishment and mamagement costd could

reduce fhe resources available for mon

effective conservation mensures, such ns the

purchase of habitala for cedangersd species



Connectivity ana Wildite Comsermition

Evidence in support of the proposed benefits of inkapes 12 the theme of the nex! two
chapters. In.Chapter 3, examples are presented of the way i which hnkages may assist the
mivesmients of animals thropgh disturbed lindscapes: This s followed by examples of stodies
that illostrate the types of conservation benefits gpained from such movements. Subsequently,
R |'_'|-,,-,|-||.._-r # the benefiis c_'.l'i|r.k:|t_l¢'= a5 habitals For spacies anid cormmunities &re reviewed. as

ig their wisber role-in the ECOSYSIETTL,

While 5t 15 essential that the bencfits of linkages be scientifically demonstrated asa bams
fior their use 1o ansd management, it s also appropriaee to appeoach this issue fromea differen
ru._-:-.;-'n_-:_u;',-:_ We can also ask ‘1z there sufficient scentific evidence 1o demonstrate that the
fors of ecolowical linksges has no detrimental effect on the conservation of species-and
gommunities in fragmented landscapes?” This question is equally relevam hecauss in mos
proposals e conserve linkages, decisions must be made about the management prionity and
respurces to be piven to habitats that alreedy exlep, That is, in most stuations the hnking
kabitat already exists but 15 not designated or managed az a link. The issue then relates 1o how
such linking habitats should be managed in the future, Acceptance of the view that Himkages
have no ment because their scientific valiee has not been adequately. demonstrated codld,
ardorunately, lead tor loss of existing natural vegetahon by neglect ar lack of concern, A
patcity of scientific data iz not cvidence againsd linknges, but a éase for pursuing furiher and
better studies to resolve the issee (Hobbs 1992}, Several further points warrant consideration,

+ Habitat connectivity is a characleristic feature of natural environmends. Protection and
resttration of conmactiviby 15 notan arificial change to the landscape: mather, iis the loss
of connectivity and the isalstion of natural environments that 15 an artefict of human
lund use [(Moss 19491

* The ‘precautionary principle’ demands that where knowledge is limited, the prudent
alternative is to retain existing natural linkages in case they are beneficial (Hobbs 1992,

* The weight of evidence shows that isclation of populations and communities, through
loss of intervendng habitat, has a detrimental effect (Chaptet 2).

Disadvantapges may outweigh the advantages

A number of potential problems associated with habitat cormidors have been ilentified (Tahle
4-1), which several workers supgest may outweigh the propoded benefits (Ambuel and
Temple 1983 Simberloff and Cox. 1987), These are imporiant issues. They moge from the
poasible spread of weeds, pests and diszase, to the question of hnkages aciing as sink hwbatals
m which high levels of morality 'dmin’ the overall population, Several points are relevant,

* Emvironmental problems are most likely to accrue for linkages of human ongm,
especially if they atiempi to link areas not neturlly connected. Disturbance comidors,
such as cleared powerline easements through natural forest, are examples where there
may be shpnificant negative effects (Rich efal 195943,

* There is little evidence, as yet, in support of some concerns such as increased mertality
in linkiiges or spread of disease. This does not mean these issues should be dismizsed;
rather, cmpirical studies and monitoring of existing linkages are required fo evaluate
these concems




tinkagpes dn the Londseape

It s difficult o sssess whether problems associated with linkages may compromise all,
or only same, of the funghons of a hinkape. Weed invagion for exemple, 15 0 problen
typical of linear habitats { Lonoy and Hobbs 1991}, But it may have [idtle =fect on the nse
of & lincar habitat by canopy birds. Alernatively, a particular group of species may he
greatly disadvantaged by poaching or hunhing 1 o landscape link; but this may not affect
ity wen |!|!,-' athet ofEanIsms.

* The relative importance of these issues varies hetween linkages of different fomms,
dimensions and  managemenl history, Many dobcerns can be adressed through
management, and by the location and dimensions of habitets protected as Hikapes
{Chapter Th

Linkages may not be a cost-effective option

[his issue & difficult 1o address in general terms because it requires a case-by-vase approach
(F%} il."\.u.!a!-\.hllll costy and benefris for pa rircular sstustiomne:, {.".'l.'arl'_-. |.'I-:'_|rn|'|||.'-: cler anse where thes
concem is valid where proposed linkages are likely to have limited valoe for maiure
conservation in comparnson with alternative uses of conservation resources, Several pints
can be made in relstion to this issue,

* Use of conservation resources on linkages that have limited biclogicsl value can be
minimized by carefully evalusting proposals prior to commilting resources. A number
of cnterin for assessing the relative conservation priorty of different linkages are
outlined in Chapter 8. and a checklist of issues 1o be considersd i also presented

= wiuahons where hnkages may ot be cost-effective are likely to anse when habitats
must be entirely. re-established because the natural comneshing vegetation has boen
destroyed. In such circumstances, nol only s there the cost of revepetafion, but also
uncertainty as 10 whether the natural ecosystem can be effectively restored.

= The outcome of a cost-bemeli anilysis depends on the attnbotes included i the
asseeament, To assess the benefits of linkages only in terms of their abhility to faciliate
direct movements of individual animals {Simberloff e al. 1992} is to ynore other wavs
in which they enhance connectivity for wildlife species (Bax 4-2), lalso overdooks their
contribution as habitnt and in maintaining ecosystem function in the local environment
Phese other *non-movement" valoes aré grest Tor broad lendscape hinkapes or for major
mipanian cormdors, for example; or where connectivity 15 schieved through managing a
mosaic of habitats across the Fandscape, Asessment of costs and benefits must take into
peconnt a rnge of such funchons. In stuations where vegetated links already exisy, but
are not designated as such, the cost relates to maintuining their ecological function m e
longes term, This may be i the form of ongoing management or the cost of land
puarchase if current land wses are imcompatible. However, there 55 an ecological loss if
such emsting vegetation, whether mansged s o linkage or nod, is destroyed or degraded
The cost of not managing the area as a hnkape and having it subsequently degraded must
also be includad in the evaletion

* Alternatives to linkages, such as delibernte translocation of animals (SimberlofTand Cox
19587, must nlso be mssessed for their relative oot and effectiveness as a wildlsfe
conEsrvation measurg



Conmesn vity ard TG Consereation

Summary

T il ape roRreciving can be Jonieved for o W i NG Comei ey I'-'I.HJn'_I:'I'.lI_l:

the ensire landsogpe mozale, or by menaging srecifie perffernd of suifaile habital such a8

FlEpPHE SIORES OF hakitat corridors. The most suitable approach depeniy upon the exient of
Mirhifad prondiffcation im the bamavoupe aad an e species conceried exprecially their iolerance
I._!.r HI:J!'-'II.'I:I'“T! kabitars, The most aiiroefive aiiion for sidini@imng cormeci ot 08 e nmrrie
4 Dt dhis |

ix fikely b by effective orly where there is largely natiral
vegetative cover, or for spectes talerant of fhrgbinod moalificarion. Orgamisms move af @ ramie

Snfire hanrial mon

af spatial scales, frow metres o hundveds of kilometres. Conservation of Biodiversily in

developed ewvironments roguires measures thal will maintain connectiviny Jov species
et iies and ecological procexyes of smidlinle soaley, Mairterence of counestingny must
i b addrecied i the fbemnmoral .r_'.'J:'.:'_ for I (g _-'ll_'l|_'|:'l'|;':.' fer o AraicX |'.|J.'jr|!..:|.'.'| 1A FESOCE
mvailability and hahitar gualite through time. The proposed benefity of enfanced conrectivin
Histurbed lan

i . ,
FERUT e an e reaeEd CapNIciiy af pRimLas fo move TRRaLER | areares, phedied

onpormnitics for dispersal to Golated kabitaty and popudations, and greater fikclikand of the
confinuiy of ecological processes in patchy en

comnectivite may beve siebe e tial vaelie ab babitats e plangs ond anfmaiy, angd alen ke an

ronments. Linkages thet promote landscage

impartant contribution  fo ofer ecologioal | processes i the landscape. Proposed
disadvantages of linkages tnolude therr potential T spresd pedl SpECIes, disrase o enbdiotie
dishirbance; the increaved exposurs of drisals o preaalins, ComPERiors or parasiies and
the risk that axsigning resources to maintenance of linkages will be less cosr-€ fective than

isdariaking oifer CoRTEFRENoN MeEsuet
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5 MOVEMENTS OF ANIMALS
THROUGH LINKAGES

The patpose of this chapter is to examine the use of linkages as pathways for the movenient of
gnimals through inhospitable environments. First, examples are gmven to illusirata the
different types of animal movements that can be asgisied by linkages. These examples are
based on data rapging from anecdotal observations through to detailed studies wsing
radiotelemetry, I is important to note thot in most cases the studica were not designed 19
dircctly expmine the use of linkages. Second, 8 range of mudies are reviewed that present
evidence of the sonservation benefits gained from enhanced connectivity ine developed
landscapes. These include experimental studies, inference from statistical models, simulation
studics and asscciated field datn, and studies of tho use of nnnels and underpisses by snimals

Types of movements assisted by linkages

Movements on a daily or regular basis

The wse of linkages on o daily or regular basis typieally ocours when an animal sheliers or
breds in ome halbitat and forages in other types of habital that sre :'--:|:'H='d-|w-"l-1 by developed land
(Bik 51 ), Regular movements along habitat comdors have been reported for a number of
srecies of cockitoos and parmots ' Austradia {Tebkle 3-1k For gxample, the Regent Parrol
pests m large tree hollows m mesic woeedlands along the Murmay Rives and feeds in nearby
‘matles’ shmblands in the semi-arsd environment of o hesaestemn Victoria, Austmlin
{Burhidge 1985). During the breeding season berds commute daily between nesting habatat
and foraging areas, their Might path generally above or alongside remnant roadside vegetation,
The level of spatial separation between breeding habitat and blocks of foraging habit
wppears tobe important for this threatened species: the birds no longer nest along sections of
ke Murray River where cleanng of mallec sh ubland for farmland has resulted in separation
of more than |{ikm between potential nesting and feeding areas {Burbidgs 1985),

In Ortarso, Canada, Blue Tavs were ohserved choscly foliowing fencerows on flights of up
1o 4km, while carrying beech nuts from the forest to their winter caches (Johnson and
Adkisgon 1955). OF the birds cbeerved., 91% followed the fencerows clhosely and only %% New
over fields, The fencerows provide a travel pathway along which shelier from avian predators
can be readily obtined, In Poland, movements of pessenne birds betweets a pina forest amil a
keke httoral 2ane were found to be greater where o corndar of shube connecied the fwo
halsitats than at 3 nearby site where they wers separated by an cxpanse of grassy meadow
(Dmowski and Kozakiewicz 1990). Birds were not prevented from moving to feed in the
liftoral zane by the absence of a connection but the shrub corridar increased the rate of
miwernenls that were undertaken, a2 measured by mest net Capiures,

chu|i|r MmNt s usIng hmika pEsare made |:|‘_1- witle ~FASTITE 5pE gies when their home
rAnge spans several arcas of remnant vegetation, or o mosaic of habitat, Two species of
large kanpgaroa, the Western Grey Kangaroo and Euro, include a number of patches of




Limkages v the Lamdscaps

Box 5-1 Flight paths of insectivorous bats in the Netherlands

Dy shelters (roost sibes) and nocturmal Foragrmge ereas for bats are often located far AT
In the Metherlands, observation and mupping of datly flight paths of 11 secies of

microchiropteran bats showed that fhght paths were closely associated with linear
habitals such as forest edges, paths, lanes, hedperows sl canals (1 mmpens and Kapteyn
Iy vernoom and - Hnterea 19971 Flight paths adigcent to fall wooded vegctation
were those most frequently traversed throughout the summer activity peciod, These
linzar habitais were used by beits either as a direci flight path to & fodaging area, ns g
ﬂlghl 'r'-l-”l with asaocialed |.'I"-'-|_:'F_E E1 TOAAE 10 |L"l.'-.|.illg EMCEA, OF Bs AR i1-'|r.q:rl.l.nl |'|'|r.:'||_3||'|'||:l
soured in thair owe fjhd

Bmaller species of bats, such as the Pipistrelles, which generally use a high frequency
for echolocation. and bave a short sonar range, closehy followed linear clemens,
Fipstrelles were mrely recorded in open areas such as fields. Larper specics that use
lower frequencies and have a langer samar range, such as the Serotine Bat, appeared to
e less restnicicd (o Hngar habifats and more able to cross OpicH sprces. Semtines were
recorded from a similar proportion of sites close to linsar habitats and in open field
{¥erboom and Hudtema 1997

(ualitative wed quantitative comparisons between landscapes with different patterns
of habitat hive revealed differences in their use by bats, A dense network of flight paths
and 4 tarper nomber of bats were oheerved m 3 landscaps where there wad &
well-developed system of lincar habitats, and o much reduced extent of Might paths was
nbserved where there were faw connecting landscape stements {Limpens and Kapdeyn
1959

Relatiomshlp between Beear lundscape structure (a} and the Might paths of bats () bn s
lundseape im the Nethertands with 5 dense setwork of linesr hobitsts, Landscape structare
im () is shown As: hatching = lnenr habitats with irees, stippling = woosdiand, and shaded =
built up areps. Redrawn from Limpens and Kapteyn (1989) with permission, Verenlging
viar Laogdierkunds en Loogdierbescherming.




Movemeats of Aminrals Throwph Liekagey

remirant woodland or shrubland within their ange in furmland in Western Australia {Arnold
gf l 1991, 1993}, Movements between fragments mamby [oflow stnps of vegetation along
rogdsicles or fencelines, of invielve rapid ransit across short gaps in farmiand. Longer distanece
mavements across fammmland generally occur where feneclines with native vepstation and
patches of trees provide stepping stones of cover, Broad stretehes of cleared farmland that are
too wide for animals o readily traverse set the boundanes for local populations {Amold erall
1843,

Radiatelemetry studies of Red Squirrels in Belgiom (Wauters ef ol 1994) found that adult
sguirrels used hedgerows to move between small woods within their home mmge to explod
faod resources, The daily moverments of the Copper Butterfly in farmiland m Norway closely
follong linear field boundaries, prassy banks and hedgerows, and rarely cioes open ficlds (Fry
and Main 1995)

Clcarly, not all antmals that regularly movie between patchy resources need habitat links to
facilitate their movemenis. Species ihat are tolerant of disturbed habitat or individuals that
eross only shost gaps in their habitat may do so readily. For example, Tawny Owls living in
ainly cleared farmland in Britam were able 1o incorporate several small woods withan thes
[T range, u|1|-|u:._-:'|[|!r' ||_'arJ;'__'r' TR0V TE shor dhstunces #cross Oezn land: between wods
I"||.|.'-.|paI|| I*J"‘-]';}

Regular movements are alzo made by animals that five of lorage within lincar habitats
Aguanic ammals-such as Kiver Oners and Plaiypus harve clongated lincar heme ranges and
regularhy traverse up and down strenm systems {(Serena 19594,

Seasonal and migratory movements

Migratory movements are undertaken by a wide range of animals, pamarly in response to
environmental conditions that result in seasonsl changes (o the quality or shundance of their
food resources. Migration con be defined as a *round trip” movement within the lifespan of an
Imcviglanl, bt q,pica'it!r it mvolves an annual I.!-L'I'l“llu.“.' Trom, and retwm 1o, & l?-EH:L"-i.iﬂE arca
(Sinclair 1983). Other types of movement in response 16 fluctuating resources, that do nod
ivedve & retuen tnp, have been termed emigration or nomadism,

Migm"'-"_"' movements oecur al scales faﬂEfl'lE froam local movements of less (han a
Eilometri hitween different '.'L'gr.lgli-::-u typeos . Of altittichinal zones. ¢ inferconbinastal
ervements such as those of many Balearctic snd Meorctto waders that anmually mygrate
between the northern and. southem hemispheres. Meotropical magratory. bards dhat maoye
betwoen summer breeding habitats in the forests of Canada and USA and overwimienmg
habitats i central and southern America are a P-:'|I'I:'-L"d-|ul-lj-' well stodied group (Feast and
Momon 198i) Terborgh 198%), Aliitudinal migration betwaen habitats at higher and lower
elevations is also common ameng some groups of animals, For example, at leas! 75 species of
some 300 species of birds in the La Selve — Braulio Carille region of Costa Rica undertake
regular movements between montane and lowland forests (Ledselle and Blake 1992). Al
higher clevations in this region {1500-2000m} an even grester percentage of the bird
comrmity (40455 underake such migration

Herwy impariant are iiﬂk.-:'lglﬁh for T|'|F|_.’.F||"'T:l' :¢|:||_'|_."'i|.,‘:5'|' r..ﬂJ.l'l'r' I'I:Ii_ll: ratory prtmils ane l.'Erli-IlJil: l]f
maving through a range of vegetation types and generally do ned require cont InMuOEs COmdors

(L




Lintages in the Lardroaps

of favoured habitat for their joumney, However, migmtion 15 not haphazard — most species
follow well-defined routes, and hnking habitats of vanous forms are used {Elphick 1995;
Bildstemn ef o 19950 The destruction of key elements of such linkages can kave critical
detrimental comsequences for the species concerned (Box 5-2), Migmtory shorebirds end
watorfowl, for example, use a limited number of *siopovers” ulong migration paths for feeding
and shelier before |.':1|'|I|:|||i1|;-_' thear journey. Al these tomes o larpe proportion of the popubation
can be concentrated ma relatively restncted ares. Consequently, degradation or destriction of
stopoyver wetland habrtats, or exces=ve Jl.u.lill:q_.' at thiese fERniE, CAn hitve & severy Gt on
rigrafion and on overall popalation numbers and conservation stats, Thus, game managers
mi Month America, for example, have edtensively fupped the rmugnitory flyvays of watecfowl
and profection of major siopover peinis s o high paonty {Peck 1938). Similarly, many birds
ol prey undereake annsl north-south migrations in Europe, Morth America, South America
Africa wnd other areas, wsing established flight paths. Concentrations of birds occur al
particular features, such as mountain ndges and passes, nerrow coasal plains, isthmuses and
pemnsulis (Bildstem of @f. 1993). The migrating birde are particulardy vulnerable to hunters al
these sites, and large numbers are deliberately Killed, In thess types of migntory movements
connectivity is enhanced af & broad spatial scale by protecting the strategic stopover points
(stepping stones) along these continentul and mterconbinental migration pathways.

For large temestrial herhivores in Afnca, North Amerncn and Europe, human settlements
and other developments that block iradittonal pathways are major impediments o migratory
msxvemnents. Artificial linkagzes such as tunmels and highway underpasses have been employed
by wilidhife monagers fo overcome such barmiers {sec below), Maimenance of tradinomsl
ragratory pathwoys for large mammals has been a primary reason Tor the esablisbhmen of a
number of lindscape linkages, especially in Africa (Baranga 1997 Mwalvaszs [991] [see
examples o Chapier 9). Expansion of human settlemients and agriculiural croplands sermss
magratory pathways, together with honting - and destruction of wild animals that fesd m
croplands, increasingly pose barriers io migration and the nomber of migrating animaks
dwindles and eventually ceases (Bormser 1955, Baranga 1991 ). In the Tarangire Mational Park
in Tanzanis, large hords ofungulaies; such as Zebr, Wildebeest, Hartebeest, Eland snd Orvx,
occur along the Tarangire River duning the dry sewson but during the wet season they leave the
park and disperse widely sver the extensive surmounding grazcy plains. Traditional migratony
paiths to the porth are becoming blocked by larpe farms, cther agricultusal developments amnd
himan seitlements, cmmng the movement of smmals o be greatly reduced or stopped.
Fathways 1o the east still remaim cpen and are vital links between dry season and wet season
habitats for about 55000 mi,—_:.'atihg armals {Homer I'-':'H‘.-] If the TERTLEITINE Mgk
pathwiays are eventually Blocked it must inevitably decmate the herds of these species
because the park, on it own, 8 '=r'|:|.-.|:\.'|.|u:|.I:: i} kustam this number of amimals year-roand

Geasonal pomadic movements by species whose food resources vary in a - relatively
unpredictable manner moy Hkewrse be assisted by habitat corridars or slepping sonc
linkages. For example, frugivorous pigeons that feed mainly in rainforest patches. in edstem
Australia are sdapied 0 using a resource thal occunt naturally in insular patches among
sclerophyll forest {Date eral 1991), Remnants of rainforest and sclerophyll forest as well a3
patches of Camphor Laurel, an intracduced frnting tree, are used by pigeons and may provide
siepping stones through farmiand between the major tracts of rainforést remaining st coastal
znd high elevations (Date ot @l 19915



Table 5-1 Examples of animal movements psing habitat linkages.

Speches or group Connecting feafure Drescription of use Coaniry Heferemce

1 Daily ar regular movements

White<footed Mouse fencerows mipvement theowesh Termland Cidiada Klerriam & Landiee {950

Fed Sepuirrel treerows, hedperows mivEmERs between foading pasches Belgiam Winters e af, (1954
within rmge

Eastern Chipnmiznk fencearaws miverments withm home rapge Cunada Bermett ef al (1794)

i e
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Meew Fealand

Heier (1993
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Sisiget of al. (1985)
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Table 51  Examples of animal movements using habitat linkages. (cont.}

Species or group Cannecting featars Dhescriplion of e IC il % Reference

Fasserine hards strip ef shrube maowEmsEnis hotween & phoe forest dod Poland Dmowske & Korakiowics
lakesade hobitads {1940,

Copper Bustterfly grasay banks amd Medd o arpms,  [(eeding and movement aroand famm fickls  MNorway Frv & Main {1993}
woniled strps, shelter belts

.=-\..l'r'.'-'_|-.-'.-|-'_r 3 My l\..i.;‘!::",r NI}

i Semsonnl or migratory movements

Melilin Chewc haghway underpasses movemesl Berween wister sl surmmer L1554 Reod &t al (19757 Sird
TRECS i !r”.'_'\.:

Inidian Elephant Fatested strnp aid dver crassing - movement hetween sections of Metional India lahnsingh er @, {19501

Park
Alrican Elephani nroad trect of uncultivated land | mavements between Mabional Parks Tarania Mewmark ot al, £1997]

Mountam Fygmme-possum reck-scree comulor aml funnel  mwrvemend of mabes o and from bresding  Auseralts Manserph & Sootts ¢ 1GR9
hahita, disporsal of young

Wit naped :'I-:'rnl."_;u‘.n'r rowdsde wooidlnpd Jeasa| mmiFratsan of Hlocks A ustrali S lidd ety {19RH

¥iper hedezes moverent betwesn hibermston and 11K Preset 19710
FUMEET BCIWITY Anis

.-".I.'I|:l!!.|.'lﬂl'_"'i tunnels urler rands movesiiEnl serods meads i bres=d ng F"‘-”"-i"; _""'"F"" 1. Bzt | [OEDy
1 Dhspecsal movements
Hed Squarrel hedperows, treenows thepersal of evendibes between woodlbots Bclenim Wauters of al (1994)
Sugar Glider foreated oadside vepelation dispersal of juveniles between fonest Anrralia Swckling { | 954)
iFa gEndnes

Long-opcsed Potorao, Forested romdside vepstation ispersal between forest frapments in Aunsiralia Benmeet {150 )

_:|L|1L| 3_1! Farmband




Tahble 5=1 Exnmples of animal movemenis asing habitat 1ll1ll'lg|'t.|;""n|-l

Species or group Connectimg fealure Description of wie Coantiy Rofarance
Columbinn Osound Squirrel  truild, draingges Bnes dispersal between colomics, through forest  Caninda Wiggst & Boog (1988)
hahizat
Kooais windland remmants, plantatsons. dispersdl of translooated nmmali Aagstralia Prewvedt [19%1]
roadipde vepEation, SIng mess
fencerows duspersal of sibadults Between wools, Canada Headerson ar al. (1985
1 wisation of woods
Shomt-beaked Echidnn roadside vegrmation ispersal of juvenles from navad range Assirally Abensherg-Traan {19%1}
Caugar stream channils, ndge lines, igpersal af juveniles berveen moortain L5A Bleter (19253
redds THEEES
Fiver Chter ditches, SEeAms, TIVETs dizpersal berween sTream sy sisms UsA Forman & Godron {198E)
Bank Yole shrubby cormdor dispersal betwesn remnnnt pine fomests Poland sracks | 19E7
White-crowmed Prgeon franments of deciduous fonest post-Medgang dispersal of hirds to Rrge (L Serone & Bancrof {19494}
are=as of forest
Western Yellow Rabin roadsides vegelainon miovement betweesn remmnant vegetaton Aimtrali Saunlers & dé Kebeirn

1501 Meminm & Saunders
{1903y
Ruilas Whistler rosifside vagetaiion dispersal 1o large fernaant of TEMive Anstralia Ll el {1995)
vErelaling

N IT R TR T TR RRETTE

Ried-capped Habin roqckide vegeiabion movement hetween remmant bushland Austrabia {al= { 1950)

American Robin wooded drmage Hoes vreeding disperssl hetween wooded LsA Flzas (1995)
sberlberbeiis
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Table 51

Speches oF ZEoURD

Ringler Butterfly

Connecting feature
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Exnmples of animal mevements using habitat linkages.{coni.)
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Dispersal movements

Dispersal can be deseribed as the one-way movement of an individual away from a home
TANES ©OF h_-,-;i:_._.,—_u,- O A DEw #rch Foy |:'\-'..:|_:'._1:'_'.h'_|_'I i yOung ||-.|;-:-|:|;.'-|r||:u.=\.L. .‘\.i_ll.i.l."r-\.'l- or willaby
|eaves its maternal home mnge and disperses to a new aren where il establishes its own range
The use of hinkages to assist dispersnl of animals between otherwise-isolated patches of
habitat is an Tmporiant way in which they can enhance species” conservation. Immigration of
pew individuals n q._||-|-\.|-.|._-r|.;_-;||: a dechming population te prevent s dizappearance,
introduce new gencs to an isolated population, or allow colonization of new habitats as they
become suitable,

Box 52 Tmpacts of variation in ‘stopover® habitat quality
for Rufous Hummingbirds along a migration
corridor in western USA

The Rufous Humsminghird s one of many species of migratory land birds that breed in
niorthern areas and undertake seasonsl migration 1o the Neotropics where they spend the
winter months. This species breeds in north-western North America and i late sumemer
migrates south atong the Cascade-Sierra Nevada and Rocky Mountain Ranges 10 iLs
winteging grounds in Mexico: Individual birds require seversl stopavers to ‘refuel’
he fore continuing thesr migration, These slopovers occur in misintain meadows wheare
individusls establish temporary territories based around patches of Mowers and feed on
nectar for periods of three days to several weeks to gain sufficient encrgy (body fat) for
confimwed migration,

Detiled observations of Rufous Hummingbind territories, stopover durations ani
food resources wers made ot o study site in California during the southward migration
aver o seven year period (Russell ef al. 19%54), The quality of the siopoyer habitat,
measured in terms of the densaty of Mowers that provids pectar for-the kimminghinds,
varied widely between years. In years of low food abundance, the body mass of
incoming birds was reduced and stopover durations were bonger. Further, in years of
poor habitas quality the overall mie of migration tended 1o be less, suge esting
populstion-vide mmpacts | Russel] er el F#)

What are the smphcitions of vanation m ||IIJ.||I'-. of stopover lishitats? First, longer
shopovers in poor vears delays migration and increases the nsk hat hrds will not
complets migration  within the limiied flowering period af thad fond |'-|‘.|I'|I'-
Late-travelling birds may also be caoght by storms and poor weather along the
migralion route. Second, inmost yeors food 15 limited at stopover paints and birdsof low
body weight unable to obstain terrtorics are at nsk of dying of starvation before
refucling. Third, observations suggested that in years with poor flowering the
population as 4 whole muy decline (Russell ef ol 1954). These ohseryvations show that
|'Igh |:|u.a||h- stopover habatats are ¢ rteal links along migratony pormidos for some lamd
birds. |f matwral varigtion in habitat quality has such an appreciable effect on the
survival of migrating birds, then degradation or complete destruction of critical stopover
points must be & cause for great concem




lamkages in the Landscape

Box 5-3 Stepping stone fragments for the dispersal of
White-crowned Pigeons in Florida, USA

The White-crowmed Pigeon 15 an obhigate frogavore and an importent seed disperser in
the seazimal ikiciduous forests of south Flonda, USA (Strong and Bancroft 994 iz s
highly mobile species that feeds on fruits of at least 37 species of trees and shrubs. In the
upper Flomds Keys area, it nests’ calonially of semd-colanally, mamly on islands in
Flotida Bay. Consequently, post-fledging dispersal by voung pigeons involves un
over-watet flight of several kifometres, followed by funher flight to locate habitats with
sprtable food resources,

limneatiire tonds $hit dispersed o the mamland fed almost exclusively within the
Everpindes Matsonal Park or an adjacent wildlife management area, However, birds
d.'5|:n::5|rlg; ta the Meinhne H.-:'_'.F. are ol able 1o reach |:|'_|,;-: areas of pTrnl:rlad bortesd

within the firsl 71 hours of dispersal, but micst pass through the heanly frapmented

southern avea where they preferentially selected the larger fragments (5-Zikha) of
seasonal decidecus forest (Strong and Bancroft 19949), These fTagments appear o
futsetion s impatant stepping stones for immature pigeons during the first stage of
digpersal 1o the north where large blocks of habitat are protected in reserves. The
preference for larger siepping stones en route may be that they provide feeding areas
with adegquate cover from predators for inccperienced birds (Strong and Bancrofl 1954)

What evidence i5 thene that Ijlh|ll.'l'.illl' aninaly wiss |||1k:|zw::.-' |:I|I.|'u:r.ul meveEmenls e
often difficuli to obssrve or follow unless ammals are midrvidually marked or have
radio-tramsmitiers aftached. Even ga, it can @3l be difficuli 1o determine the actual pathway
taken by the moving animal. However, & range of examples are available that illustrate how
habitat lisks facilitate the movements of dispersing animals, especially for mammals (Table
5-1)[Box 5-37,

Arhoreal mammals live above ground in the shrub or canopy wee layer and generally are
dependent on networks of trecs or shrubs to move through cleared land, The use of trecrows
ard hedgerows by squirrels ks well documented (see below) The Sagrar Glider, o small
arboreal marsupial of castern Australia, also pses forested habitat comders for dispersal
Studics of & population of Sugar Gliders living in fragments of eucalypt forest amongst
farmiand in southem Yictorna showed that beth males and females dispersed from their natal
range ab about 12 memths of age (Suckling 1984}, Supar Gliders mave by gliding betwesn
trees over distances of af least 50m. All of the known dispersal movements of youug gliders
involved movement along a forested roadside strip for distances up to 1.9km, although this
ulsa included movements of up to 200m scross treeless gaps by some mdividuats. Four other
arboreal marsupials, the Common Kingtail Possum, Common Brushtail Possem, Koala, and
Featherfaill Glider were dlsg recorded in the roadside stnip and probably alse use it a5 a
pathway for dispecsal through cleored farmland. Large expanses of clearcd farmband limat or
prevent the movement of tree-dwelling mammealy,



Aovesiemly of Andiiali :rlll.ll.l.'.lj,:.ll .I'.'lr\k.'.lg.:-'r

In another study in southem Aastmlbia, mdie-telemetry was uzed to obhserve the movements
ol Koskss that were translocated intg natural forest habstat op the ouoter wrban fomge of
Ballwrat, Victoria, after beityg found in hazardous situations om highways, or at nsk from dogs
(Prevedt 1990 Koalas weed 2 senes of habitat corridors, remnam patches of trees and singhe
frees a5 klepping stones in their extensive movement thrwgh the landscape before
establishing 1n & new home range (Fig. 5-1).

Linkapes muy be gsed for dispersal not only in disturbed environments, but also in natural
environments.: At a smdy site in Alberta, Canada, where Calumbian Groond Squimeds five n
colofies i grassy mendows surmounded by forest or bog habitats, animals that dispersed from
their colony followed troifs, drainage Hnes and fopographic featunes, o oreate ' squirrel
highways' between colonies (Wiggett and Boag 1989), Movement along these linear features
is & good strategy for locating new colonics bocause most suitable meadow habitat iz sdfacont
(o wateraays ond trucks along valley Aooss.

[] open crazsmpagnosties: et

I-npr-'rnlrtl @ manayan L gue
[H] Aemnant mcanpe e A1 Felemse oo
.‘-:-'?..'-‘:'; k- el eradeas ohlafy AR edaralidsy Doason

) Pkl Bl

Fig, >-1(n) - Movement path of an aduolt male Kopln in the erban-rural fringe of Ballarar, Yictoria,
Ansiralin, afier thi animal was franslocated from an orben situathos where # waos
harwssed by dogs. Mumbers represent sequential locations of the individual by
radiotelemetry, From Prevert (1991 with permission, Sarrey Beatty & Sons,
Publishers.
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Fig- 5=1 (b} Kaoals (Photo: L. Lumsden).

Stregm sy stems also form: natursl cormidors for dispersal. Despersal movements of River
Utters 10 [dnho, USA, invalved extensive travel along streams and river systems. Shot
mavements overland were necessary 1o coss betwesn sircam systems, but such fraverses
were assisted by ditcles and low-order streams (Melquist and Homocker 1983; Forman anid
Ciodron | 986} Tn south-west Western Austrabia, dense vegetation along stream banks is o
focus for habitat management to assist dispersal of the endangered Noisy Scrubbard, This
vy species ocoumes dense low shrubby vegetation and seldom flics, Recent popalation
expansion appears to have been assisted by dispersal along stream systems with dense
vepetation (Dianks 1991)



Movesierty of Anfsurly Throwgh Linkages

Range extension

& number of isstances have been reported in which Finear habitats have assisied the range
LXPANSI06 of animal species into areds not formerly |'~'.'r|||'-|-::|| A interesting exarmple 15 the
spread of the Weadow Vole, o prasstand rodent, near Champagne-Urbana in Hlinois, USA
Girassland vegetation adjacont to interstate highways has served s a pithway for the Meadow
¥ale to expand its distribution by F00km, over a six-year period, into new grassland habitat
frrmerly isolated by forest {Getz er al. [9TR) Inmost cases, however, these Instances of mnge
expansion Involve the spread of mtroduced specics, often a pest species, which has an
ecolopically detrimental cffect, In Australia, the distribution of the Common Mynah has
expandad fn a radial fashion from the wiban centres of Melboumne and Sydney. This
insrocluced bird s common along the disturbed cdges of mun mighways which have
undeatbtesdly heen the pathway for its spread (Bennett 1991). Similarly, roads and tracks
enhance opportunities for introdeced Cane Toads to colonize new habitats and expand their
range in northemn Australia (Seabrook and Dettman 1996). Mink, an introduced species in
Britain, has spread mpidly in the wild. The expansion of its range occurs by dispersal along
river commdors, with the initial rate estimated 1o have been 20km per year (Hwmis and
Wooltard 1950}

Tunnels and underpasses to assist movement across
local barriers

The increasing mamber of hazards and basriers 1o wildlife in developed landscapes conses
di=ruption to the regular or scasonal movemend patterns of many animals. Railway lines,
power line easdments, canals, pipelines, culvers, fences and roads, hinder or prevent nafuril
movements. Reads, in pasticubar, pose a barmier to wildlife movements due to the expanse of
pleased and aered habiat: the noise, movements and flashing lights from passing traffic; and
the risk of death from passing vehicles (Bermett 1991} The extent of road systems i
EmOTTCHAS, I.hr|'|||.|_:I|.-.'\-||.1 almost all environments.

Tumneks and underposses ace u distinetive type of link theat are short, direct and have the
specific goal of facilitating local maovemenis of wikdlife across potential barmers (Box 5-4),
The most obvious benefit from undempasses: under roads, for exampde, =2 redetion 1n the
numiher ot armals killed h:,. wehucoles while u|'||_'|'|'|q"-1'||'|g 0 crodd. & IT|I'|I[I5|irIH todl of dead
snimals has often Baen the visual stimulus that kas prompted action.  Other conservabion
heaefits from assisting movements across local impediments are less readily observied. These
inchude reduced disruption to social orgonization (Box 5-5), maintenance of normal
mevement patterns, snd reduced moeality dunng the disgsersal phase in & Specics life-history.

Highway underpasses are now regularly used for the management of larpo pume species
such as Elk, Mule Deer and Mountain Goat in Morth America (Reed et al. 1975, Reed 1981
Ward 1982; Singer i ol 1985; Harris | 988h), They have proved effective in assisting animals
1 cross highways af migration pathways, or where busy highways bisect thear habitsts, thus
alwe redacine wehicke damape and human fatalides (Fig. 5-2). In (lacier Mational Park m
Momtana, USA, whers o highway erossed the pathway of Mountain Goats trvelling to a
natural salilick, the nnimals were inhibited, but not prevendsd, from crogsing the road {Sinper
1975). However, the effects of the road traffic included increased stress for the anmals, the

i
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Box 54 Underpasses to assist seasonal migration of Mule
Deer in western USA

A early trial of u highway underpass for a large mammal speoes wis made m 1970 ia
west-central Colorado, USA, where & regular rmgraten pathway of BMule Deer moving
between sumimer and winter ranges crossed interstate-ighway 70 (Read efal 19753, A
concriete hox IJI'II.||.I|"|.I!.!i (dm & 3m x 3im}, combined with E|.|‘-|'|-.-.,_r_.- r'.._-u.-_-rnL.g_ WS
installed -and momtored for wse over four vears. Most deer successfully used the
umidberpass {on estimated 6% of the Toeal papulation), with the member of individuals
crossing the highway increasing by 33% per year over the four-year period {Reed e al
1975}

Wider and taller “machinery” widerpasses - (¥m x 4.5m 26 1m) were wsed 1opether
with 3 sories of box underpisscs on i section of inferstate highway BD in Wyominge,
LISA, where the highway bizected a migration path of about 1,000 Mule Deer {Ward
P82y, Higthway fencime and one-w ay gates, o allow dees Iripped insede the fence o
extl, were also instalked. Deer were reluciant to use the undemasses m the first vear and
food bnts were used to aftract them fothe passagaways, Increased use in subscquent
years, a8 Colorads, :\u;.';.'q::-.:-\.'l.'i i |:::|.l|1||'|r_ pidiemn The |;r_i]:_'-_|'+_:-'.5.['5 woere successiul in
mesisting the miprabion of Mule Deer, while also reducing road kills by 50% from
monitored feviels before interventisd {Wand 195823,

risk of SCPREroison ol mother an: PO, and increazed I1'-..-|Ia'.il_'.- frowm possdd kxlls, Wihen-an
underpass wes subzequendly constructed, Tess stress was obsesved in animals crossing aod die
number and seatomal duration of Wit to the saltfick inersased (Singer et al. 1985)

Expenence in Califormin and Flomda, LI5A | has shown thof underpasses assist movement
of large wide-ranging species such as Cougars or Panthers {Cougar, Panther or Puma an
different namees for the taxon Felis coneolor). Inscuthem Flonida, o-serics of 24 undemasss,;
each approximatcly 20m long and 2m I"ij_l.!'. have becn specinlly constructed along & Gdkm
sectron of interstate highway 75 where it runs through a major habitar of the Flonda Panther
{Smith 1993; Foster and Hurmphrey 1995), Thineen bridges ere also being extended to allow
land crossings adjacent to wet areas. The siting of the underpasses was based on known
movernents and the locabion of previous road kills of Flonds Panthers. Highway fencing has
been erected to keep animals off the road and funnel them into the underpasses. Monitoring of
animal movements through four underpasses over penods of up to 16 months recorded 837
crossings of 20 species, inchuding Florida Panther, Black Bear, Bobeat and large numbers of
Whrte-tmled Deer (Fostér and Humphrey 1995}, Radio-tracking data for Panthers and
Bobcats showed that individials used the underpasses mainly to travel to portions of their
vz rAngEs ‘\.I.'_','\i.'ll'.l.l'\.'ll ‘,*:.- the |'.i'&r|',-,l.'.'|'_.,-

Underpasses or tunncls have also been used to facilitate movements, ar to reduce the road
1ol for EPECICS 35 diverse as Hii.l]_l'_l.':'\‘ in Bntin and the Metherbands (Forman and I[n:r_:pll:;..‘:l:'r
[%H). Moumtain Pyamy-posdam in Awstralia (Box 5-5% and Common Toads-and other
amphrbians n oumercas counimes in Europe (van Leeuwen 1983 Lanpton 1989
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Box 5-5 Rock-scree corridor and tunnel for the Mountain
Pygmy-possum in Australia

The alpang habitat of the endangered Mountain Pygey-possumi1s limited 1o less than
IZk_ml" m enuth-eneiam Australin, where this emall manmal inhabifg rock screes and
baulder fHelds that hnve suliable sub-alpine heathland vegetation. Shout 40% o the total
papulation of some. 2,500 indviduals oocurs m the Mt Hippmbotham oren, Victoos,
whicly £5 bisected by a ski resort (Mansergh and Scotts [REY] AR this site, females
iccugry. high-gqualicy habitats at higher elevations and males move to and from these
habdtats for the breeding ssason (Mansergh and Seotta 19900 A read and recend
developments on an adjacent slope were beligved 1o be inhibiting the  szasonal
movement of minles and |!|'-r|,||'lh11g the s0s1al orpatiieuon ol Lh p::-|:-|'.|:i.|i|.|r| Flpage
comelusions were based on & comparison of the population demography with that of a
populatien onoa nearby undeveloped slopss

A funnel-ghnped habitar corridor, 60m in length, wis constructed of rocks and
bnulders leading oo two tuisels wnder the road, thus regtoring comtinuity of rock scree
hobitet acioss [|:|,: |JL'l.c:|.||1r|1|.":! AT, B rEiHe-SCngIng  COmern W ithin the tunnel
photearanbed animals ugsing the habitat corddor within two  weeks - of - tunne|
constroction, Continued moritonng reveled a ~|.|5_.'||ﬁ|.'.1r|r seagofn] difference in the
direction of movemen! of pnmels throagh the funmel In the season following
corstrustion of the rocky habiiat cormdor, Iilﬁpﬂsil: of munles ot the end of the be feding

peTead EI-E:I'.':. increased und overwimier survivel of famaleg sncreaged ooa bevel
camparable to that on undisturbed slopes (Monsergh and Scotts 10897 The tunnel has
hod 2 bigh public profile and is known colloguiaily as the ' unnzl of love’ {Steer 19E7)

Rock-scree corridor snd tunnel for the
Muantsle Pygmy-possum 1o Austrabla,

Mountain Pygmy-possam
{Phode; 1. Manserglh),

Al




Limkages in rhe Lamdscape

Fig. 51 {u) Highway wnderpasses combined with rondside fencing have preatly reduced the
numieer of Elk killed an the trans-Canada highway in Banil Mationsl Park, Cannda,
[Photo: & Bennebth,

Fig. 5-X i} Elk {Fhotn: &, Bonmeti].

&2
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Amtphibinns that eross roads 1o ponds or wetlands during the broeding season can be Kalled in
large numbers, The mortality of Common Toads crissing & highway to their breeding ponds
in the Metherdands was estimated to be 30¢% of fernales {van Gelder 1973). Ona 3 1km stretch
of read i Britain, regularly monitored throughout the year, 40% ol the snnual road kil of
Comeon Frogs was recorded g single week during the breeding season (Hodson 15960).
Whils estimates of nstural mortality are required to assess the significance of such road kills,
casures that reduce divect mormbity will help fo alkeviate one of the many pressures on
amnphibians surviving in developed landscapes. Tunnels and culverts for wildlife are also used
wnder pailiwny Hines (Hunt o ol 1987; Yanes ef al. 1995) and. in Alaska, oil pipelines have
been elevated above the ground to provide underpasses for Carbou populations (Klem 1971
Curstola md Murphy 19845,

It st be stressed that successful wse of unnels and underpasses by some species does not
mezan thial roads and freewnys can be carved through ntuiral hakitats with manimal impast on
wilillife, Boad sysems have a- host of direet and-mdirect detrimentsl effects on naturml
commumities (Harriz and Callagher 1989 Benneit 1997 Formam and Hersperger 1954} and
further dhigeection of natioral areas rosst be registed and prevented

Experimental investigations of the values of linkages

Eaxpernmenta] studies provide the strongest groumds for testing kypotheses and confirming
cousal relationships in scientific investigations. Therefore, the most convincing evidence for
the comservation benefits of linkages will come from carefully desipned, manipulative field
eaperments, Micholls and Margules {1991 discissad vanous designs to test the hyppothesis
that *recolonisstion will be greater in remnants that are conneciéd 1o source ansos by coridis
tham in unconmecied remnants”, A suitable study design would invodve cleanng a COnTEAS
arca of imlzct habital to leave & sedes of equal-sized remnands, half of which (randomby
wsapned) ane solated ond half linked by habitat corriders of equal length and width, For eacl
if thess Eftnps :'lt.l.'l:'rl'.l'lﬂﬂ[.‘.. half would be ":-'.l.-"l'\-"l-': Lir & E‘I_T‘_\-l_"'l'llTr:!I'Itil'l gxtinction of the rﬂT]Ll{'l
species, while the remaining remnants would serve as controls {Fig. 5-3a). The atality of the
target. ppecies to rocolonize rermants in cach treatment would then be monsored, In a
landscape already fragmented, an alternative design could involve a seres of replicate
remnants, half of which are connected and half isolated from a large mainland habitat (Fig.
=3k

While the design of such expenments may seem straightforward, the practical dificulsics
mvalved in clearing natural habitaty to create remnants and habitat corvidors of switable sze,
ot in locating suitable remnants 1o carry out such a study in fragmented landscapes are
enrmous. After examining combinations of remmants and. habitat comdors: and the
issckiated covariates of remnant size and corndor lengih amongst a miosan of many hundreds
of remnants in the wheatbelt of Western Australia, Nicholls and Margules (1931) concluded
hat it was not possable to find suitable sies to adequately perform the expenment. It is even
less |"LL|_‘!,- that such an l."}:;!{'llllll.'ll'lill d.|'l|:l|'l.'li.|--'l'| can be 3[\1"|]||;'l:| I8} u.'i:":i"b-.'\-il'l,j_l ihe conservation
vibue of broad landscape linkages that facilitate movements of individuals and the continuity
of ‘enting assemblages at the landscape scale, Such major links between reserves or large
Rafural greas usually Wave a sample see of one, and consaguently the benedits of conmestivity
can not be analyzed statistically (Beier and Loe 1993]

&1




Fig 5-3
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Representation of an idealived desipn io test the hypothesis that “recolomizstion wil b
preater for remane connected o searce areas by corridors than far mEconnecis
arcas”, (a) Desipn based un the creatinn of an experimenial pratocol fram o single large
hahitat, The central pard of the habitut has been cleared leaving @ series of connected
and unconnecied babital remnanty for experimental manipulation. |l Deag
based on & Inndscape already feagmentsd in which it ix passible to bocste & series of
remmant habitats that are either linked or Belated from » nearby barger labimt e
ench cuse, clesed clreles repreient remnant haliists from which the organlsn osdes
study has been driven to Jocal eatinetion and open circles represent the centrols

Redrawn from Micholls and Margules (1991 with permission, Surrey Besmy & Sons
Pullishers
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Same Timated expenmental data have come trom a large field progect on the ellects of
clonring minforests in the Bragilan Amazon (Lovepoy ot ol 1984, Biesregaand of al. 19%1)
This biss rchieded 8 stedy of "army=an! followers’, 8 guild of forest binds that ohligaton]y fecd
pa fnsects destucbed by swammueg Army Anis, Anny-ant Tollowers are sensive 1o
fragmeritation and dhsappeared immediately when Tha and 10ha fragments were 1snkated
(eobbmies of Army Ants use about 30ha of forest) (Bierregaard #f @l 1992), In one 100ha
peserve that remeined conoected by o nparan corsidar, 2km in kength and 1003 00m wie, the
siriichine of the understorey bird community was et distnguishable in the first vear from that
in control plots in continuous forest. However, whena 250m break was cleaned inthe comdor
{ 1. bk destand From the fragment) s vear later, the three obligate ani-following species mpadly
disappeared from the reserve (Bicrregaard erall 1992}, Adter a yeur of reganeration in the
corridor, 1t was reported that ope of the spocies was beginming fo recolomize (Harper in
Simiber]off and Cox 198T),

Systermnatic monitering of understorey birds in the same fragments before and after
isalation fevedled § dramatic decline in both abandince and richness of insectvorous specics
following experimental isolation {StoufTer and Bierregaard 19%5a). In the years following
isnlation, growth of secondary vepetation zround the fragments provided increasing cover ansd
coanectivity for understorey hirds, assisting them to move through the disturbed mosaic and
reoctonize fragmments, Mixed focks of 13 commeon spetics repssembled m F0ba (bof nof m
Iha) Iepments by G4 yEirs aiter wsobalon, bt terrestrial inssctivores had not recolonied
[ S Ll et anad 1I|i:'rrq-ga.'|r-!i 15Kk 5a ), In comtrast Lo theas insscilvorous berds theat wene iselated 1"',-'
foest clearing of only 70-650m, the species composition and abundance of neclanyoerous
hummingbirds showed licile change (Stouffer and Bicrregaard 1995b) The scale of
mevement normmally undertaken by humminghirds, together with their habitat tolerance,
aflowed them to move freely through the mosaic of Tragmenis, DpoT arcas, yOung gecond
growth and intact forest te continue their use of fragment habitats,

An experimental prodocol cresting both isolated and Linked frapments has been
implemented in bopeal forests of Alberta, Canada, i comunction with timber harvestng
epetations [ Schrmepelow and Hannon 1993: Machtans «f af. 1998}, Numbers of forest s
Were manitored in two mparian boffers £ 10w wide) that linked forest fragments left afler
I-'J.".'I.:'s.l:l"g_ arsd 1 matched contral siles I,l,'|||'|||| IJ|E|_'| Forest Obsarvalionsg wane alao macle af
mivements by birds across clear-cuts that ssolated the fragments. Movement rates of fones
birds - across open clear-cuts were significantly  Mower than capiure rales in the forest,
indicating that forest birds were inhibited by open habitat. When forested buffer stnps were
compared with forest controls, the corridors were found to enhance the movements of
juveniles {probahbly dispersing incividuals) and maintam (bl 0L INCTCHSE) AHIYEMICTEE of
adduts (Machtans ef ol 1996). A further test of the values of these corridors will come when
LOmpanson s made between the composition of forest bird compwkiseties 1 linked varsus
isalared forest blocks.

Several ablempts have been made to design experimental sets of connected and wsolated
habitat patehes to assess the role of linkapes (La Polla and Barrett 1993; Lorenz and Burrett
19501, Smal) patchés of gusshlnd kakitad (20m x 20m) were linked by wide (Sm} grassy
bakitaf comdoms, parrow §1m) cormdons of po cemdors { Him gap of mown griess) to exanune
the effocts of hakitat cormdor widih and presenoes on |'||.l|.'||J|i|l.lI.'lIH|!| namics pnd nome range use
of the Meadow Viale {La Polla and Barrett 14943, Treatmends with hatsiiat cormdors supponcd

i
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Box 56 Dispersal of American Robins between farmland
shelterbelts, North Dakota, USA

Shelterbelts of trees, planted as windbreaks on farms, are osed e breedimr aies by
tree-nesting kirds s the apen plains of Norsth Dakeds, TISA, In a study area of some
MM A, Hags { 1995 hansh vcloalby marked I:-rﬂr|:||'|_; Amencan Kobins, Brown Thrashers
and Lopgerhead Shrikes m each of 16 clusters of shelierbelts {17 shelierbelts e
cluster) m formland. The only other habitats with trees o the study srea were ndmow
lines of native woodland, “woody draws”; slong creek beds or fnist 2omes,

Movement of binds between breeding sites, both withina year and among years; wers
miastly wathin the same shelierbell or between shelterbelts m the s=ame cluster. However,
in-each WEAT SOIME |Oauper Iw-:*.:--.lru_- w.llt:__h.!r!-i:l| mesverments wens detected, These invodved
birds moving from shelierbelt clusters 1o nest in woody draws or 10 nest in another
ciuster {Haas 19955 Movements between clusters were more Iikely to occur bebwecn
thees Timked by woody drsws than between isolsted clusters. Although aot essentisl for
dispersal, woody draws appear to function as stepping stones that significantly increass
the mowvement of bards through the landscape (Haas 19955 These results are parhiculady
interesting because American Bobing ore regarded as open-country binds and might be
expocied to be muoch less dependent on labitat links than forest-dependent species

2.5 o
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shefterbelt clusters

Dispersal events per pair of
o
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Linked Isolated
clusters clusters

Comparisns of the mumber of disperial events per pair of shelterhedt clusters for American
Rohing: {a) between clustiers linked by weody draws amd (b) between those nod linked. Data
from Homs {1995,




Mevements of Allenls Through Linkages

wgnificantly higher densities of voles than condrols, and significantly mors males dispensed

between connected patches than between patches withoul habital commdors. However, each
il was gmaller than the home rangs of asinple make and individuals were found to-have

eguilly moved between patches acrose treatiments | I of tilled growmned ) as withiy treatmends.

]-xpugl_un:ﬂtu'l :|5:E:r,_\.||_'|u_‘-h have also besn used fo assess the preference of animals for
moyemmEnt I'||:-'::~.jg?_1 habitad coendors of ditfersnt types or guality, bosed on franslocating
animals b differsnt situations and then monitoning their p-ulf-.::ll!.u.‘.l.‘." i Marmiam and Lanoge
1990 Rueferacht and Kmpht 1995), The White-footed Mouse % a commaon small rodent m
castern Omtario, Canada. It favours woodland vegetation bul ocours wadely through farm
lamdscapes, including wooded and shrubby fencerows, fanm bwildings and accasionally
groplands. When resident individuals and transtocated indiidoals (io simmlate dispersers
unfemiliar with the landscape) were released into fencerows in Ontanio, animals from botk
prougs wsed fencerow vegetotion For moveinent m preferznce o adjzcent fields (Mermam and
Lanoue 199, Both types of anmmals showed a significantly greater use of fencerows with
comples vegelation structure for méavement than they did for simple fencerows {manly
narrow grassy strips). This preference was mist pronounced for the translocated animials thi
were unfamiliar with the environment, suggesting a behaviournl preference for habitat tha
provides shelter and refuge during movermen

Evidence for the value of connectivity from predictive models

Predictive modeks have frequently been used w describe the pattern of cocurrence of animal
species of the richacss of faunal assemblages in remmant hakbitats. Typically these take the
form of multiple rearession models that include one or more vasiables cach "explaining” &
significant pomion of the variation in the response variable. The inclusion of measares of
comnectivity (such as length of adjoining linear habitats) or of isolation {such as the distance to
nearty larger habitat, or the tofal amaount of hebitat within a defined radius) as significant
explanatory variables in regression models indicates the importance of landscape patiem
ihe disiribution of the BpECiEs

While the relationships revealed by such models ane not necessarly causal they presenl
srong inferential evidence of the value of landscape connectivity, especially when they are
comibined with practical insights into the biology of the species concermed {Boxes 5-7, 58
and 5-9). For example, separate field studies were made of the occurrence of the Red Squirrel
m woadlands amongst agriculbural areas in the Netherlands (Verboom and van Apeldoom
1990 and of the Cirey Squirrel (Fig. 543 in woods in raral East Anglia, England (Fitzgibbon
1993, Satistical models of these data sets predocied independently for cach situation that
squirmels were more ikely 1o ocour in woods that:

' WiERe |,_|r|:=.|:r;
contained suitable Lree Bl L

were close o on I:_l.rgr-_.r wiod:

were sumrounded by a high density of hedgerows
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Box 5-7 Possums and Tree Kangaroos in tropical rainforest
remnants, North Queensland, Australia

Arbogeal marsuptals in tropical rainforest in Queensland, Australin, show mucked
variation im their sensitivity to extinction following fragmentation of rainforest habitats
(Pahl & al. 1988; Laurmnce 19901}, One species, the Lemuroid Ringtadl, was virtually
wbsent from remnants; twospecies, the Herhert River Ringtail Possum and Lumboliz's
Treo Kangaroo, showed a negative response to fragmentation compared with their
oocurTemee in control sies m exiensive :'.allifl:h.':i[; andl for the TEMAINInE two ,.:p.:.:ir_-:., ke
Coppery Brushtml Possum and Green Ringtal, the frequency of ecourrence in remmants
did naot differ from control Sites:

Ihe sensitivity of these marsupials to extinction was negatively correlated with their
whility to uss secondary regrowth and riparan vegelation along the strenm systems that
imked most ranforest reminants, Those species most tolerant of frigmentation wers
trequently recorded in riparian strips, Converscly, the Lemuroid Ringtail, which was not
recorded in regrowth vegetation along streams, was lenst able to persist in rempants
despite being comman in nearby extensive rainforest (Laumince 19907, These resulis are
consistent with the hypothesis that dispersal along riparion habitat corridors is impaortant
in maimasining ssolated rainforest populations of seme species, by allowing paich
popukations o be supplemented or recolonized should extinction occur,

Thas hypothesis was further wipparied by anulyess of 4 larger range of 16 non-flying
marmmals, neluding the arboreal marsupialz, in G same stady aren on the Atherion
Tablelands (Laurarce 19%1a) In peneral, the ability of species to use the habitat matrix
surrounding rainforest fragments {such as regrowth forest, dpanan sirips, pastures) was
the best predictor of therr sensativity to frspmentation. Species sble to use the disturbed
habitats in the matna are likely to be those most able to disperse along linkages between
remnants and bobder isolated populations. These resulis indicate that both the structural
connectivity provided by niparian habital comidors, and the behavioura] tolerance of
animals to these habitats, are key influences on the conservation status of mammals i
rainforesl fragmenis

The ‘.-l:l|1|:|{r_'r Brushiail, an arbares] mammal
relatively tolerant of ferest frogmentstion, was
frequently pecorded in streamside strips of
vepedation that linked rainforesi fapments
{Fhoto: A, Bennett )




ovemprtr of Aarmely :'-l'l.'ui"u-,;.ll r.'lnl.r.'g.;'_-

Box 58 Distribution of the Dormouse in ancient woods in
Britain

The Dormowse, a smoll mesmmal [iep o ik |'||'|I‘|'r"-l.'l_'l;=_ll'||| with :{|'||:~L'53]|:."_;_"|j habitat
requirements, has disappenred from approximotely Balf of ifs rabge i Britain this
century {Hurrell and Melntosh 19840, A survey of the distribution of the Dormaeiss in
% wondlands an Herstfordshire (Bright er al. 19945 Found that 8 favoured ancient
wiaodlands and was scarce in reseal woddland, Ancient woodlands are those of @ natural
or somi-ratural growth form that Gceur on gitey I:|'|:1u|_5|'.| b hnve supporied woodlond
sinee- [600 AT, Ecolapical atinbutes of the Dormause, such as low population densify
gitsd & low andd lghly vanable reproductive rate, suggest that it iz likely 1o be valnerahlc
1o extinetion of local populations, a view consistent with its observed scarcity in smafl
isalated woods (Bright and Morris 1990; Bright ef of, [994),

Annlyss of sunvey data showed that the cccurrence of the Doemowss e anciem
wonsilamd was significantly relsted 1o the size of the wood, the wnent ol surounding
ancient woodland, and te density of boundaries (imamby hedgermws) radinting out from
ihe wood. Thus, the mode] predicts that Dormice are most likely to ooour in larper
ancient woodlands: that ore linked fo-simlar nearby woodlands by hedgerows The
inclusion of hedgerow boundaries as o significant predicior supgests that dispersal
between woods along bedgercw networks is important for the jocal persistence of
woodland papulations, and that enhancing: dispersal is 0 key fo the management snd
local consérvation of this rare species (Bright and Morris 1990, 1991; Bright ef af
1954},

Daotmice have litthe likelihood of dispersing through farmiand where there are no
hedgerows, Radiptelemetry khedies have shown that individusks ure sedentary in
woodlands and are entirely arboreal in their astivity, They move theough the woodlsrd
CANGpY |I:|-TF and repeatadly detpur o and CrSSING open Hn::u:ld o reach food or other
resauroes (Bright and Mamis 19591 ), Habitsl IMANAZETEn| fw undderway in woodlands
includis messeres =uch as |_‘||_"l|"\'_"'|_l:||'||r_-\g networks of hazel trees as arboreal links to
enhance conmectivity and assis dispersal (Amom, 19935, Tral re-mntradustions are also
Planned to improve the conservation status of this specics (Bright ef ol 1994)

C—

For arboreal mammals such as sgquirels, woodlands surrounded by expanses of fregless
Bermland are relatively insular habitass. Hedgerows, fencerows and other woodland stopsand
fatches that cross the intervening farmiand greatly assist the movements of squirrels through
ihe |i||1ljh'-'il]'l-'='-. Further insights. into how  squirrels: use hedgerows were gamned by
rediatelemietry studies of the home range and movemnents of individisal Red Squirmels an
fragmented woodlands in Belgmiom (Wauters ef al 199%4), Adult males wsed tree rows and
hedeerows as bath {:;mging habitat and pathways o move belweaen parts of their bome range,
“:'“ch oflen encompassed more than one small wood. Juveniles wsed these habitat corridors to
disperse from ome wood to another fo establish & new home mnge.

A
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Box 59 Chipmunks and fencerows in eastern Canada

The Eastern Chipmunk = 8 common woodlind snsmal i eastern North Amenca. In
Ointann, Canada, chipmunks occupy fanm woodiots but rerely ocour 1n crops or grassy
fiebds, Fenceronws of woody vegetation, same having barpe mature irees, provide s
network of koot that grea”:.- reduces the wgolation of woods wathin the farmland
mozaic {Wegner and Memiam 1979, Hendersonet el 19851 Populations in Fasm woods
vary in size and the cccastonal loss of Iocal populations m smiall woods over the harsh
winter period i likely. Experimental "extinctions’, induced by removal of animals from
Pueis wionds, were 'I-.l'lflllwn:ﬂ'h}' |1|'|i1l recoloniaation ||_'_.' individuals |1:ri:‘-'-"i]ll:' from adjzcent
t'u.'rh;:u'rnws und 'r:-:.:lr|'l'.-' wrniss l|'|r\-.|.|.:.:i the foncarow BiElErm | Hegderson ef & |':.i!'!:l-:|.

Further studhes mn redaticm 1o the ceitilananty hahitzi guadicy o fencerows showed
there was marked vamation in the way that fencerows were used (Bennedt efal. 1004)
Grassy fencerows that lack woeoded cover were seldom or mever used but, within the
network of wooded fencerows, there were frequent movements of ammals: botween
different fencerows, between fencerows and woods, and between woods. Some
individuals were transients, opparently wsieg the fencerow for direct movernents
through the landscape, The continuity of fencerows between woods (1.2. lack of gaps),
topether with femcerow  structure, were significant predictors of the number of
transients. Ciher individusls were resident withim fepcerows and kneown o breed thers,
The mumber of resident chipmunks was grealesi o owide Pencerows with matisre
winodland structure (Bennett or al. 19454

The wooded fenoerow system provides 4 high level of conmectivity for chipmunks
throuph the inhaspitable farmland envieonment, so that they operate as a single dynamic
popaiation mather than & number of izclated popalations esch prone (o lecal extinction

A high quallty fenedrew wsed both by resident and fransieml Eastern Chipmunks in
farmland near Gitawa, Canada, (Photo: A Benmett),
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Fig. 54 Im East Anglin, Britain, Grey Squirrels were more lkely te ooour in woads that were
larger, coptnined switable tree species, were close to m large wood, and were
surroinded by o high density of hedgerows. (Fhota: 4. Bennetil

Simulation models and empirical data on the

values of connectivity

Computer simulation models are usefil tooks to explore the potential fate of animal
F'ﬂl.'lll.iB[iunﬁ amidef rnge of circumstances, The 1.-:;|_1;-il|.[_l|r -|_'|t-F-|:|I1|,|I||E1I1|'|h i1| Thahitat pﬂ[th:'.‘- ”F

Varying size, in various spatial configurations and systema of patches, or with varying kevels
anil quality of connectivity can be modelled {Fahrig and Merriam 1985; Fahrig and Paloheimo

i
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Box 5-10  The White-footed Mouse in farm landscapes of
Ontario, Canada

The spatial dynamics of the White-footed Mouse have been extensively studied by
sumudation madels and field studies in farm landscapes of Ontario, Canada { Weener and
Merriam 197H, 1900 Middleton and Merriam [981; Memam and Lanowe 19940, Fahrig
ancl Mermam | 985 Memam et ol 1989), Overwinler mortality of this species 1 high in

this regron {B0-80% of individuals) and conseguently entire popalations in small wosds
are occastonally efimmnated dunng this severe peniod, or they may begin the spring
breeding seazon with emall numbers, A simulstion mode] was uged to examine whether
populstion survival i woodiand patches was related o the level of isolation or
connectivity, The model predicted that populations m #solated woods would have a
lower population growth mte over summer than those in connected woods and
consequently, weild have & higher probability of local extinction over winter

Field date supported this prediction, Populations in woods connectéd by fencerows
had significantly higher grewth rates shan thoseisolated in farmband, o pesull attobuted
o enhanced dispersal it the connected patch populations (Fakng and Mermam 1985)
Oher field stodies demonztrated how digperaal occurs lor this species, Following
experimental removil of the population inoa small wesd, numerous disperaing
individisals enterad oover the following sprng and summer {Middleton and Merrizm
1981 ), White-footad Mice use o range of habitals for movement through the landscape
Bt wonded fencerows are clearly favoured (Memiam and Lanoue 1990,

In this environment, where severe winters impose high momality, isolaed
populnficns with lower growth mtes and & smaller over-wintenng popilation are more
hkely to experience bocal extinction, Be-establishment iz also likely to be slower in
tsolated popalations than conmecied ones. When this pattérn i extmpolated o the
landscape of regional sanle, a population inhabiting a system of connected patches has a
higher chance of regional persistence than subpopulations in a set of isolated patches.,

| .'l‘J [] L] H
| [ ] u| ,El, Ila' A
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Configurations of feur-paich metapapulatiens of White-footed Mice with differing levels of
inter-paich conneetionz. Configurntions are arranped in order of increasing likelibiood of
survival {left te fipght} ad predicted by the madel of Fahrlp and Merriam (1985). Redraws
from Merriam {1991} with permission, Surrey Bestty & Snns, Publiskers.
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Box 5-11 Cougars and habitat corridors in an
urban-wildlands interface, California, USA

Cougars nee @ species of particular concern in’ Morh America becawss they have
disappeared from much of their former mnge and, Iike other large predutors, their area
requiremends mean they will have difficulty persisting even in some of the largest
peserved (Beicr 1991). This taxon had been o focal species in effors o retan andd
promiote linkages between larpe natursl arsas in the USA (Moss and Hams 19%86: Hums
and Giallagher 1982, Beice 1993},

A simulation madel of the population dynamics of Cougars in the Sania Ana
fountain Range in California, wgether with ficld data on populabon density, bome
ranges ond dispersal movements, has presentod 3 strong cage for maintaining habitas
links if the species is t0 have a long-term future in this expanding wrhan area (Beier
19593, 1995}, Computer sirmulations of h].'puthﬂ:ul populations of Coagars pradicted
that withouwt i gration an area of Bome 2200 km® was required to ensure & low risk of
patinction over 100 years, depending on the demagraphic parameters used. Immigraticon
of &8 few as | -4 disparsing animals per decade wontld murkedly mesease the probaburty
of r.h:r:ﬂ-:l:LllLL ol t.|1u|-_'.|.1'r:. evii 10 smaller areas of G- 1 a0 LI!I1

Field studies supported this mosdel (Beier 1993} They revealed that the Saita Ana
Mountain Range of 2070 kmit has @ population of about 20 adults which s
demogmphically unstable (Beier 1993 ), Cougars rocantly became extinat in the adjacent
San foagquin Hills {75 km'} when it was isolated by urban development and extinction is
likedy 1n the Chimo Hills, anarea of 150 km, il development plans block a citical habitat
comdor through which Cougars move o and fram the Santa Ana Range (Beier 1995
1995), Continued development in the region could redice the overall habitat to the
1,114 km’ of protected lands, thus adding further pressure 1o the regional population.
The only potential scurce of immigrants into the Santa Ana population 15 via a linkage
from the Palomar Range to the sowth, but it is slready gravely thieatened by disturbance
amil developamem

Radie-telemetry of the movements of aduliz and dispersimg subadults has clearly
shown tha {_'-'H_|ga.n1' use habitat cormdors Lo mmee between farpe trects of habatat { Berer
1995). Movements by males through a 1.5 km degraded comidor has sustained the
atherwige-isolated Chino Hill population by allowing continusd breedimg with s
resident females. Young dispersing animals also find and use habitat corriders. All mae
subadults that were monitered moved extensively during dispersal: five of the mne
fourd ind suecessiully used habitat corridors and seven explored fo the tips of habital
penstizulas up to 7 km m length {Beder 1995}

Cdiven the 1a TEE irea of abont K] kmz T edto EIJFIFII,'I'.'I evenasmoll |'II1|'IIJ|.H['.|'.IF. of
this species, and the increasing isolation snd subdivision of such tracts, the future
persistence of this large predator and other such area-dependent species will depend on
their ability to maintain effective connectivity botween a number of blocks of habitat,
each of which alone is msufficient, There is ample evidence that Cougars cun find
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Box 5-11 {cont.)

habitat comiders and will use them to move between blocks of hobitat, Field studios
have shown that natwral travel rootés such as stream chinnels, ndeelines and unscaled
roads can be identified so that they can be protected for this purpose (Beier 19957,
Cougars in this region tolerate moderate levels of disturbance within such linkugres and
therw is evidence that effective crossings, even of busy freeways, can be managed to |
maintain connectivity for this species, for example by bridged underpasses st rivers
combined with readside fencing.

1988, Burkey 195%; Henem and Mamam 1 990; Sould and Gilpin 1991 ; Verboom et ol 1991;
Berer 1995 Andersen and Mabato 1995, Lindenmayer and Lacy 1995; Lindenmayer and
Possimgham 1¥96]. The strength of this approach & s capacity to rapidly simarlate a range of
hypothetical conditions, totest “what i scenanos, and to identify the potential sensitivity of
speoics i differcit parametars,

It iz algo important 1e be gware of the limitations of this approiach, Simalation models o
critecally :'JEF'I:'I'IIJEH'- oty the it viloes used for model parameters such as ape-speeific bifh
and death rofes, |:1n|_:|:1.-||:;-'. genetic effects of inbreeding, levels of imterpopalation d:!.'p:_'p-'ﬂl
and 5o on {Lagy 1995 ; Lindenmayer et al 1995, O parficulor relevance in this context s the
sirnulation of L1i5p:'rs:1l batween (50 |'I-:l|'||.l|‘|u|.a!'.||n'. 1ty aksess the value of habitat comridors, of
habrtat mosaic patterns, in sustaining species in pafchy environmente. In. general, litile
guantitative data g available o ammal dispersal, such as the frequency - and lengih of
dispersal movements and survival of dispersing individoals. Consequently, when using
simulation madels 1o evaluate spatial configurations of habitats, values for some of the key
parameters in the model must be estimated {or guessed). For example, computer simulations
of the potential surival of two fagh-profile torest-dependent hrll.'l.'i\'_"\, Leadbeater’s Possaim in
Australia {Lindenmayer and Possingham 1996) and the Spotted Owl in Morth America
{Lamberson et @l 1994 Andersen and Mahato l‘*;":'.{_l. i relatson Lo the F|'I|'I'|!il| arrangement o
auitable hahstat |:II.I1E!|‘|L'5_ showed for both specres 1hat mode] cutcomes were pur|||_'.|||ur|:.-'
seng@bive o the values used for parameters représenting dispersal .of animals through the
Inndscape, Inboth cases, the need for quantitative ficld data on dispersal has been identified a3
8 high prionty,

Simulation studics have grestest value when computer models can be coupled with field
studies, both to calibrate model pammisters and 10 (26l or confirm model predictions. Two
examyiles are presented here in which simulation meadels and field studies have been usad
together to evalaute the imporance of connectivity for species comservation, These
mvestigations illustrate the co-ordinated uge of simulation models and field investigations &
two spatial levels: for & small woodland rodent wathin a farm lapdscape (Box 510, and fora
large carnivore within a broad gaopraphic region (Box 5-11).
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Summary

{Rerd are manT) docigrenied exampres of arimals EXImy Varees Iees of linkages aF pafiwas
i movement. Moverment on @ daily or regular basis, svasonal and miigratory movesents,
dispernal MOVERERTS, @id Pt ERTe e alil may be foerlinated bybabiter finks, Fouwr kingds
af rhdivs have revealed e ronge of hemefits thar may acore from an ncresved capacity for
arimals o move through modified environments, Studies of the ure of tenels and
underpasses by animaly show that sich divect links across local barriers reduce the leved of

mevtality amongnt moving animals, aifow continied aeoess 10 habiral resources aned muy

restive divrupted socinl structures, Experimental studies that imeestipate the consegiences of
difering levels of connectivity are difficuls o undertake. Limited results provide evidence that
linkaver enhance the movement of aninnals fo ecofogical isolares, thar improving the siang of

|'.'l'.|_I|u'I.|'.'I'.'|'.'.|I|. ],

sed habitats. Predictive models bared on the patiorn of ocourrence af
animal speclesin patehy enviranments indicate that hobitars with bigh conmecinity are sone
likely to ke oceupied than thase that gre isolated. Thus, species abile fo itse finkages have o
grealpr capoacity bo persisd dn fraemented habiters, The we of eontputer simdafion models
coupled with field data for selected specles provides evidence thet landicaps connecindty is
i g ..l.;"l':'.'ﬁ.ll._llﬂi'ril?' in getermiiniag e Piok af q.-.'l..'.'r-'-l.'.'f:.lnll"rlr il i oefrerwilse=iselaied
I'l-:_.'.ll.r.'.;1.'|.'|.':_-._ Cheerall thess stdres r.'i'l'l"-'l'u'r'.'lrl:l' lifer that I'n'll.r-'l fevels of halilal correciivify
are grsaciaied witk g greaier ocourrence ond persiiténce of populations in isolated habatals
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6 LINKAGES AS ECOLOGICAL
ELEMENTS IN THE LANDSCAPE

From a conservation perspactive, most interest in linkages has been i their role as pathways
for the movement of animals (and plants) through inhospitable emaronments, Little
comsaderation has been given to their wider ecological role in the landscape and 5 caher
conservation benefits they may provide while enhancing connectivity. Forman (1991)
autlined six broad catepories of public policy issucs that are addressed by linkage nefworks in
the landscape: baalogical diversity, woler resoufccs, apneaiure and wood producteon,
recreation, commumty and cultural cohesaon, and climate change {TatEe =1}, The range of
firetions encampassed by these categories suggests that a focus only on animal movements
limits our appreciation of the potential benefits that linkage etworks may provide. Whether
in the form of hahitat comdors, stepping stone patches or habdtat moeaics, all hnkages are part
of the landscape and contribute to its structure and function, To illustrate the widsr rele of
these links in the landscape, this chapies FEVIEWS I::I_“_I'I'__rl-\::ill values of five common types af
linkages — landscape links, riparian vegetation, hedges and fenceraws, roadside vegetation
mwd farest linkages,

Pamseular attention in the following sections is given to the volue of linkages as habitat for
pianls and amimals, By providing addwional habitat for species living i mdifiexd
envirenments, Tinkages make o direct contribution 10 the conservation of biodiversity. They
may substantially increase the total amount of suitable kabitat and, insome cases. provide the
majority of remaining habitat for wildlife (Feinsinger 1994 (Fig. 61} Habitas links may also
bt imporant refupes for rare and threatened species, cspecially in landscapes wihere natural
vepetation has been all but removed, or whera linkages aps the last remnants of vegetation
types that have been selectively cleared (Table 6-2) (McDowell ef al. 1%531)

Infiormation on the pattern of ocourrence of animal species in hinkage bobitats also provides
infarential evidence of their value in maintaining connectivity through the landscape. 1f it can
be demonsteated tyat & species that is reliant on natural habitats occurs within linkages in o
Breater frequency than in the surrounding alterad landscape (whens it may not Occer at CHIR
then it is reasenable to infer that thesa links incresse i capacity for mevement and population
conbmmity through the landscape, There are many apcly examples of specics that ooour m
linkages, but seldom in the surrounding Jasds (Box 61, and following sections). in most
instances, however, data on actual movements of individuals or of gene flow between
Populations connected in thiz wav, is not available.

Landscape linkages

I.-:lllj'il_'a_:'"_' |i1'|i;3"g,;:u\I include @ wighe: Tilige of habiats {hal [li'l."u'll.‘l'.f' |'|13-'i|-"r linkz :hn”E"\-II the
Evirenimend of the landscape ol I":-'[El"n":ll.-'ll scale. They are waally suhstantial areas of habital
whaie dimensions are measured in kilometres, and they connect scross distances of
kilametres 10 tons of kilometres or more, Examples include broad tracts of natural habitat

a7




Linkzger in the Landscape

lable 61

Examples of issaes im six areas of public policy (after Forman 1991} that ass
slgnificantly influénced by various types of linkages and linkage networks

L - Landscape Riparian Hedgerews & Ropdside Fuoresi
Public policy area limks vepedstion  Fencervws vegetwiion  finkapes
1 Binlopical diversits
= Hahitat for plan) and animal t

populations
= Refape for populations in harsh . ! |
emyiroanments
= Congerviation of TArG spocics 1 } t {
s Wlawement For wile-mnping ! ! ! I
Apadiing
= Daspereal between isolated -+ . - |
popualations
= Mardenance of axolopical t
[rOCEEERS
Z Water resources
» Sirlace dramnage pPatbame t t t +
= Cirourdd waker aocession ! - -
= Flood magation and contral t
« Sedimentation and holding - ;
capacity of dams and peservaars
* waler qualiny and emgcranire # '
* Muprient levels and i
cutrophicanon
3 Apricalture and
timber praduction
= Hoil ercevon by wind and watar t t t 1
« Windbreaks for crops, pasture t
and livesioek
& Larodimd weatar lovels and =+ s ¥
curmditiom
= Tmber production t t
= Firgwood t t t 4 J
= Fruits, bermes amd other nataral i i +

produace



Linkages gx Ecplogical Elements in the Landsoape

Landscape  Hiparian  Hedperows &  Roadskle  Forest
Public palicy area linkcs yegetitlon  fengerews  vegetalion  linkages

i Hecrention anid pesthetics
¢ Willdlsfe pdseration + + i -
« Huniing and fisling {
« Hikimg, camping and +
recreabional use

« Landscipe acstbieivss | 4 : i .

£ Commueity and ciabtr sl
culk2sien

+ Cufural 1demtrty. of nural ar + t t
suburban lendscines

= Lipks with historical land uss £

* Promermy hogmdaries + t

o PRVECY t

b Climnte change

= Pattvany for re-distriwtian of + I ¥
populatinns

* Hahital for species: with limifed - -

coperzal ahility

Fig, -1  Aerial view of a rural landscape near Euwrea, Victorin, Australia. Here, llln:mul all
remnant pucalypt wondlund nel cleared for farmbiand occars ns limear ’“_”I“‘ along
readxides (siraight Hnes) und creek systems. This linked network provides impertant
habldat for si beast three threatened vertebrate species. (Pheto? A Benneti].
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luble 6-1 Occurrence of rare species in linear labitats, as illustrated by the
distribution of known populations of rare and endangered species of plant
in different land categories in the Wheatbolt repion of Western Australls,

:r!.un:! and rail reserves in this region ane lmear habitats thal usually support remnant native vegekaig
Uata Iram Hobbs of af, 1993

Land categnry Murmibear o knoawmn pepalatioe
[Nafune feserve 19
Foad rezerve | Shire) 1 30
Road reserve (Main Roads Degpartment ) 3
Railvway resenae 8
Private land 53
Vacant Crown Band L
W atnn roferve 2
Recteslon regerve ]
CHher reserves 7
Pastaral lenge I
Unknown 12
Tolal papulaisons 143
FErcEnape on linear recerves 4184

between conservation reserves, major niver systems and assopinted npanan vegetaticn, tmol
of forest or forest mosaice designed to minimize logging impacts in managed forests, and
habitats that provide fixed and refuge for species along their migratory pathwave. A numberof
examples of landscape links between reserves, in forest management, and for the conservation
of lorge marnmals, are presented in Chapter 9.

Landscape hinks often encompass large areas of land, so that in addition to their role in
enhancing connectivity &t broad scales they have preat value in their own nghit as habitat for
plants and animals. In many situations they support entire communities of plants and anmmals,
including those charactesistic of *interior” habitats {Box 6-2, see also Chapter 9. Indecd, they
lunction most effectively as Imkages when they allow the continuity of plant and animal
communities along their full length. These links may themselves be conservation reserves, of
mcorporated within reserves. In Malawi, for example, an extension was made 1o the Liwonde
Mational Park an the form of a broad I I'b\'.]'ii:-ilpn.‘ link, approximately Akm wide and [0km in
length, 1o connect the park with the Mangochi Forest Reserve (Bhima 1993), The link i
designed to allow free movement of African Elephant between the two reserves. It also
provides additicnal habstat {7000ha) for many other waldlife species, including larg:
mammals such-as Sable Antelope, Bushbuck Kudu, Wit Hog, Lion and Leopard (1. Bhimi,
pers. comm. 1995), and consolidates a single protecied area of almost 100,000 ha

TIxd
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Linkages ai Heologival Elpments in the Londrcope

Box 61 Rainforest insects inhabiting streamside strips in
north Queensland, Australia

In the Atherton region of north Queensland, Austraha, sinps of nunforest vegetation
alang stréams serve a5 habitat comidors between frapments of minforest isolsted by
arable land. To investigate the poteéntial copservation value of these streamside links in
enhapeing connéclivity for invertchrates, comparison was made betsveen the spocies
ceourmng 0 different habstats in the hindscape, Surveys for ants, dung beetbes and
butieriires were carmied oul gl companilive Siles in exiensave ruinforeit vegetation, m
riinforest edges, in remnant rainforest stnps along streams, and moarable band (Hall
L9S),

Analysis of the data collected was limited tothe four species in cach taxonomic group
that were moast abusdant of the rapaforcst iterior sites. Al four of the most abundant
gpockes of ants in the rinforest interior, three of the butterfliss and one of the dung
bectle specics were present in the streamside rainforest strips. Further, two of the specics
recorded from the npamim hadatat cormdors, 8 butterly and a dung beetle, were cleary
dermanstrated to be mmiorest “intenor specres thak were significantly more abundant in
the intemor than the-edpe of extensive rimforest abitat (Hill 1995 With the excepiion
of two bulterfly species, recorded in low abundance, thess exomples of abunsdant
rainforest inverichratcs were not detected in the surmounding armble land, mostdy
cultivated for sugar cane

These results provide evidence that streamside habital comdors of ramforest
wegetation i this aren have the poresdlal o Tacilitate disperse] and muintin commectavity
through g largely inhospitable epvironment for & wide range of rainforest messcls,

i!'li-'|l1l-‘|ll1§_.' A el |.||:|1|.':|||:||:r:I on rnforesd-inlen ar habilat,

M Asiz Do Bf Ari b Bl Al D
Fadrifonast Sirearnsics strip Arabila tand

kezirremee In roninforest, sireamside corridors and wrable land of four specids of
butterflies, ants and dung beetles that were the most abundant in esch taxonomic groap st
#ites in the raloforest interior in norih Oueensland, Aunsirofia. The shaded partion
Tepresents spoches ihat show a significant preference for rainfarest *intecior” habltat, Thats
are fromm BRGIE (1995,

1o
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Box 6—2 La Selva-Braulio Carrillo corridor, Costa Rica

Acquisthion of lend by & consortium of conservation agencies {including the Mature
Lonservancy, L'SA, National Parke Service of Costa Rica, Mational Parks Foundatson of
Costa Fica, Organisation of Tropical Stedies, and World Wildhife Fund) provided inatial
protection for a brodd Tandscape link between fwo important reserves in Costa Rica, The
Lz Selva Protection Zone (as it was firss known) is 8 broad band of trepical forest, 3-6
K en wacleh, that extends forabout [ 8km along an alttuding] gredient feom the La Selva
Brokogical Station at-low elevation (30m) to the mid-upper elevation Brmlie Camllo
Mational Park (2900m at lughest poand) (Pongle o of. 1984}, Subsequently this
landzcape link was incorparated within the national park,

La Selva Biological Station, o 1336ha area of moist forest in the Afdantic fowlands, is
g apecies-rich reserve used for soienbific research and scientific tourism, Protection of
the lundscape bk means that La Salva will maintain continuity of habitat with the
Brauho Camillo Mational Park, a large protacied area of 44 (00ha. About 73% of the
link is primary forest with the remainder as secondary Forest or young secomd growih,
pasture and crops (Pringle ef ol [984), Almost the enfire catchments of two rivers, the
Peje and Guacimo, are within the comdor pnd pchacent forest reserve. The river gorges
are relatively unalTected by deforestafion, thus maintaining & contineous connection of
primary forést despite some clearing for pasture and crops.

The protection of imtact forest along an elevational gradient from 36m 1o 2900m,
mantains the opportunity for alritudinal migration of many animal species, At least 75
species of birds within the La Selva-Braulio Camillo region are known 1o be migrants
that move alfitudinally boiween breeding and non-breading habitats { Loiselle and Blake
F992). Species such as the Emerald Toucanet, Bare-throated Umbrella Bind, Grssni
Hermit, Three-wattled Bellbdind and Silver-throated Tansger use the habitat link dunng
their seasonal migration between mid-clevation forests and lowland fosests (Pringle «f
al. 1984). Becagse these mugrants spend several months in the lowlands, clearing of
forests would thireaten their survival

I'ne findzcope link protects maore than T haof tropecal Torest habitat that supports
# hagh deversity of flors and fagha, There are Four destinetive “life zones™ and il i
estmated o0 contain 630 species of trees and 450 specics of birds. A hiolopical
expedition in 1983 recorded numerous rare species of plants {including new species),
birds, reptiles, mammals ond batterflies (Pringle af ai. 1984). The creation of an
enfarged protected area also supports larger population: of animals and enhances their
lomgg-term viability. Ifthe La Selva Biological Station was isolated by pasture (extensive
clearing of tropical forest still continues) more than %0 species of birds dependent on the
primary forest-interior could eventually be fost (Stiles in Pringle er al. 1984), The
enlarged nres i also important for predatoss. Jaguars are emong more than 100 species
of predatory mammals, birds and snokes known from the Lz Selva Bislogical Reserve
that fead largely, or entirely, on vertobrates (Pringle o of, 1984}
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Box 6-2 {cont.)
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Muagor mver swstems and therr associsted vejpetation have great value as habitat linkages
across landscapes and regions. In Westerm Australia, a3 part of a review of natwre reserves in
the south coast region. four river systems were identified as having panicularly high
conservation valoes and were recommended tor protection as “comidor reserves’ | Walson
1991}, These npanan kabitat corndors range from about 25km to more than T0kem in Jengih,
and the associated natural vepettion vanes up o several kilometres in width. ATl four [ink
important conservation reserves. Vepstation along the Fitzgerald Biver, for example, links the
coastul Fitegerald Biver Mationa] Park, o magor reserve (320, 0000 ) of outstandimg botanical
richness and endemiam, with the inland Lake bMagents Mature Reserve (1076000 ) (Watsos
1990 % In the seim-aid woh-west of Victons, the M ITEY River and its associated MpaArs
vepetntion anid ﬂc'-t_'-;,'.p|._1|n firrests [umelion as a T Lt ?:-i-.:-g.'l.lgrmll':i-.‘ link. .".-1u||_'.' EPCECE ol
animals, such as the Feather-tadled Glider, Yelbow Rosella, Blee-faced Honeyeater, Tree
Groanna and Peron's Tree Frog, are almost entirely restrocied b tie mesic rivedine hahitat
{Land Conservation Council 1987, It has clearly been the the pathway along which they huve
extended and maintained their ranges'in the semi-and enviromment

Many traces of habitat that currently fill the role of landscepe links, enhancing the
gonnestivity of the tatural evironment and ecological processes across broad arcas, ane nol
necessarly recopnized as such. There s now growing attention to identifying such areas ani
recognizing thedr imporance as part of a strategic approach tw conservation at the regional
scale. There are different approaches to their management, Some such links are managed
primarily for conssrvation (Box 6-27; while others are managed on the basis that local people
are able to continue harvesting natural resources at an intensity that will mob compeomise the
function of the link {see Boxes 74 and -5 for exgmples}.

Riparian vegetation

Fiparnan vegetation along streams forms an hierarchical system of matural hinear halbcais
throwgh the Bindscape, from intermitient drainage liges to minor streams 16 major fvers, The
mesic streamsihe environment suppors a rone of vegetaton that usually i structurally and
flonstically destinct from sdacent habitats with which it intecgrades, Riparan vegeinfion s
generally readily recognized and mapped (from aenal photogrphs, for example), even within
continuoas natural habitary, and is especially distinct from its surroundings in serni-and of
arid enwironments and in cleared daveloped landscapes

Habitat for wildlife

Riparian vegetation is well knewn as a rich habitat for fauna (Fig, 6-2) {Stauffer and Best
1980 Emmerich and Vohs [98F: Harris P984, 1988c; Redford and de Fonseca 1986
Deecamps ¢f al. 1987; Coles ¢f al, 1989; Doyle 1990, Strong and Bock 1990; Dunham 1594
Bentley and Catterall 1997, bot see Murmy and Stanffer 1995), Several faciors are associaed
with this mchness.

* Riparian vegetation = at the interface between aquatic and terrestrial enveronirenis
where the local diversity of kabitats is frequently high. Stream edge habitats, flood plue
habitats, old stream channals, and successional patterns of vopetation associated L'-Il'-‘-_

ﬁ;l::ll::llrnl-: witler bevels and dsodated Tli'\li'\lla_ all add to the kabitat -.1.il.'t'|:i'.r!.-' and armay ol
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opprartunaties for founs, There may also be o distinct ecotons between the fpass
vapetation and adgacent uplond vegetation, further increasing Pocal lahitat diversiny

« Thie mhscency of aquatie and temestnal environments 15 impodant For species thal
require both environments for their life-cycle; for example, amphibians such as frogs
and ealamanders, and sguatic nsects such as dragontlies, damsslflhies snd mayiives. The
mierface between aquatic and temestrial zones is also favoured by wetland birds, suchas
herons, eprels, and kinghishers, that forage in sguatic environmens bul sheler @
temesinal yegetahion

+ Riparian ecosystems frequently support species adapied 1o streamside habitats, whech
icent habitats. These may be species that fevour the band of
fesnstacally o structurally-distinet vegetaticn, such as forest birds associated with mesic
anvironments (WMicray and StaufTer 1995 Aliernatively, there wre species that wee

parcly oCcur in

spectitlized habitats slong streams, such as the Lurge-footed Myotis, an insectivorous bl
that tormges obove the surface of the waker and 15 rarely Toand oy from sineams
{Lumsden and Menkhoest [995)

# Fertile alfovial soifs and a greater amount and’ seasonal availabaity of moishure m
NPanan Zonos contributle i a |'||5.'|'-..'| and more sustaimed [II'.II\.I."J.!.'lI'- i'..-.' thin in ud_iﬂl:l!.'l'
habitate. This productivity may be expresead in & number of ways. A grester strachurl
:“'.'I\.'I.‘\.Ll:- g wioluime of egelatsin than in _|:'||.|q.'r'|'. halsnzng rEay ||r-.:-'.-i|.||: &y increassd
range ol fomaging mches and microhabiats for ammals (a grealer number of vegedation
lavers, . 1or exarmphe ), and hence greafer species diversity. In weasonully-drier
environments. the :|l.-.t||.ah||||:.- of wader miy extend the BRI e umd hence the
abundonce, relisbility and duration of food supplies for populations. Iy hes been
proposed that prester productivity ond stability in mponan zones may aliow these
hahitsts to function as ‘sodrce’ populatsons from which individuals disperse 100
sierrounding areas {Choyde |95,

.".|1||-.|J;."| lireas arsd Tirmited 1 overall extent, -"|'|'-ar'iu.|1 habitats can have a major effect an
repional biolopieal diversioy (Box -1 In drey reabons, the miodst productive environmenl
:||-.'-'.|_!l, stream systems has o cotcal mole inthe rl.'l;'nr-|::|| -ul'-::-l;:t_-lv I# IpiETTHM anl assocised
floadplain habitats suppori s range of species not able to survive in adjacent dry habitats, and
alza serve as a secasonal environment o refuge dunng extreme condifions for the fauna ol
edjacent habitats, Alluvisl woodlands along the Zambez River in Zimbabwe, for example,
suppor higher densitics of large herbivores (such as Waterbuck, Kwdu, Eland, Zebea, Impals
gnd Bulfale) during the dry season than the wet season {Dunham 1994}, with partscularky higzh
deresities of wofme spocies {Impals and Lebra) -.|'Jr|1|..' -:!:rllut:hl. In Arzona, USA .'ii‘-:dl'iaﬂ
wissdllands comprise less than (1.5%% of the land aren, bl suppar a ch varmety anil abundamce
of birds {Strong and Bock 1990; Szare 1991} Habitats dominated by Cottonwood trees were
reported fo have the greatest richmess of birds. Indecd, it has been reported thal
Cottonwood-dominated riparian vegeration in the south-west (including Anzons) has the
highest densdey of breeding bivds in Horth America, and that destruction of these threatened
|::'.|'I|I.-.I'. |.::'\-|'.|.| r\-.':.l.'|1 I '.!1-.: :hlh';-i af 47 -:'\-I- r-ru;:ﬂinlr_ '.11..'\-_| Speoes i|| Ihl,: r|;_|5i-::-:| |_I|||-|.-|:-;|_||_-| ef ai
1977 in Strong and Back: [994),

Throughout the world, fApanan vegetztion often porsists a5 remnant linear habitats of
whitet cormdors in heavily digturtsed environments such as farmlend, urban arcas and amang
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Box 6-3 Gallery forests and the diversity of non-flying
mammals in the Brazilian cerrado

‘Cerrade’ 15 the nome given to the second-Tarpest vegetation formation in Brazil, an arc
arger than 1.4 million km® (approsimately 25% of the country) composed mainly of dry
forests, serubland, open savannahs and grasslimd, Alhough mesn anmel rainfll &
relutively high (greates than 1000mm per annurm), there s o prosunced dey season and
the vegedation 15 primanky adapted o dry conditions; Threading through the cermadaeams
nammow simps of everpreen gallery Toresis along watercoumses. Only a few huntlned
meires wide, and cccupying less thana tenth of the area, they farmea distinctive linear
sysicin of moister woodland and forest habatps througch the landscape (Redford 1985;
Redford and D Fonseca 198G,

The gallery forests ape the key to the diversity and compesition of the mammalian
fawm of the cermado. Only 14% of the 63 gencra { 100 speciesh of pon-flying mammals
known from the cermido are not associated with the galleny forests — the remaining B6%
are ¢ither ohligrate residents or opporunistically use the mesic linear habital (Redfond
prel Bz Fonseca 1986), Overall, the maponty of the fauna from the cermado vegetation
formation also cocur in the more mesic Atlantic or Amazon forest regons, The gallery
lorests increase the diversity of the mammal fane m the cemmado m two ways by
serving as e system of messe habitt corridors that allow forest-dwelling mammals{sech
s Woally Opesaiim, Kinkajow, and Howler Monkeys) e extend their range inbo the
cerrada region: and by providing Food, water and refupe fos species not limited to forests
(such sy Maned Wolves Nine-banded Armadilios and Brocket Deer) (Rediond and de
Fomsecs FOR6Y, Protection of these nabural linkages 1= a key to maintaimng the diversity
of the flara and fauna in this vast regrom, I prnciple the gallery forests are protected by

legislation becuuse of their imporant role in conserving headwaters, coatrolling enosion
and Tunchioming as buffer arcas, (Felfili 1997), However, they anz offfen clearéd for
siabgiatence cultivetion, borticalture, and for catile. Protection from fires, ofien
deliberaizly set by people, i particulady imporiant (Redford 1955} Fire is & notaral
feature of dry cerrade vegetation, but too-frequent and intense fires gradually encroach
inte, and destroy, the ineist gallery forests,

|'l.|i1||.'.d|1l'r|':'=_ af ex wtig tree b o [ .:1-:|-|'||-|13r|.\_'|'. aiicl Yohs | 9482 Rrooker 1983, Fhanes |'\:I"1{.=1
Balds 1983: Fowler and Howe 1987: Recher o al. 1987; Coles ef of 1989 Rushton ef al
19%4), Strearmmde strips make 2 large and valuable contribution fo muintaining indigenaas
species in such madified landscapes, although habitst generalists are usually more hkely to
porsest than habitat specialists of rare species, The cccurrence of songhirds in ripanan
wandiands, or ‘arroyo’ vepetation, in Mexice provides a perinent example (Warkentin ef o
1995). In the Chinpas region of castern Mesico, strips of trees and shrubs, or of regrowth
Vegetation, mostly 5-25m in width, are refained along many SUCEMS AMODES fasmland
'\-'IEEIEI:: hor cattle pasture. Censwses of nrds i the HTOYD '-':E-_'lﬂlil:'\lll revealed a I'Il].'II {!li'h'l\:"l'hﬂ}'
ind shundsnce, especially of Nearctic miprants (about 25% of species and 40% of
individuals), However, in comparisen with extensive nearby forest, resident species n the
BT Vi TR Wepe |-|-|i|1|-||:_.I _E|."|1ﬂ|'.|_|iﬁ[5; anied forost {'I:|E|.' LT LU i-\."'!-., with ||r||:| g grmall mumdser of
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forest speciahists (Warkentn e o 1995). Amoyo vegetabon does nol support 8 pristing
nvifauna, but has a valughle role in maintaining a wide range of species through the farmland
masan, Inoits #bsence, the fauna would be greatly depletad

Hydrologic regulation and water gquality

Streamside vegetation has other imporiant eoologieal roles m the landscape. It is the infesface
berween aquatic and lerrestrin] ecosystems and contributes to the function and dynamies of
both, [mportantly, it forms & buffer zone for the stream and medistes the exchange of water,
nutrignts, sediments and enerpy between the two ecosystems, All mteractions betwesn he
terrestrial and aquatic. environmends involve the streamside veretation in some way. A
mumer of the furctions of sireamaide vepetation in hydmlogic regulation and in maksainmg
water quality end stream integnity are cutlmed below [ Forman and Godros 1986; Banford anid
Buchenau 1993 Ward and Stanfond 19495)

Hydrologic regulation

Rainfall pattern and climate are major determinants of the guantity and tming of stream
flows, but streamgide vegetation modifies these processes in several ways

Yegetation slows runoff into. streams and increases the mte 5t which water infilirses

soil. Litter and s01l associated with ripanian vegetation act a5 a sponge to hold water,

which s fater slowly released, adding stability to the water supply to the stream

= Floodplan forests and nparian wellands adjacent to sireams moderate flood levels by
providing flaodwater sterage. The lateral spread of flosdwaters slows the movement of
waler and exposes 4 preater ares of soil for infilbration and subseguent release
Vegetation (shrubs, trees, trunks) also physically sbows the movement of flood waters

- "-'-'E'-'Hli--ll in the MM 20me ITANSPInss water 1 thi atmosphere, In fe mperate Zones
this may have hittle influcnce on water ffow in streams bt in and enviconments
transpirstion may substantially influcnce the guantity and duration of stream flow

The scale of these hydrologic imgacts iz directly refated to the amoont of yepetation, and

therefore the width of the riparian strip, Wide vepetated strips have a greater regulatory
mdluence [ Tahle &3 (Binford and Bouchenou 19933,

Hable 63 Attribures of riparian vepetation thatl enhance the protection of
water qualin

Conmtinuos #irg of vegelation with fow gaps
Increased width of sireamgide vepetation
Gentle stope of strenmside bank

Dense ground layer vegelabion amd liter cover

Extensive root systems to bind the soil of stream banks
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Filter for sediments and nuirients

Influx of pxcess sediments and muuments from sumoaading land is one of the main threats o
ihe Fribeprity of agquuiic sysiems, Sedments, sweh as clay, sand and sl can blanket rocky and
gravelly siréam bods, thus destroying brecding arcas for hish amd aguatic habitats . for
imverichrites. Sedimenis increase turbidiey in water and chanpe the fiow charactenstics of
etreams by depositing =andbanks, The loss of siorage capacity in reservoirs and large dams as
& reault of sedimentation 15 of greal econamic impartance {MeMeely 15987}

Evzsss runaff of mutrients, especially mirogen and phosphones, from fertikizens and man
i anirtidl waste capses anificial ennchment (ewtrophication) of water bodees: s resuls m
ull:u:guﬂ:l :||.||.:li;.' [:!;nl: and animal coimmnunities and decreased waber qJJ.U':_'_-'. It Paacs hezalth
rrl'-"'ll-.'Tn:- 19 himans . and domesne animalzs, Bunsf from F-l."i-u'lll:"idl.‘-':. insechcides and
herbacicles from ;|||j:|;_:|_'||.1 lamd wses bt aven more severs |:-::-|'|ulaa'|li effects on Aqu.ati-:
eoosysiems. Streamside vegetation fraps and filtems sehments and nitheats before [hu_'.- reach
the stream. thus limiting their negative impacts. Filtration efficiency of mparian vegetation is
grealest for gentle slopes, wide streamside vepetastion, and 1 high density of vepetation and
stter cover at proand bevel (Rinford and Buchenaw 1993

Sabilize stream banlks and beds

Ercston from stream banks and scouring of the stream channel afe important sources of
erosion and sedimendation when the stream channel is unstable. Streamside vegetaton playsa
majer robe in stabilising stream channels. Root systemis bind and bold sol along strean: banks,
whils foliage, trunks and debris reduce the flow velocity and alter flow pattemns.

Regulate water temperature

Incesised water tempersiune reduces the level of dissolved oxgen, which in tuny reduces the
rabe of decomposition of cagamic material and the capacity o suppor acpuatic’ CIEANLEE
{Binford and Buchenaw 1991, Ripapan vegetation buffers watér against changes in
Enperature '."r_-.' ":h“":h“.'b'- the stream surtice, L‘-.'k,_"-'k:l.'“ll:'_n' in summmer months. The E-.||'.I:~|li|1gh effect
15 preadest Tor shallow streams with low water wolume where sodar rchation cawses the
grestest chappes mowater termperature.,

Aquatic habitats and productivity

Sreainside Yepetation and the r;s:ulﬂ'nr_ fallen trees and bronches, ool Systems amd
reethanging vegelation contribute to the diversity of structural habitots and flow regimes
[poals, riffles, waterfalls) in streams. In tum, these provide & wider ranpe of microhabitats that
AIppart & greater diversity of fizh and other aguatic erganisms. Streamside vegetation is also
n il'r'pc-lL.tn', SOArce of ETHETEY fog aqu.d[i-: coogystams Herharsmis vegetalion i% 1a|;'|a|.‘||._'|-'
rosumied aficr falling into streams, whersss trunks and logs are a long term source of
nutrvents for aquatic food webs,

Retainmg and protecting streamside vegetation 14 not 8 universal solution 10 problems of
sAream degradation. 1t has linle influcnce on point seurces of pollution, such as effluent pipes,
sewers and drains. However, it does have a significant role in maintaining a healthy aquatic
ecoaystem. Vegetation ahing lower order stresms is likely to have the greates! regulatory and
snvirnnmental benefits because these constitute the preatest propostion of stream length and
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greatesy lenpth of interface between aquatic and terrestinal environment (Bmiord- and
Huchenai Pl Fommim 1945

Hedgerows and fencerows

Hedperows and fencerows are partof a diverse group of linear vegetated habitots that occur in
roral environments throughout the world. They display great vanation i ongin, flonsts
composition and structure, but there are several commen featurss (Forman and Baudrey 1984;
Burel 1994)

* thay are hinear in shiape and wzoally form rectilinear networks of habatat;

* they frequently provide links hetween remaining natural and semi-natural habitats in
raral environments;

¢ they are closely associated with agricultural land and thedr compogition and gtrocture e
;.Il.:-r.gl_lr influsmoed l‘.}' sk amdl presend a.g:iq_'u!lur'u.. faid masagemeant;

* thesr presénce, dimensions and vegetation composition are net stable, but change
through tme in response o prevailing land uses and management of srrouanding lasd.

Hexlperows are linear strops of shrubs, small trees and sometemes larpe trees, that have boen
planted by bumans along the boundanies of fields (Fig. 5-3). They are widespread m Greil
Bntain, France and other Europzan countries, and there is a long cultusal history of hedgenows
providing boundanes to farmdand and a barmier to the movement of stock between felds
(Polland ef af 1%74; Forman and Baudey 1984; Dowdeswell 1987; Huorel 1996). Mony
hedgerowes are dominated by 2 single species or 2 small number of woody plant species

Fig. 6-3 A network of hedgerows and weodland in s rural landseape in Surrey, Great Britsin.
[Mhaotm: O, Sllveiral
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althpuyh grasses and herbaceous species of the groumd loyer and sssociated sroctores (such s
ditches and rised barks) add to the floristic diversity, In many reglons there ane exfensive
networks of hedipernws amongst farmland, forming links between woods and forests refained
within the rural envirommenl

Fenceraws are charactenstic of farmmiand in the eastern United Seates and southam ':"ullu-:.;..i:
whege they also form extensive networks amongst farmland and bebween woodland patches.
tenenully, fancerows have not boen deliberately planted but are nammow strips {usually less
tham | 0m) that hove developed by the regensration and dispersal of plants in o neglected stnp
of lond bedween fields, Fenceraw vapelalion ranpes from thar dorwinated b:.-'ga‘u:-:s-:-a and herba,
o namrow lines of shrubs, to broad siops with madaee W aodlond trees (see Box 3-0). Woody
plami specics in fencerows are primanly those with wind or anmmal dispersed seeds, bat wides
fencerows may support specics characienstic of the woodland indemor (Forman and Godoon

QR Fritzr and Morrians 1994},

Shedterbelis, windbreaks, tree rows and plantations are other terms for lincar stops-of
vegetation, generally trees, that have been deliberately planted by humans for a '-.'II:'iIH}' bl
purposes, inaludhng: shelter from wand, to reduce soil erosion, as a source of timber, as
wildlifz habatar, wnd for acsthetic gualitics { Formam aml Baudey 1984, Bird eral 19920, Thew
structure -and composition vary preatly. They may compnse & menccultere of a singls
naf-kndigenous troe specics, of 3 mixture of indigenous trees and shrohs that mimics natural
vegelation,

Habitat for wildlife

The M:'-1-1_|5l.-' of hedperows has been much stdied, qspuci;”_\- ift Gireat Britain and France
Fomman and Baudry 1984; Burel 1989, 1994; Burel and Baudry 19900, and they are well
kncwi a5 o habitat for wildlife in reral enviroamenits {Lewis 196%; Polland wnd Relton 19710
Eldridge 1971 Pollard ¢¢ ol 1974 Osharne 1984 Rands 1986; Lack I9ER). The persizstenca
ind abiindance of many anmmals tmditionally present in Buropean farm landscapes depends
upah the D'-':]:i|d|'|||i'.:-' of hedperows o pn:n'1|.||.' shelier, brecding seles, refuge and foraging
hahizit. Almost all Brntsh mommals moke use of hedgerows at varying times: some small
marmirials reby on hedgerow habitats for persistence in farmland (Bank Vole), others (sach as
Woed Mice and Ficld Violes) also occur in agricultural ficlds, and predators forage o move
tlorg hedgorpws (Harris and Woollard 1900,

Much attention has been given to the use of hedgerows as @ habitat for birds, particularly in
Lireet Britain { Arnodd 1983: Osbome 1984; Lack 1988; Green er ol 1994; Parish of al. 1994,
1993, nred this has provided insights into thesr value for wildlife,

* The presence of hedgerows significantly increases the diversity of hirds, especially
woodland species, in farmland. Sites with hedges, ditches or lincar woods have more
species than comphrable areas of arable land,

The occurrence and nchness of bird species is related 1o the dimensions and structure of
thig fﬂdg:mwa Rpup._-:u:.i ';::-ipn;lnd to different aspocls of hl.-'l:.Ej:E structure, bt in genaral
‘bird fich” hedgerows are those that are tall and wide, have many trees and species of
tres, dead timber, and 8 diverse struchure

1
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* Habitats sssociated with |'_|_'qll_";|l_|u._-_ 3:.l.lr'|;_' ficld bouwndiries, stich as ditches wig] wide
grassy marging; also enhance the-overall boundary steip for birds

« Hedpe intersections are favoured by many breeding birds in companson with straigh
sections, probably. because a greater area of habatat 15 available within o specifid
distance

= Land wie sumoumting hedpes 15 an infTuential Tactor on their use a5 a habitat. There sz
Ensier species richness i he IE".' Tows where PEMMOnEnt pasiure GCCcurs on cither sde, in
companson with these with sdjacent amble lands

Fencerow netwaorks in Worth Amcrca ane also uaed ||'_-.' & witle range ol anrinal \p{'!l."il.'!-\. anil
khave a ke in |:|.:1i|'.|.;.1i|'.i:||_|.'_ wiildlife, alkbait |11n.:-:.‘.|3.' COmman hpc,:l'n.'-'._ wi:hin thee I",,:.m||.1|1||
tmshie {Patridog 1942 Dambach 1945 W egmer and Memam 1979: Hest 1983; Asher anil
Thomas 1985 .';1.|'|:||:|'.'-.':|3,- | 985 Henmderson ef @, 19553 Small terresing] mammals such ag
shrews, voles and chipmunks live within suitable fencerow vegetation, while medium-sized
mammals such as the Smped Skunk, Woodchuck, Red Feo and Raccoon wsé fancerows for
foraping, refuge and movement. Foncerows ane used sg nesting habitat by forest-edge and
farmiand birds. bt many ather h.|||'.‘l."i-r_"h use e for shelier, IErnpErary n-_'l-u:-:l.'. oF I-::-l'lé'iﬂ'_.'
habitat. Foi l.uu|:|||1|.1.': inn Mew York State, LISA, 93 speches weng nofed fromn Tencerows
(Peridas I*HJ:I: while in lowa, LISA, &2 ST 18 WiEre reporiad o wse fencerows an Vano

Ways (Bes 981

The extablishment of plantations and shelterbelts, and the regrowth of brushy fencerowsia
farmland were sdvocated by early wnidlife managers in Morth Amence as a sirategy ©
incresse wildlife, especially pame specics, in rural arcas {Davison 194 1; Dambach 1545
Recent studies have documented the vanety of wildlife that wse such planted labitats {Boria
1930 Emmench and Vohs 1982 Yakmer 1983ab: Schroeder er al, 19923, For examnle,
during two breeding seasons in southern Minnesota, LIS A, 87 species of birds wera observed
in linear shelierbels (Y ahner 1983a), To magimaze therr value for the avifauna, shelerbell
wars recommanded o be J:Lmn_*- i1'-:_~|;-::-e,:I al lapst -:|£|:I rovvs i width, have s |;||'.-'|,:r.1|l:'!r of troe and
shrub spocies, pol be mowed or culitveded, and thig dead frees he retatned as nesting and
E)IIIK"IH LI

Hedgerows, fencerows and plantations are seldom likely to support sustanable
populations of rare or threatened species of animals, bat by forming networks togethes with
remmnant patural habitats; they have a significant rofe in sustaining & broad range of wildlle
specics and enhancing biodiversity within rural environments: Conseguently, the decline and
loss of these networks associated with chunging rural land use, panicularly increascd
mechamnization and a trend toward larger {ield stzes. 15 ol prreal concer (Lonyers 198600 Barref
af, 1986; Burel 1996). In Great Britain, a total of 28,000km of hedgerows was removed m
six-year perod between 1978 to 1984, whils cndy 3500km of new hedge was estublished
{Barr eral 1986),

Other ccological functions

Recemt studies of the ecology of hedperows and fencerows have anphasized their conex!
within the landscape and their r|.-|;.1||-:‘:-1|5]|i|.1 with othet |..J|:|-.‘|.‘\.|:ﬁ|"‘.-|'.' COMPpORSTAS :I'.r-:.ugh the flow
of wimdd, wider, nutriends enerpEy and hiota (Forman and Bavdry 1984, Burel aid Daudry
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{001 Fritz and Mersam 1993 Burel 1996), The imponance of a londicane perspoctive was
garkly reatized in France when extensive cleaning of hedgerow networks in the 19405603, as
part of the rationalisation of farmland boundaries, led to widespread coological problems
sl grosian, focding, wind damzge and crop discases (Baudry and Burel 1984}, Recognition
of these problems led to one of the frrst major clndisciplinany studies of hedgerow solomy
[ENEA YY)

By influencaing micrsclimatic conditions, hedgerows, fencerows wnd tree plantnkions exert
amajor modifying influence on the nural envircnmend (Forman and Baodry 1984 Formian snd
Goadron 1986 Bind e af. 1992 Forman [995), Relative (o open arcas, wind speed and
cviporstion are reduced downmind of the shelier, while daviime temperaturcs, soil mosiire
and simosphicric moisture are increased. Shading occlrs in o narrow band next fo the
vegesstion. Evaparation is reduced downwind for distances of up to 16 timesthe height of the
vegetation, while Tar wind spesd the cficct extends to aboot 28 trmes: the haight. Reduced
wind speeds greatly reduce the patential for wind-based sorl erosien m adjoimng farmiland,
Hedperooss and fencerows alss intercept snow and other nirbome pariicles such as dues and
arinsiks: over Hime, an increased deposilion or terracing coours gt the hedgerow

Hedgerow and fencerow nebworks inferoept and slow the surface mnoff and subsuriice
fivw aff waler a2mmss sgriculturalland, and 5o reduce the potential for soil ercsion. Deep rool
sy st nselst infiltration of water into desper ground layers, while active iranspiration by the
Falisge of trees and shrubs pemps mosture from the ground o the aimosphers. Ditches and
banks ssociated with many hedgerows further increass their capacity W influsnce movement
ol wabzr:

Ecological interactions with surroundimg envitonments also occurs theough the exchinge
of Beats, which may have either positive or egative cffecis: In Evrope, atlention is being
gven o the tole of field margins and hedgerows: as refupes for ‘henehicial® predatory
mveriebrates, such as beetles and spiders, that prev upon agricultural pests (Thomas er al.
199 ] - Dhemunbs e ol 1904

In ihese and cther ways, hodperows, fencerows and plantations have ecobogical impacts
that extend across larpe arcas, far beyond the immediate environment of the linear vegetstion
These propentics can be manipulsted for eccological and agricultural benefits in nural
savironments by careful lncation, orentation and spacing of vegetation, and management of
{he wgelahon (Bird eral 1992 Forman | 9%5).

Roadside vegetation

Boad wweloms fre Eratuspart corridiors impna::l! ony the amaronmenl |1:r siimans for the
avement of people and their goods and materials, The length of road systers and the arza
ey cecupy throughout the world is immense. In muinfamnd Geeat Britain, for example, road
PESETVES Were catimated to occupy 212, 000ha or 1.9% of the land area (Way 1977), while in
thee United States the 6.3 millien km ol roads oec upy at least 8.1 million ha (Adams and Geis
I";!Hi L'|L'ilr|}', [|'r'.'_':,' are one of the Eu;gs!—;l anid sl cutensive r'l..lnL'1i|.'|t'|i.I'.|g Sysiems of linear
habitats on Earlh, The vast metwork structure of read systems, their pervasive spread
Hraughout many different enviranments, and the large area that they occupy, are indwcative of
' significant ecological effecs. There is much concern about the detrimental cffects of read
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systems, pariicalarly their role as coological barmers; as & source of mortality for wildlife, sad
as o souwrce of disturbance w adjacent habrtats and the wider landscape { Bennett 1991 Forman
and Hersperger 1994), However, the axtont of road systems and their high level of sinsciural
connechvity suggests thai there may be advaniages for species that are able to wse (he
pssociated roadside habitats. Boadside vegetation, the stisp of vegotation between the rmoal
surface wid the boundary of the read reserve, is the focus of this discussion

Ihe type and’ quality of habitais on roadsides varies greatly, both within and betwees
countries. In Austmha, m partcular, saad systesns are distinetive o that manmy' roadsides
support strips of remnant notural vegetation suck as eucalypt forest and woodiand, shrubland
and grassland { Walling 1985; Armaold et al, 1987; Bennedt 1988; Hibberd and Sootherg 1551
Hismey 19%1). In mural regions of sowthem Auvstralia, moadside vegetation contribils
sutbhectanhially 1o natural ]:..-l|~|_=|r in the lnndscape, and |s important for the conservihion of some
plant species { Toble 6-2) In the Kellerberrin area of Western Australia, for examphe, 380k
(3% of the 602km -::-I rovacks in the district have strips of native vepetation from 2-=300m i
widih on either sade of the road (Amold e w1991, tegether comprising about 108 of
remnant native vegetation in the distmct In other districts in Western Australia, strps o
native vegetation up to 200m wide were delibertely retained adpcent 1o roads to preserve
areas for wildflowsr conservation (Hussey 1991, One road, from Wobin to Mollewa, hass
confinupus strip of nalive vepetation from 5-30m in width extending for 222%m and
conmectng small vegatated resarves at | Skm intervals (Keals and Mager 199 ), In contrast in
many countries in Europe, Norh America and Asia, roadside vegetation is mainly of grassts
and herbs, managed to maintain o bow grassy or shrub cover (Niening and Goodwin 1974
Way 1977; Laursen 1981; Parr and Wiy 1988},

Birds are 1;E-|.:E|I|_'|-' the most COTEPICUOES Species Of wi lelife om roadsides and |:-;1|'.;c-q.|UIu'.|
there arc numerous repors from around the world of birds u=ing roadside vegetation asa
habitat: from India {Dhindsa & of, [9EE), Unsted States {Oething and Cassell 1971, Clark it
Karr 1979 Ferria 1979; Warner 1992 Camp and Best 1993} the Uniied Kiyxdom (Wl
1977); Demwnark (Laursen 1081); Netherlands (Reifnen and Foppen 1994, Crechoslovakis
(Hivhin 1987): and Australia (Mewbey and Newbey 1987, Middleton 1980, Armold ans
Weeldenburp 195K Leach and Hacher 1903

Diciatled studies of the use of roadside vepetation by birds in the Wheatbelt regron &
Western Australia have showm thad more thon 808 of fand birds in local districts use natie
vagetation on readsides ps & habatat (Amold and Weeldenburng 15905 L il 1 900: Sannders and
de Rebeira 1991; Lynch er af. 1995), The roadside avifouna includes a wide range of speckd,
but numbers temd 1o be dominated by commen species. In the Kellerbernin distnet, all of the
‘yery common’ species, 76% of ‘common’ species, 96% of "uncommon” species and 54% ol
‘rare’ BeCes Were et Lging toacdside vapataninn (Cala |9HN). The E\_'\m;'l-rh'i[il:-ll of the
avifauna vares in relation to the \.'l.:p,:lﬁti an type (woodland or shrublamd) and the sricture al
the understorey. Wide {40-50m), densely vegetated rondside strps support an avifauna tha =
comnparable to that in large remmants. Some species are resident yvear-round in the roadside
vegetation, while others move to and from the roadside as a short-termn or seasonal bkt
“t‘ll l.-,,:|',||'||:'-.| Robins are sebdom ohservad on roadsides |:||J|:Il|g the 1~r|:v::d:n|_z SE&EON, b “"’-'"
numbers increase during the non-breeding season consistent with the use of roadsides 85 8
dizspersal pathway by youmg birds (Amold and Weeldenburg 1990; Cale 19%0). The
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Box 64 Roadside habitat for butterflies in the United
Kingdom

Twenty-seven species of butter{lies, representing 47V of the buterfly. fauna camently
Found i the Lmated Kangdam, and two bumet moths (Zygacnidac) were recarded during
searches on short fransects beside 12 matn roads in Darset and Hampshire in the UK
{Munguira and Thomas 19592, There was an-average of ning species persite, but al one
st 23 apecics (4% of the fauna) were recorded, Most of the butterfires were commam
species of prasslands, although several rare spedics were also presemst

The range af hrt-.:'|1'n|:: habitats at each site was found 0 be the best predictor of
species nchness. Cher vanizbles such s mddsade width, nectar scarces; or adjacent land
uss could not add 1o the modsl, Most of the species detected live in ‘clozed” populations
and were partly orwholly supporied by the madade vegetation { Munguira and Thomas
1942h. Boad waffic was estimated to killup to 7% of populations, bt this source of
mortality is inaignificant compared with that from natural foctors, Busy riads were no
bamier to e mevaments of species with open mobils popalations, bt slightly impeded
those with cloged populations. However, roads could not be considered a harrier 1o gene
thow i any of the secies studied

The dun:—;l!_‘:,' and nchness of butierflies om these roadzides, TEpresemiing o range af
widkhs, I'rrﬂ'l'n;.I |-1;_1|_'.=E:r|ph}- anil vegotation stneiung, wWas oonsidered E'Ill_Ef' tl}' Brtish
standards and indicates that roadsides are a valuable habitat Jor these species. Active
mankgernent could enhance the habitat even further in many situations, by a number of
actions 1o provide a greates range of breeding habitats and larval food plants { M unguira
and Thomas 1992)

shundance of nectar-feeding birds peaks when there is the greatest availability of flowens in
rondgide trees and shrubs

In gouth-western Viciora, Australin, 9 network of forested mondside strips from 5—40m in
width was found to be used as habitat by 18 species of non-flying mammads {78% of the local
founa) and a1 least seven species (T0%) of bats (Bennete 1988, 1990c). The remnant forest
stnips om the rondsides (Fig, 6-4) link many of the forest patches remaining amongst farmland
(sec Box 3-1), Small native mammals such as the Long-nosed Fotoroo, Bush Bat and Swamp
Ritt, are resident and hreed within suitable roadside vegetation. They do nol ocsur in grassy
tmen farmland. but use the roadsade vepetation to move between forest fragments, Atboreal
species aleo live within roadside forests, while bats use both the road and roadside as a
Weraging resource. Other studies in Victoria have also shown that forested roadside vegetation
IE 8 Impoptand habitat for arboreal marsupials that depend on tree cover (Suckiing 1984;
Davwnes or al, 19970 (Hox 6-5)

There is Timdted hrn:wlrdgr. af the inverehsate fauna of moadsids '-':gmﬁun (Fort and
Thompson 1980: Baur and Baur 19492; Munguira and Thonss 1992; Vermeulen 1994). In ona
Etly in Western Australia, ants were censused on 16 roadside sites 2nd compared with those
% habrtar fragments and adjacent farmiznd {Keals and Majer 1991} Almost all of the 93

]
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Box 6-5 Forested roadsides as linkages for native mammals
in Victoria, Auostralia

Inthe Strathbogic Ranges of north-casterm Victoria, Australs, a rephicated expenimental
design was used o examing the valee of remnant srps of forest along Toadsides 48
habitat for native mammals (Downes ef af 1997, Transects were surveyed far
mammals in four types of situations; each replicated six times: remmant patches of fores
Z0-¥ika m size; ‘near’ rosadeide stnps located 300m from a forest pateh to which the
stip was conmected, “distant” roadaide strips located | 500m Trom a forest paich; asd
‘masture” in the cleared agricaltiers] land surmounding forest patches

All fourteen specied of mative mammals recorded dunng the study were present
remmant forested sinps (15-32m wide) along readsides, and one species, the Commen
Brushtml Possum, was detected i roadaide vegetation but not- in forests, The mean
species nehness persie did nod differ significantly between forests and near roadsides,
but destant rondsides had a lower specics richness than either of the foemer. The man
ciftersncs was due to fewer temestrial mamimals in distant radades. Each type of s
hed a stmilar nehness of arboreal mamosals (except fanmland, where there were mond),
but there was & greater abundance of these species in Forestes) roadside habatais than @
Forest patches { Downes et ol 19971, The few natsve mommals that were detected in open
farmiamd were farge herbivioras that venturs oul from forest margins, such as the Eastam
Cirey Bangrareo, Black ‘Wallaby and Common W ombait,

Ihese results demonstrats that forested sirips along roadsides are a valuable habits
fir o wade ringee of nitive mammals in this ares [n contrast t cleared farmland inwhich
fow speciss coour, most native maminals are resident in roadside vegetation and soour
aver distances of al least | .5kim Trom Tosest patches, By provading o continuoss steip of
hebitat that is l:'-l:'..'l.lpi'l:d 1!-_'.' native mammala, thase Torested  roadsides maintam
l'.C\II'ﬂi:'lI.IJl}' af |'.r.'l|'lL.|c‘||i-::-1L'. between foresl |'|:|'.r|*:-l::-. facilitale d1F|1L'rHEI| movemenls of
indiwidicals and enhance |u.11.'|.'.-¢_'i|5|1c commectivity m this medh hed emvironmend ll_'ZI-_'arl_\'.
populations of native mammals in forest patches linked m this way are more hkely to
mEinin an irllE'!::;‘ﬁIlI.ﬂ_r! of inchvidanls amd [T than are Tmpulal:mnh i Ehose fonest
[::'.I.-::|'|u- surrrowrhed by farmiand

E- Mean species richness of nathe
mrbereal mammaks (thaded) and
terresirinl mammals (chear) for
siies Im  foresi patches, mnens
rogdskdes, distant roadsides, and
pasture in farmland, Data from
Dowmes of al {1997),
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Fig- 64  Remnant roadside vegetation at Naringnl, Yictoria, Ausivalin, used as linkages between
forest patches in furmland, (Photo: A, Bennett),

species recorded during the study were detected from roadside vegetation although the
ficheess and composition was related ta the quality of the vegetation. The widest strips of
Rabursl vegetation (greater than 20m) supported an ant fauna comparable to that in fragments
of native vegetation, Narmower strips had a reduced fauna, while cleared roadsides and farm
maddecks hoth had a fow diversity of ants per site, If ants are rebiable indicators of wther
mverichaip taxa, thiz EUEECEEE that regdsides with broast :.H:i]'l!i of suitable habitat have a
valuable conservation role for invertebrates,

Fio)
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Box 6-6 Retained forest strips as habitat for wildlife in
montane ash forests of south-eastern Australia

Montane ash forests in the Cengral Highlands of YVictoria, Australia, are dominated by
menotypic stands of the eucalypt trecs, Moontain Ash, Alpine Ash and Shining Gim.
Fhese species grow rapidly, have dismeters greater than 3 metres at maninty, and may
resch conopy heights of 70m or more, These highly productive forests are the resource
base: for & major hardwood timber industry i central Victona, They are alse an
inportant habitat for forest wildlife and, consequently, there has been considernble
debate about the adequacy of measures to conserve wildlife 1n the ash forests {Loyn
1 ehsh: Lindenmayer ef ol 1990; Milledge er ol 1991; Smith 1991; Land Conservation
Council 1994; Lndenmayer 19%6), Contral 1o thas debare i3 the conservataon of specics
dependent on charactenstics of old-growth forest, especially trée hellows that generally
do not develop in thess tress unkil af feast VHF years of age (there are Ao premeary
excavators such as woodpeckers in Australin). Large forest owls, cockatoos, parmots and
pther birds roguire teece bollows for brecdme, while o diverse range of arbored
marsupials depend on tree hollows for diural shelter and breeding sites. Included inthe
tatter group is the endangered Leadbeater's Possum, a specics endemic to this region of
soith-eastern Ausirls (Lindenmayer 1996G),

The code of fores practice for timber production in Victora (Depanmen o
Conservation, Forests and Lands 1989} specifies aneas of forest o be rétained from
harvesting, such as forests on steep slopes, forest strips adivcent (o streams, and @reas s¢
nside for flora and fauna conservation including, in some situafions, *wildlife corrndors”
To examing the value of retained strips as potential habitat corridors for wildlife, a study
was undertaken of the occurrence of native mammals in a mnge of forest strips wilkin
the montane ash forests (Lindenmayer and Nix 1993; Lindenmayer eral, 1993, 19%4a.h;
Lindenmayer 1906, A total of 49 strips was selected, varying in mean width from 37 1o
2adm; each surrounded on either side by recently Telled and regenerating forests aged
five years or less, Stops vaned in length from 125 66 762m; they included buficrs alang
streams and aiso forested sirps extending across topographic gradionts, from guibes 1©
midslopes ar ridges,

Surveys Tor arboreal marsupials were camicd out by ‘stapwatching”, the careful
abszrvation of hollew-hearing tregs 1o detecs arboreal marsupials emerging ot dusk from
their daytime shelter in a tree hollow. All of the species of arboreal marsupial in the
study area were reconded From forest stnps, and most species occurmed af frequencts
comparable to that expected from predichions based on studies in extensive forest of
similar age and structure {ses figure below). The marked exception was Leadbeater's
Possum. Based on habitat models from continuous forest, Leadbeater's Possum waE
predicted to occur in af least 16 strips but was detected in only ope. lis absenceo from
siripe with apparently surtable Babdtal was attributed to the complex aocial organisation
of the species ond its foraging requirernents | Lindenmayer of al 1991),
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Box 6-6 (cont.)

Alkough all srborenl marsupials used the forested stinps as habdtar, the rickmess and
ttal ahindance of these speciés per linesr sirp were Jess than that expected froem model
predictions, The oocumence of arboresl marsupials in forest stnps . was strongty
gssociated with the presence and ahundanee ol hollow-beoring frées, a limrhng resounse
for anmals in the ash forests. The cooupaney of hollow-bearmg frees m stops was
approximately half tha recorded in comparabls comtinious forest. Of concern was the
obgervation that felling of swrounding forests exposed the retained sinps to wind,
resubling in the blow down of many hollow-bearing trees. Collapse of these trecs is
occurming &t a faster rate than in continuoos forest, and has serous implications for the
linp ferm suability of the strips ds hahitat for hollow-dependent anmmals

These studies and associated work oo grodnd dwelling mammals [Landenmayer &
al 1993) show that retained unlogged strips ¢ provide habitat and refuge for native
mammals 1 the managed forest mosaic. However they do not necessanly support 2
fauna comparable in richness and sbundance to that in continuous forest — at least dunng
the carly stages of surrounding forest regrowth. Their value and function may change is
the sumounding forest regenenites
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T-.Iilﬂ'lpi:'isnn of the securresce of arboreal marsupials im retaingd linear kobitnts with that
predicied from medels based on comparshle continuoas ash forest. Squares indleste the
nismber of linear sirips fram which sach species was actuplly sbserved, while vertical lines
indicate the 95% confidence interval of the number of sirips predicted 1o be oecupied
Predictions were mot availablé Tor several speciés, MB Mountaln Broshiail Posswm, Gls
Grester Glider, CR Common Ringtail Poswum, VBG Yellow-bellied Glider, LP
Leadbeater’s Possumy, 50 Sogar Glder, FG Feathertail Glider. Data from Lindenmaysr
amd Mix | ]903),
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Box 66 (cont.)

| Tall Mountaln Ash forest in the ' Shannassy entchment, Victoria, tvpical of muture forest
| aceapied by Lendbester's Posmum. (Photo: A, Benneti), |

Forest linkages

In respotise 1o the potentially detrimental effects of timber harvesting practices on fonest
wikdlife, especially species associated with old-growth habitats, forest ecologists throughos!
the: world have advocated the need for special measures to mamiain populations of sensitive
species within production forests. The retention of unlogged arsas of forest as “wildlite
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pamadon:’, ‘rethinad systems of habitat®, “habitat atrips’, 'leave strips", 'sireamyide 2ones” and
g om, are mcladed armong these measures with tha PUTpOSE -.||'-\.'r|||:vu||.u|g the status and
gonnectivity of foresi-dependent specigs i the logged inosadc {Recher o of. 1980, 1987
Hareis 1934; Larhn 1987 O Dennell 19915 Tayvler 1991 Lindénmay'er 194904, Mladenall arar
[aud: Dickaon ey ol [0U5)

The nature of the forest landscape means that there ars fundamental differances between
limknges in managed forests and habital linkaged retained within agricultural landscapes, for
f,:ampln: Unhke clearesd farmiland. anm ||'|I|:1\|1|I.1h & environment that poses . formidahle
onstrints onthe free movement of many natreeammals, o frest mosai: of stands of varying
epts of regrowth will potcotially returm to o suitnizle successtonal stage tor most species.
‘Edpe effects” between retaimed stands and felled stands wall alwe declime as regrosdh
procesds (Lindenmayer 1994} Young regroowth forests may be suboptimal  kabstal tor
numereas species, bl it s undikely that many forest-dependent animaks are strongly mhikated
fram dispersing through the forest mesare, Consequently, evaluation of the rode of inkages in
enliancing commectivity in managzd forssts places prester emphasis on their importance as
ietgines] habifats; rather than as pathways for champelling movements (Taylor 1901
Lindenmayer 1994}, Retained habitats can enhance forest connectivity in several ways:

“ by maintzining continuity of resident populations in lnked: strips of suishble habita
among sub-optimal regrowith stanids;

* by providing 3 souree population for rapid recolonizstion of regrooath bahitats as thie
vepetation becomes sutiahle

* by providing resources (such as shelter and bresding sites) for specics able to forage, bt
ned live, within regrowth habitats;

* by enhancing movements and dispersal of species that are inhibited from moving
through regrowth forests

In many satustions these retained arcas coindide with buffer stops fos the protection of
sireamms and water quality (Dobbyns and Ryan 1983; Recher of al, 1987, Darveau eral 1995
Muchtans et ol 1906). However, in sofme countries incressmg attention is being given fo
designation of retained habitts in additonal topographic locations that complement
sireamside: strips (Taylor 1991 Clandee and Lindenmaver 1994, These may inclade Tinks
between adjacent entchments,

Stutics of the ecolopical values of fores: [inkages for wildlife have mainty concentrated on
their role s & habatat within the legzed mosaic. A number have compared retained sirips with
similar areas of undisturbed forest, or hove made comparison between retamed strips aof
varying width or managament history (Box 663 {Dickson andd Humtley 1987; Recher of al
1987: Lindenrmoyver and Mix 1993: Doarveaw of af, 1995, Hundley of ol 19957 Murray and
Stanffer |995; Machtons et al. 1996), In general, these studies have shown that forest stnps
!'":"-'i.I-: habitat for many forest species, but do not necessarily support a species complement
Wertical o that in undisturbed forest. For example, & study of the use of sireamside strips by
mrids i production forests in Quebes, Canada, compared retained strips of 2L, 40 and Gm
widih and control areas of unlogged streamside forest {Durveau ef 2l 1933}, In the first year
after felling and partial isolation of these streamsdde strips {contimaoss fonsst remained an the
othier side of the stream), there was on increase of 30-70% m bird density n all strps,

)
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compared with pre-harvest levels. The highest density was found in the narrowest i [ 2
and 4lkm \.Iji[lh_l. I\ weéars two ang thres, bird density subseguently decronsed with the fased
decline in the narrow strips. All strips provided habitat Tor & ratige of forest birds, b, over
tymse, '-'-'II.!I.!":'JHJ.'."E WETT IMONS |i'|'.n.‘:|_'.-'1-.:- retain an avilium |||'|'|1r¢'_-.1-;t-;'|1|:r dent spec ies {Darvem
ef af. 1995}, The lonper-tenm suitabdlity of redained strips ‘a= habstat for forest hinds m (b
srud;-.' was aleo influenced h}' expasune to wind; since clear-felli g, 23% ol trees n =TS hiad
becn killed by windfall compared with £% incontro) areas,

Lommechivity (oo wilidlife m-production ferests can also beachieved by manaping the entire
forest mosaic. With carcful planning, the spatial interrelationships of recently felled, regrowth
und ¢ld-growth forest stands can be maimtained through time to provide sufficient areas of
suitable habitat and fo allew dispersal movements. Forest management prescrptions for
conservation of the Spotted Owl in forests of north-western USA are based around managing
i fowrest mosase that includes patches of unlogged fores spaced ot fntervals that allow reads
dispersal by young owls (Wilcove 1994). In this type of approach, the habitats that enhance
connectivily also function as an integral part of the forest habitat mosaic for the entire forest
fawms

Fetined areasof forest along streams, that alse function as stréamsids buffer sirips, havea
key ecological role in maintaining hydrological processes, protecting water quality Jud
["rl.'l[~.L|IIIE' and enrichi g afuiic habitats (e Hl.|'|.=|.|'|_1|| Vepeiation above), In the contexi of
managed forests, these buffer strips have a critical role in fillenng and preventing sedmments
from emerng stoeims (Chnnick 1985 Binford and Buchenaw 1993; Barling and Moan
1994). Exposed areas of soil on logging sites and unsealed forest roads are major sources of
sediments that are washed downslope with rain, If allowed to enter streams they may have
sevirely detrimental cffects on the aguatic ecasystem.

Summary

Meosr inveredt in |'.'.u.'r.u_|-_':r'. oy coneerned e I|.-u.-r-:-l'.'.'|.u'|' role id .u"."..'::rl'.lu,r e MO veTrenlT o
animals through inhospitable emviromments. Litde convideration hay Been given o ot
ecological rofer and conservarion bewefits they may provide. A review of fiteranre and
examples for five common npes of linkages landyeape links, riparian vegelation, kedgerows
ard fencerows, rgdside veretanon, and forest fin gugres — shows et thay have a wide range
of coolpgical functions in dew 'I:-I'.'_I"I s |Ir.|'l'l'ﬂ'-'u;'|'.'l|'lr".' L I|'|||'|'rj'r_'||'|'.;|'.|' LT e 15 Pt wendiir @l &
hahitar for plants and animals o fragmented landscapes. They mey comprive @ subsfanin
gmonnt of the remaining habiter avgilable o wildlife, support resident individuals

poplations of animaly, and play a ey role o maintaining the diversitg of wililife ied
confinilty efecolpgival processes im heavlly modified environmments,
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LINKAGES AND
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7 DESIGN AND MANAGEMENT OF
LINKAGES FOR CONSERVATION

Throughout the world, habitsd cormdors and other linkages are being established for a divesse
nnge of purposes. They may be intended fo bepefit smgle -=rl-~;|¢=~' or whole Faunal
assamblages, or they may be intended to provide benefits 1o waldhite wihile alzo delivenng
cther environmental, recreational and social advantages. Similarly, the operabional scale
vanies greatly, From underpasses and short kabitat comridorz bridging localized obsiacies and
zaps; 1o mger Jandscape links extending many kilometres acrods olevational grodients or
Eotween reserves, The size and shape of these linkages and the issuees invelved intheir design
and matkigement viory enommousiy

I dhiis comtext it 5 neither possible nor desizable to provide specific wmiform guidelines for
e desin wnd management of Tabitat links because they will depend on the proposed dcale
and function of a particular linkage. A more uscful approach in this chapter 15 to discuss
bialogical iksues that have a strong influence on the way in which Tinkages function and on
thear effectiveness { Table T- 1) These issues should be congidered and evaluated for particular
sriuabiens, m relaton o the identi fied function of the proposed link. The follomwing dizcussion
elstes most directly to the munagement of habitat corridors or stepping stones, bait these
posiapdes are also of igr'ru'rul relevance o the manigemeant of broader habitat mosais o
enhance landscspe connectivity.

Maragement for landscape connectivity ocours within a social and political confext wnd,
iltheugh not always recogmized by biologises, local factors and socio-political considentions
e often &s impartant as ccological theory and fizld research in the design and effectiveness of
Imkapes Mewmark 19933, Ever y link i umiquein terms of the social and community 1sspes
that &re faced. There is a vast différence, Tos example, between the issuss involved m the
relention and management of naturs] comdors in suburban areas of California, USA, and 1n
nwal Tunzania or Costs Rica Lonseguently, it = also ussful to digcass a number of
acii-palitical issues that are potentially important inflizcaces on the successful outcome of
tuch projects (Table 7-1)

itis impartant 1o recognize that in the real world there is rarely an opportumty bo designan
il v g aystermn of habitofs to maintain landscape connectvity The ull-tps- freguent reality is
the chatlenge of hew to:

best manuge remmnant linkmges that have swrvived in heavily disturbed landscapes,

maximize landscape connectivity by wsing habstats retained primanly for other
Parpoaes,

" mEDME connectivity between the vestipes of nojural habitats that remain after
development

Al
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Fable 7-1  Consideratlons in the desipn and management of linkages for conservation,

Biological ismes Socio-palitical issuss

Biotogical parposs of the finkaae Stamaz and tenure of the lapd

Ecology and hebaviour of specics anapemen! respomihilily and adeguiacy’ of resources
Sruetural conpectivily Rupport from lacal commumities
[uahty of habatag megraton with other programimes in sastamable Tand

manapemenl

Edlpo elfecls Comamurmiy edwcatvon and nwareness
=

Widih Smategic appeoach to planning

Location

Slomitoring the use of linkapes

Biological issues in design and management

Eight main issues relevant to the design and management of linkages have becn sdentified for
discussion: the '|:-|-.:In.|t_":'.ql P of the 1 nL:|gq_ |._.";,'|_'|'-|_'||_:':' and behaviour of animal '-.|'|-..i:'-.
structural connectivity of the link. quality of habitat, cdge effocts, width and location of the
hink,

and montonng of the function of the Iinkape.

Biological purpose of the linkage

Clear identification of the purpose of & particular link, in teems of how it is intended toprovide
benefits to the tlora and fauns. 15 an uingssrtant first slep and af egsential badas for @valushng
design and manegement requirements. Purposes commonly recognized ineluds to;

seist moverneat of wide-ranging or migrating animals through developed landscapes
facilitate dispersal of dividual ammals between otherwise-solated habatats o
popuilations;

promafe effective continuity and gene: flow betweess popelations in two areas 57
supporting a resident popalation wathin the nkage:

promote the natural continuity of hablise communiies and ecoloical processes

between large areas such s nahonal parks and conservation reserves;

provide the opporiunity for populations 1o shift in responss io change and madural
cakistrophes

provide habitat and continuity Tar wibdlife in conjunction with siher epveronmental and
social henefits
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Having clearly identified the purpose(s) of & paricular [mk, the suitability of existing ptans
or parcels of land can be evaloated, and tological and social assues relevant o design and
management can be considerad in relation to that purpose (Beierand Loc 1992,

The need to clearly wlentify a Bielopioal pecpeve s parsmount piven the widespread

cepdance of the *greenway” concept in landscape planning (Smith and Hellmued [9403;
Albem 1995 The primary theoretical justrfication forproposmg gresmways i linked systems
af apent gpace of natural environment in planming strategies comes from conservation of
hindiversly. Yot the actusl implementztion of such preenways may be influenced more by
sesthatic, recreational or culiusal considerations than hiological values. There 15 a danger thad
while the perceived benefits for bisdiversily conservation will e the justification for
e Opament of Erecmways, 3 desire to ensure rn|||'!':|'|urp|!e-:|' aifemees for homans (such as
recreational trails and scenery) will result in the actual benefits for wildlife being
compromised or mever achicved

Claims such as “wildlife corfidoes” or ‘animal movement comdors’ should not be mcluded
af gecepted in planning: strategics unless consideration is given 1o the specific biclogical
purpost of the: hnkaps and how its design, dimensons and management will be directed 1o
meet - that saal, The msk of a loose Boeplance of what constituics a "wildiife comndor’ 15
twofold: il 1= wasteful of land end resources if the objective has little chance of '!I{:I:ng
achieved, and & devalues the concepd and EI:EI'HIT!L;I-I.'! nead lof |u.'|-:|5l.‘::|"||.‘ connmechvity in
SORSErVaLIon

Ecology and behaviour of specles

A e kpowledge of the ecolooy of the species or nssembinge for which connectivity s the
poalis an important foundation for managing habitats to achieve thes puiposc. Knowledge of
the spatial seale of 8 species’ movements is of particular vahee, How large is the home range or
lerniony'? Haw far do animals regularly move? Do they undertake geasonal or nomadic
movements? Cleardy, the need for 4 linkage, its optimum dimensions and the way it is used
will differ hetwees species whose scale of movemens can be measured in metres (such as
spiders; frops or beetles) and larger animals that regularly mowve hamdlreds of meires or
kikimiztres

Infarmation tonceming habitai rn:\.._|.1|i:':~.-|'||.':|1|:_1:I diat, and other necessary resourcas will
mssst in managing habitats within linkages. Other behavioural and ecological atlributes, such
it e d|‘i"lt:-'1-.l cruss gaps, the kevel of tolerance of dicturbed habitats, the mle of dispersal in
2 |'-f:‘-'||r;|:;_~;|_-, o Lhee ngre anel o of dispessing individoals, ik dhisperual behaviour (random of
derected), o determine the most effective type of linkage (continuous comidor, stepping
Hones or AEnared habitar mosaic) and the ability of species o effectively use such links
(Harrigom 1992,

$0cial onpanisation and behavioural spacing mechanisms within populations are abso
"Mpartant. Species that live in groaps or colonies penerally require greater habitat ares than oo
similar solitary-living species and, therefore, may require broader habitat links to meet these
eminds for living space (Recher et af. 1987; Lindenmayer anc Mix 1993), Antmals also vary
Nh”"‘"':'""llﬂ_'«' 1 theit sensitivity to humin presence of dsturbance For cxample, vegetative
“ever o bulfer human presence is necessary for lindscape cormidors to be cffective for several
hrge Aftican mamenals, such as Eland and Greater Kudu (Newmark 1993).




Linkages o the Lowdscem

Landse ape gowle hinks, soch as those bebween COnservalion reserves, ane k-m.*.-::sll'\_-.' imleadied
fo mainiain cormectivity for entire assemblages rather than mchvidual species, To achieve thi
poal, particular atteation should be given to the regquirements of specics that ars rore'and s
that hove specinlized habital and foraging sequirements, Linkages that encompass i
FECjuIne meniy af the miixt “extinetion prone’ wracies wall, in most cages, also be effisctive {or
the majority of more common species. For linkages to be effective in mointaining cosfmuily
ol ceological processes, the requirements of the key species mvolved i such processes mi
b pet, To mzintain natural dispersal of seeds of fruting shinsbs and trees; for exomple, the
landscape masl be sustalde for Keed l\.'.'i'\-ih.'lhl.ll!_' grimals to move lhll.l\l;i:h.

Structural connectivity

Vamables miluencing structunl eonnectivity of linkages include; the nembser and length of
gaps, the presence of aliemative pathways or networks between suitable habdtats, and 1

preseace of ‘nodes” of favoured hebitet 1n the system (Fig. 7-1) (Forman 1983; Forman und
Godron 1986; Moss and Hames 1986; Baudry and Memam 1955; Benness | 55hk)

Giaps in suitabhe habvitat can severely ‘disrupt animal movements and the continuity of
reswdent populations, What constitutes & gap and heow elTective it 1585 & barrier depe,. s upi
the type of linkage, the behaviour of animal species, and their habitat specificity and scale of
movements, For forest-dependent animals, o papin a forested corridor might be posed by
broad expanss of clered prassy vegefation, a recently bumned patch of forest, o i
discentinuity in the canopy. But these will have different effects on different species. Clenns
Iand that forms an effective harmer o F.lra:;l-d.,'pcr.q_’.!_'nr heatles i unbikaly W inkibi e
movements of most forest birds (Box 7-1). Lengthy gaps in the tree canopy of a forest masic
may inhibit the movement of an erboreal mummal, but sot & lemestrial mammal that move
throuph the ground vepstakion,

The ‘barrier effect” of & gap also depends upon the extent of contrast between the halni
faveured by the atmal Fpedies and thai present m the gap. A nopow gap of unsuitable &
hostile habiat may more effectpeely imdt animal movements than o broad expanse af
-;'!;|;|||I_l, habitat, Foacs and hiJ__!I'.'.-l.'ip_.r-: thin clivade ':unql;:r.ilpv- link e and animmal pathways arsd
particular problem (Fig, 7-2). Mot only is thers a gap in the naturn] habitag rmpoesed by twe
more lanes of paved roadway, but traffic sounds, lights, chemical emessions and the F-"'"-""“i
death or injury by vehicles, impose a complex hazard for animals stempding o crogs (Hamé
and Clallagher 1989 Bennett 19491 ),

There is little empirical informaticn on the effects of paps on the movement of animak
especially al the landscipe scale, Studies of the effects of roads that divide the habetags &
small terrestriad mammals indicate that gapsas namow as [ Om can mhbikbi, but mot necessarly
prevend, their movement (Kozel and Fleharty 1979 Wilkins 1982; Mader P984, hMermam &
al. 1989; Burnett 1992) {and sce Box 3-5). Wider roads are even less fregquently crossed
(Cxley et al 19743, For spiders, beetles and other invenichrates, gaps of the order of 2im cin
pose an almost todal bartier (Mader 1954, 1988 Klein 1989}, In Canada, prassy pps 0
winndad fencenows kad a negative influence on the s of the fencerow network by woaidland
mammals such s the Eastern Chipmisnk (Bennett et al 19943 while a samilar ||-:|:'EI|:'-'\-'1|:"":
on the occurrence of the Brown Antechinus (a small terrestrial marsupial) in retained foresst
grips in Australia was attributed 10 roads and fracks creating gaps in the forest STF
{Lindenmaver er . 1994h)



I-||.-_ -1

Terigr aad Management of Lankzges for Canserveion

Stractural commectivity provided by linkngey ix influcwced by o mumber of focters
inchding (a, b) the number and length of gaps, (¢) the presence of & network or
III|'.I|1:|,|-'||_I i Ebiv sy, aiidl {d) Hie presenee of nodes e |_|.|r|.I||:5 of hobitas associated with
the link. () A lnkage that provides continaity, mualtiphe pathways and has nssecinted
niodes of hablint 5 likely io be Uhe most efective way of maintaining connectividy for
snimul populations, Redrawn from Bennett (199a)




Lirpkager- in the Landscape

Box 7-1 Forest patches as stepping stones for Brown Kiwi in
New Zealand

Fur species able to move between steppmyg stone habitats, key elements of connectiviny
include the distance between '5-|-EE|151'- the number of alteenaiive Eps available, and the
land use and quality of habitad in the surrounding matrx, The £aps bebaeen steps maist
b within the range that antmals will nomnzally cross

The Brown Kiwr 15 3 flightless bird endemmic to New Fealand, Individuals ane
sedentary and pecupy hame ranges of about 2(-40ha, usually in forest or regenerating
scrul with a dense understory. They forage for soil invertebeatss ot night and shelter
during the doy mainly in natural cavities at ground level (Marchant and Higging 19940)
AL Paerata Eeserve in the North Island of New Zealand, kiwis venture outside the
reserve into surrcunding farmbimd in which small forest remnanis survive { Potter 1950,
Radiotelemeatry was used 1o ideatify the distribution and track movesents of these birde.

Kiwie from the reserve made - cxtansive wie of forest fragments m farmland i
toreging af night and also for daytime shelter, They crossad maps bemacen forest patches,
aften moving quackly across the open ground. Few individuals crossed gags of more
than 120m of pastore, with sccess ta distant remaants occurming by birds using closer
remnants s stepping stones (Potter 1990). Most hirds were recorded in forest remnants
up to ZR0m from the rescrve boundary, nnd one pair oceasionally travel jed up 1o 1200m
from the reserve by moving through three intermediste remnants (o reach o fourth. AN
Torest remmants isolated from e ressrve or from o her forest by less than Bimof pasture
wiere used by Brown Kiwis, but only three of nine remnants isolated by more than Sm
were uxed [ Potter P00

I hese observations of movement patterns wers recorded from resident Brawn Kiwis
They sugpest that stepping stone patches of forest must Be at intervals of approximately
1tihm or fess o easure lunctonzl connectivity of hakdtal for kiwis living and -!".;q-ﬂg_.nb- in
thiz fragmented landscape. Gaps in excess of 3im appear to effectively isolate
otherwize-suitable forest remmants Trom gse by these hirds, 1t is not kiown, thouph, how
far kiwis may move duning the dispersal phase of their lifi-history

Knowladge of the scale of movements undemaken by Brown Kiwis can be weed ina
praciical way to restore and incresse hobitats Tor this speciea. By protecting of restoring
forest paiches at appropriate sntervals, there is potential b reconnect and expand the arca
of habitat mvaiiabie to the Brown Kiwi. and thiis 16 axtond the eonservation potential of
reservesn fragmented landscapes,

Birds are penerally more mobile than non flying animals but behavioural avoidance. rather
than a plepsical inabality (o draverse distances, i« probably the reason that many forest-interior
birids are mhibited by forest gaps. Approximately 20% ol tropical forest birds at diverse siey
in southem Brazil dwnd enstern Tanzanin ame reported tobe incapable i crossing gaps wider
than several hundred metres (Wewmark 1993 SioufTer and Bierregaard 19953, Clearly,

forest comidors that have large gaps will be inefTective for wildlife conga rvation in thoese
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Box 7-1 (cont.)

Ll 5K 106 'm

Laocatlon records for s female Brown Kivi sf Paerata Wildiife Monagement Heserve
iflustenting the use of & number of stepping stone remmants outyide the reserve beundary,
Fram Potter (1990) with permissbon, New Lealand Ecological Society.

tropical habitats, Even birds that readily susvive in beavily developed landscapes prefer Lo
move through vegetated linkages, where available, rather than cross open couniry gaps
{Johnson and Adibsson 1985 Haas [95)

The length of a linkage influences its effectiveness in several ways. With increasing
digtance there is & reduced likelihood of single animals, particularly small ground-dwelling
amimuls, 17“""':”"'125 the full lemgth, and a6 increased reliance on animals resadent within the
linkage 1o provide population continuity. Thus, the greater the distance to be connectad, the
mare imporiant it is that the linkage provides habitat and food requirements for key species.
Increased length also exposes resident o moving animals to a greater cumulative disturhance
froew adjacent habitats (such as risk of predation), and there is a greater vulnerability fo suidden
disturbance or catastrophe, such as fine and illegal clearing, that can cut the link. Severl
mreasures to reduce rivks associated with length include the provision of duplicate links or a
network of connecting habitats to provide aliermative pathways (Fig, 7
the width of linkages to provide the largest possible habitat area and minimize extemal
disturhance

| B :|1|q.|. 1|:|a.:1|:|:|:.-\.ill.g
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Linkages in the Lamareape

Fig. 7-2 A narrow gap of ansuitsble or hostile habitat, such o5 a busy highway, mav imore
effectively NMmil animal movements than & broad eupamer of low quality habilal
{Photn: A Bennen).

Incorporation of nodes of favaured habitat as part of a link cin ficrease its effecti veness by
providing additional habitat in which animals may take refuge or forage duning lengthy
mrvements. Habital nodes may also muingain larger breeding populations within the link age,
thus miroducing more dispersens mto the system Examples of nodes include (Fig. 7-3);

* narure reserves associited with a major landscape link (Noss and Harris | 986)

* floodplain expansions along riparian cormidors fDobbyne and Byun 1983 Recher o o
1987,

* addiionnl vegetstion ot T and cross (+) junctions alopg hedgerow and fencerow
networks {Forman and Godrom 1986; Lack 1985):

* small forest patches adjacent 1o roadside corpdors.
Intuitevely, it s evident that landscape eonmectivity will be greatest when there is'a high

keved of structural connectivity created by a combination of alternative and network pathways
rodes along linkages, and few paps or breaks {Fig, 7=}

T

Quality of habitat

Animals do not rezognize a habitat linknge as such or its functional role a8 & pathway for
mivemend - amimals simply recognize whether the habitad within s linkage is suitable or not
(Newmark 1993). Consequently, the availability and reliability of resources such as food,
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Fig. 7-1  Modes of halsitat incerporsted as part of 8 lekage provide additionsl habltat ln which
animals may Ibve nr take -olul_r.! dwring movemenis. Examples of nodes Imelde: {5}
vegetation i junctbans of linear habitats such ss hedgerows, amd {b} vegetafion
expansion af MNoadplaing or serosy bends in sireams sed rivers,

shelier, refuge from predators and nest gites are eritical iF animaks are 1o be able fo live in
linkages and use them as pathways for movement. A& vanety of stuhes have shown
relutionships besween the occurrence wnd abundance of animals in connecting habitats and the
pepilability of cerain habrtat components | Pollard e al 1974; Vahmer 19834, b Armokd 1953,
Oighome 1084: Recher eral 1987; Lindenmayer efaf. 1993, 1994h; Bennett ef af, 1994, The
provision of high quality hahitst raises several important issues i the design and management

of linkapes

First, habitat queality 15 3 critical issue for landscape linkages that form part of an integrated
conservation network ot the regrenal scale (Harnson 1992). Landscape links fhat maantain
resident papulations and communities must provide vear-round resources for feeding, shelter
and breeding. Somilarly, stepping stone links, such as theess that |'Ir-1"'-it|'-' glwart-termm " stopover’
points for migratory birds, must provide neh food resources at cribical limes of the year.
Habidat cpuabity is also important a1 the scale of local networks. Typically, linkages in which
amimals are resident must provide a greater mnge ond specificity of resounces | food, shelter,
breeding sites) than thoss used only for bricf movement (Bennett et al. 1994; Lindernayer 20
al. 19943, b; Lynch er el 1995). Animals undertaking direct movement may simply need
adequate cover or refuge for the brecf duration of the movement, and may use hnkages not

therwise suatable to live i (sce Box 43}

secomid, 10 provide effective continuity between large reserves that encompass several
contrasting habitats {sech ns ndges and gullics in mountainous fosest, dunes and swalesinand
enwiranments), landscape links must be sufficiently diverse 1o provide for species that ocour
in each habitat, This can be achicved by a broad connecting tract that itself encompasses the
range of topography and habisats, or by duplication to provede binks of different vegetation
types (Bennett 1990a; Clandge and Lindenmayar [ 9#94)

133




Linkages dir it Landscape

Thind, whersver j‘.ll.‘lh!ii::-lq.'. ..'Ill\..ili:l."k. chould be based on .':“ii"*-':-'l'l}-: e twral vagelation rather
than on degraded or recomstnmted vegetation. A high-quality habitat for wildlife requires the
full diversity of natural vepetation, muintained by natural ecological processes. Resourmces in
forests and woodlands, such as leaf litter, tree bollows, lasge dead trees, hypogeal funai and
divérse inveriehrile communities, cannot be creaied simply by planting irees and shrubs in
rows. An urgent task, thorefore, 5 fo identify, retain and protect nafural links that are sl
present in the lindscape before they are lost. Whese it 15 nocessary to re-cstablish vepetated
links, prionity should be given 1o restoration that mimics the nataral covironment, Restoration
of existing semi-natural vegetation or revegetation directly adjacent 10 natural vepetation i
likedy to enhance the re-establishment of natural processes in new habitats {Hobbs 1993b)

Fourth, wildlife habsiats pre not static bl chingre with time. Soime pésources, such as large
trees, natural tree hollows and large decaying logs, only develop after long pericds of time:
whereas other resources may eecur only in early successional slapes. Animal species show
different patterns of cccumence in relation o vegetation agpe and so the seral stape of tha
hafitat can be a delermining miluence on its value a5 3 link. In tropical foeests in Oueensland,
Austiala, the E:'an:if:-' of 2everz] arboreal mamimials i forest renmants wis attmbuted to their
tnability 10 use comidors of secondary regrowth forest {Laurance 19904 The Lemasroid
Rengtil, nlthough common in prmary rainforest. did not occur in secondary forcat habitats,
Consequently, although potential habitat comdors were presant and were wsed by orher
species, the nature of the habitat apparently preclsded this species from wsing the links, In the
ionger term it will be necessary to sctively mannge vegetation in many conservalion nebworks
to ensure that key habetat resources are maintained.

Last, lincar habitats are pamicularly vulnersble o edege effects (see below), - and
consequently & greater level of management is requiresd 1o maintain the integntr of vegetation
in linkages than for comparable sreas within extansive noural eny T ]

Edge effects

The linear shape of habitat comdors and the relatively small size of slepping stones means tht
the ratio of edge 10 ares 15 often high e linkages {(Fig. 74) Consequently, linkages are
particalarly vulnerable to what has been termod edpe effects’. A growing body of research
shows that a range of physical and biological effects occur alomg edyes that can aiffect wildlifs
cither directly or indirectly through changes to habitats (Hams 1988a; Yahner [958
Bierregard ef al, 1992; Angebsdam 1992 Mursia 1995 In human-dominaied landscapes,
processes and impacts ansing from outside remnant habitaiz are likely to be s important, or
more important, than processes within the habitat in determining conditions for the fauna
(Janzen 1986, Saunders of @l 1991). The main types of tdge cffects are summanized below

Microclimatic changes that occer ot the edge of habitats include changes in solas rdistion,
mcident light, humidity, temperature and wind speed (Forman and Godron 1986 Lavejoy e
al. 1986, Young and Mitchell 1994 Consequently, changes ean be expected at newly created
edges fallowing expasure from clearing. For example, blow-down and upriating of trees as &
result of mereased exposure to wind has been reported from retained fores stmips in managed
forests in several couniries | Esseen | i Diarveas ef ol 1995: [_,_,,,j,_-._,:l,“,__.'_-{“.l- al 1997) (see
Box &),
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Fig. 4 Ul limear shape of habitef corridors and celidively small sire W stepping stone
habliaty means that the ratio of edge fo area 5 hkgh, There may be little “imterier”
pndigturhed habitat in many linkoges {a), unleas thoy are wide in relation {0 edge
disturbance processes in that emvironmest (B,

Changes in the compesition and stracture of plant communitics occar a1 the edge of o
habitat, 5o that edges sre characteristically ifferent fram the interior (Ranney o al. 1981
Lawrance 1991h; Malcolim 199640, These changes anse from the responses of plant species to
iltered micro-chimatic conditions, and from the invasion and establishment of plant specics
from u-.]_|;la{'|:-n1 habitals, Where remnants and habitat cormddorns bardar disturbed and clearsd
envimonmends there is uswally & large aray of weedy and pionesr pland species availables o
colonize, displace native plants and alier te habitui.

Changes to plant commmumities mean altered habitats for anmmaly — of benefit o some
species and 3 disadvantage to others, For example, dense shrubby vegetation close 1o forcst
edpes, where increased light penctrafion allows increased grovwth of shrubs or small trees,
may provide increased foraging and nesting sites for understorey birds (Gates and Gyscl
1978). This is not necessarily 1o their advantage because nests close 1 edges may experience
reduced fledjring success dug to predation and pasasitism (soe below). Vegetation changes
that affect animals may alse be sabtle, In conifercus forests of north-westem LISA,
Bed-backed YVioles are extremely dcance in clear-cu farest hat persist in smal| remnants of
old-growth forest (Mills 1995), Trapping studics in the remnants found that the abundance of
voles was lowest close to the clearcut edie and highest near the centre of the remnant, Voles
are often associaled with large logs and other woody debns, but woody debns showed the
apposite trend being more abundant near the edges. In this case, the mechanism in fluencing
the *edge effect’ shown by voles appeass to be the avadability of undsrground fung) {truitles)
which comprise a large part of the voles diet, TrufTles wers virtually ahsent fron regenerating
clearcuts and the edges of remnants, but were present within the old-growth intenor (Mills
199%)

Wildlife: species that are edge specislists or are typical of disturbed |ands. can invade
linkages and become predators, competitons, or parasites of Hiverior’ species | Y ahner 1Y85)
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* - In habitsdz close toccdpes the ofging] suite of predators may be supplemented by thase
from acyacent disturbed land, Expenmental and observational studies of predation on
berds” nests have shown that o agnificantly greater level of predation may oceur in edge
habitats close o disturbed tand compared with the forest interior {Gates and Gysel 197§;
Wilcove 1985; Andreén and Angelstam 1988; Yahner and Scomt 1988).

* Edge species may compete with interior species for food and other resources. For
l.:H:LI'I'IT"IL'. the Hl.'li?i:l.' Miner favours open woodiand2 in south-eastern Anstraliz and
disploys a high level of interspecific agoression to ather small insectivorous hinds, Sitag
where MNoisy Minars are present-have fewer bird species than comparable habiiats where
they arc absent (Loyn |957; Barrett et al. 1994). Motsy Miners are common in remnant
wiondland along roadsides smd maoy greatly nifect the use of roadside habitar networks by
ather Birds, by actively displacing them

* Habital changes at edges may result in changes 1o relationships between parasites and
hosts { Brithngham and Temple 1983: Taylor and Mertam 1996). In North Amesica, the
Brown-headed Cowbird has been found to significantly reduce the breeding success of
frest hirds close to edges a2 result of nest paragitism, In woodlands in Wisconsin,
USA, 5% of nests Found along the edge of woodlands were parasitized. Close to odges
thers was an average of 1.1 cowbird eggs per nest while at lecations more than 300m
from the forest edge the average was £.23 eggs per nest (Brittingham and 1 emgle 1953}

Edge habitats are proae to a range of disturbance processes, often the result of sctivities in
acljacent developed land, These include the drifi of fertilizers and chemicals from farrnland,
trampdmg and grazing by domestic stock, fires esCaping into forest edpes or ripasian buffer
zones, the placement of access tricks and control burms along edpes, snd recreatsonal
shsturbance and littering, In raral environments simple management measures such as femcing
to exclude domestic stock (Scougall edal 1993) can sremtly reduce the amount of disturbance
o streamiside vegetation, fencerows, hedgerows, and stepping stone hahita patches that
maintain connectivity through the rural lindscape.

How far do edge effects extend? How wide is an edpe? How wide must 1o ndscape linka,
focal Babital cormdors or stepping slones be fo minimize the impact of edge disturbance and
mclude high quality habitat? Thess sre difficull gquestiond of direct relevance o wildlife
congervition, The solutions must be considered in relation to a particular process or parmmgter
{Box 7-2), For cxample, a study i the LISA showed that {n terms of vegetation stnicture the
width of o forest cdge was less than | 3m but, based pon the distribution of birds” nests, the
fumctional width of the I.'I:tj:l{' ranged from 9—6dm Tor three sites studied [Gates and Moshe
I981), In Sweden, kigher levels of predation on bards® nests 8t the forest-Farmland adpe
declined with increasing distance into the forest, but ot distances of 100m they were still
bugher than st 2-500m into the forest {(Andrén and Anpelstam [988). Changes fo the
microchimate m forest patches adjacent to cleared farmland in Mew Zealand extended from
Him o more than 1Kk inla the toreat, l]l.'pr-r"jmg o thee aspec of e ._-g||E|_' [\-'.;-.um__r_ and
Mitchell 1994 Disturbanices sach ag grazing by domestic stock, fires. and fertilizer drift can
also extend many metes insede the apparent forest edge

The impact of edpe disturbance processes is preatest where there is a sharp conkres
betwieen twi types of habitat, such s forest and farmland. They are less marked at inferfaces
between two forest types, or different age classes within continuous forest (Rudnicky and



Diwsipre mad Manarement of Linkipres b Cosversariion

Hunter |9493). Namow habitat comders within roral environments, such as streamsde stnps,
hedgerows, and roadside vegetation may effectively be entirely edpe habitat. Within
extensive [oresl, in conirst, & strp of mature forest surrounded by earlier successional stages
of the same torest bype 1s more hkely to have an interor habitat and support andmal specias
dependent on the forgst intenor environmend

Clearly, careful consideration of the type and imtensity of potentinl edpe effects 15 an
imgperiant s o designing and managing lmkage networks, It 6 equally relevant 1o local
Imkage metworks and 0 major landscape links in regional and national conservation
strafegics. Active managemeani o manmmre edige effects will be necessary in niny situanons

Width of linkages

The width of linkages is & particularly important isaie besase width influences most aspecis
of how linkages function Maximising width is one of the most effective options that land
mamagers can exerciae 1o increase the effectivencss of linkapes for wildlife conservation.
There are ot lepst three' mam benefits of increazed width of connecting habriats

First, reduction of edpe effects can e miost effectively countered by increasing the wadshor
size of the hakital Wider linkagesare more hikely o midndain some hatitat litthe disturbed by
edge effects, For this reason, it is imperative that hinkages between nature reserves or Jorge
nartierad wreas that aim fo preserve continaity for whobs communities of amiemals. are as large as
pessible: Conminuity of popalations depends on the quality and mtegnty of the habitat bring
mainiained so that communities are able to live throughout the length of the linkage.

Second, for a Hnkapge of given length, increased width mcorporates a larger grea and the
potential for a preater diversity of habitsts and o preater abundance and diversity of wildlife.
This is simply an apphcation of the well known species-area relationship: Ianger areas tend 1o
support more species than smabier areas. A number of studies have shown positive
relaticnships between species richness of birds and widih of lincar habitats such as nparian
vegelation (Staulfer and Best 1980; Becher ot ol 19ET), roadsides (Amsold o ol 198
Ssuniders and de Rebaira 1991) and hedgerows (Parish ot al 1994). For example, censises ol
strearmedde vepetation in Jows, USA, showed that the number of spocics of breeding hirds
incrensed from 101 5 species in wodded strips showt 1 5min width, to 2530 Epecies m strps
greater than 150m wide {Siaulfer and Bast 1980

Last, greater width increases the likelihood that o Timkage will provide for specics with
requirements for large amounts of space or specialized feeding andl habitat requirements.
Thus, the relative composition of faunal pssemblages in wide habiiad cormidors differs from
that in narrow srips. Recher er al. {1987} used optimal foraging theory to prediet that arboreal
mammals with small home ranges were more likely to ocour in streamside cormidors of
cucalypt forest among pine plantations in New South Wales, Australia, than were species that
socupied larger home ranges. [n accordance with these predictions, the Greater Glider was
present in all corridors surveyed, but the Yellow-bellicd Glider was preseat only in the widest
reserve, The Greater Glider is 3 solitary Foliverows marsupial thal Doéupses | homs range of
|-Zha: whereas the ¥ ellow-bellied Glider i gocial, has specialized feeding roguirements, and
family groups occupy a large home range of 20-60ha (sce also Box 6-6). Similuly, wader
strearmsidie habitats {50-45m) retained amongst pine plantations in castern Texas, USA, were
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dox 7-1 Edge disturbance and the width of habitat
corridors in tropical forests

Tropical forests are under infense prossure in many countries, Given the inevitahility of
further | lering, brologists have bean encouraged 1o find waysto ‘creatively fragment' a
|.:-I1||hl'-\.'||'||.' (Laurance and Gascon 19871, Retenton of habitat cormdors ns pitrt ot an
intereonnected network of remnant tropecal forest is one relevant principle. But ;
wide should such linkages be? Recent studics of edge effects provide some puidance for
the desten of tropical forest cormdors.

Changes axsociated with forest edges have been recorded as pan of the Biological
Dynamics of Forest Fragments study in the Brazilian Amazon (Loviejoy ef al 1986
Bierregaard et af. 1992 Malcolm F994). Compared with the core of a 100ha forest
raserve., lompenitures and vapour pressure deficit were elevated for up to 40m inwards
Tram the forest edpe and soil fmojsture wis lower in the 20m eloses o the edpe. Deaths
anik dlmagee 0 irees was greater clode to edges, with the incidence of trees damaged by

wind pnd other trec greulest o the. fimst 60,  Slaficant changes in seedling

recruniment wene documented sp o 25m from the edige with o non-significant trend over
greater distances (Blermegaand ef ol 1992} There were significant changes in bird
communitics within 50m of forest edges, and even S0 from the eilpe commaon
forest-interior species were rare {Lovejoy ef ol 1986} ‘Light-loving™ butterflies
comman i openangs and second growth became more prominent following forest
frngmentation and it was estimated that these specics penctrate 200-300m into the forest
[Loveioy af al. 1986)

In noeth Queensfand, Australia, a group of disturbance-adapted plants was surveyed
in tropical ramforest fragmicnts and in continuoas rainforess at varying distances from
the forest edge {Laurance 1991). Elévated lovels of forest disturbance were evident fior
up to SEkm from edges, but “staking” ccolopical chinges were apparemn up to about
200m. from the edge, including high levels of canopy  damage and sn increased
frequency of ooccurmencs of linnus and rattans

studies of the effects of tropical forest fragmentation on forest understorey birds i
Tanzanin (Newmark 1991} yielded information on distribution tn relation to the forest
edpe. Birds were captured in nets extending inwards from the cilze of & larpe forest. The
distance from the edge at which understorey binds wers captured provides a measure of
their response to altered conditions near the edge, For the species encountered furthest
frome the edge (Northem Olive Thrush), the medmn distance was 266m

These studies from thiee continents show that ecological changes acsociated with

tropical forest edpes have marked effects within ot least the first S0m and huve

| implications for ecological processes over distances of ot least 200m or more, To retain

tropical forest linkages that have a core of relativaly undisturbed vegetntion for species

dependent on the forest interior, they will need o be at least 400-600m m width, amd
preferably wider im order to buffer and protect the core vepetiion
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found to support & greater represenigtion of forest-dependent brods than {5d nammow stnps
{15=25m] {Dickson & al 1995

How wide should a bmkage beT This question is freguently asked of
miet common response is 'the wider the betier”, The simple answer s that o hnkage 15 wede
enough when it effectively maintains connectivity for the speties or assembiage of enimals
for which it s imtended, Thues, the optimam width depends upon the purpase atd fumetion of
the linkage, the behaveoural eoobopgy and movemants of the key spegies, and the naiure of the
surrounding land use. Long-term changes in the integrity of the habitat and ihe tmiensity of
edge effects on fauna must also be considered, There is ne single uniform answer. Systematic
study of the ecology of wildlife in existing inkages of varymg types and widths is the first step
{0 & solution

cobopriss, o whecn e

I the absence of empancal mformation on the reguirements of partiewdar Apecies o
commusities, the most useful measure for determining an-optimum: width sppears to be the
distance over which edge disturbances are likely 1o affect the function of the linkage, To
ensure that the link maintains some portion relatively free of disturbance, the width must be
more than- fdce that over which edge disturbances influence ccologieal processes, Thas
mscasurement must be based on the circumstances of a particubar link and the disturbance to
which it is subjece. Examples of various methods saggested (Janzen 1986; Laurance 19910 ;
Mewmark 1991 Harrison 1992; Noss 1993) include the distance over which:

= ltered microclimatic conditions extend and influence plant composition

» invasion of alien weed species and edge species penctrate and alter habrtats;
+ clevated rates of predation oceur;

+ there is an elavaied rale of tree Blowdowns

¢ elevatied levels of nest parositism extend;

» foresi-intenor animal speoies avond forest cdges:

» recreational disturbance extends and affects natural commmamnities

Harris and Scheck { 1921 incomornted many of these considerations in proposing 4 ‘rule of
thumb’ guide relating the width of a cormidor to its function and the time scale over which 1t

MiEEl - operaie;

Yor the mrenvement ol individual animoals where mich D knoswn o their behaviour ard the
corridor iv intended fo fancton over weeks oF months, te appropriate width can be

meinred e mares;

‘rl.\,.nr"., A varteEns of o species, WATEH IMch BT RV |_|_I']|'. ||I,|.l|'|",.lH|.' ard vinen the corridor
i expected fo fluction over veary, e widih should be measured in 100 of melres,

when the movement of entive arzemblages (8 consdernd andior wien fifite s known of
the Biology of the species concerned, amediar i corridor is intended fo finction over
decades, the appraprite width pst be measured in kilometres. (Hams und Scheck
19915,
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In the bight of the suggestions above, deteemining a suitable width for a linkape may seem a
daunting task, particularly in situations where there s hitthe detniled knowledge of the Funa or
the local ecosystem, and there are competing demands for land use, In such circumstances
these planning linkages should

= clearly identefy the purposes of the link:
= pse all available Inn||'.l.||'-J-r__1._*- ahout the T
= apply the precepts "the wider the better” and "a5 wide as possible”:

* keep in mind that most exdsting and planned linkages are Iakedy to be much less {rather
than moze) than the optimum width for long-tarm ecological function

Location of linkapes

In heavily disturbed Landscapes there may be no choios asto whire linkagres ‘can be locared

e challenge is to implement the best management practices 10 maintain conn coctivity of
existimg linkages, or to maximize connectivity based around exisling vegetation patiems. In
ather siuations, such s extensive forested regions. aptions still remain as to where linkages
can be most effechiviely placed 1o maintain natural connectivity. Location s also an irmpartant
tssue 1n landscapes where plany are underway 1o regenerate or sstablish new Hnkages

The primary function of linkages 15 6o maintain connectis ity for populations and habitats
that were natumally continuous, Habitat corridors should not he established to link populations
or habitats separated by some form of natural environmental harter for inslance. it i
Inappropmate ko establish wooded finkages across a notural grassland plun, Care should slso
be taken when re-establishing habitat continaity 1o ensure that it does not focilitate the srcad
aof disenses that may have established in isolned populations, Although these conesms have
neen ratsed as eriticizms of habitat corridoss, they are of limited relevance becate they apply
primarily to situstions where linkages are being deliberately re-established, The protection of
exishing racts of natural vegetation is simplv m sindaining notural ecofogical connections.

Linkngzes will be most effective when they pratect kicwn pathways saken by animals, such
s seasonal migratory mutes of larpe mammals, stopover poimts of migratory waterfowl, daily
foraging or movement toutes of Targe animals, or habints typically used by individuals
dispersing between populations (Harrison 1992). Clearly, preliminary ohservations of actual
movements, of infirmation from ecologists - or knowledgeable Focal peaple will he
particularly useful. For examgle, mdintelemetry ohservations were fnvaluable in identifying
naturdl travel paths for Cougars in California (see Box § 11y often along toposmaphic
features such #s ndpetops, canvons, and strenm gy stems,

tn general, linkages should be located glong, rather than across, envitonmental or
topographic contours to ensure codbinuity of habitais for animals Exceptions to this principle
include. same habitat comidors deliberately designed 10 cross ecological condours. For
example, forest comdaors may be located to exiend poross ridges to conngcl adijscent forested
catchments (Clanidge snd Lindenmayer 1994) Similary, =ome landscaps links are located
along. elevational pradients to maintain saturs] conlipuity betwesn habitats at lower and
higher elevations and to agsizt the altitudinal migration of birds and ather spocies [Lodselleand
Bloke 19492).

Fael
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Whenever pessible, limkages should be located awoy from kaown sources of homin
disturbance, or the disturbance should be moved from the designated linkage. Where
disurbance i3 unavoidable, i impact will be redoced of it i3 Tocated 1o one dide; rathee than
coedrally within & link Disturbance to notural environments from fwa key gourees
encroaching human settlements and ruad systems — ore @ major chollenge to the management
of landscape linkapes, For example, the presence of an army camp and expanding vikiage
settlemicnty scross the remcuning hink wsed by Incdian Elephants between scctions of Eajaji
Mational Park in [ndia; the encreachment by thousands of people into the Kibale Forest Game
corndor in Uganda; and the threat from forest harvesting, grazing amd human setilements in
remaining linkages between areas occupied by Giant Pandas i China (see Chapler 9 for
further details of these exumpies), illustrate the theeat and severity of human disturbance to the
function of landscape linkages throughout the world

The: designation of buffer zones or the deliberpte establishment of buffer vepetation may
help o protect sepsitive habitats within inkoges (Moss and Harms 1986, Moss 1992} This
may take several forms, To protect broad landscape Tinks, 2 system ol land zoning can ba used
to permit limited use of naturad resources or limited recreational use in an ouler buffer 2one,
while excluding such activities from the core of the Imknge. The use of buffer zones m this
wiay has been widely sdvocated to profect tropical reserves { Saver 1991 ) ond i @ ke elermont
in the planning strategy for Biosphere Heseryed under the Muan and the Bipsphere Programime
of UNESCT (see alio Box 3=3% Another form of buffeang is 10 use strpsof natursd of
planted vegetation adjacent to finkages to protect them from environmental change and other
disturbance, Such nammow huffers can also serve as o ¢lear marker of the boundary of the
hnkaps, fo himt incremental encroachment or clearifg, Obviously, o boffer stnps ane
established adjpoent o habitat corridors care st be taken to ensure that they ore of
mdigenos vepetation, not of species that will invade and deprade the linkage

When compatible with maintaiming ecological values, linkages for wildlife conservation
should be located to camplement and enhance other resource conservation strategics. For
instance, in sddition 10 maintaining connectivity for wildlife, linksges contribute to the
necdection of water quality, the reduction of sl eresion, the conservation of rare plant specics
2wl commmunities, the retention of mdigenous plimt stock and sced souroes, and 20 on (sce
i-hapter 6,

Monitoring the use of linkages

Maonitoring programmes to aseesk whether linkages or networks of linkages are achieving
their ohjectives are frequently a missing element in conservation plans. There 1= iltle posnt
sitting aside, or acquinng. land and carrying ouf expensive management activities iF il is ot
known whather the goal is Tikely to be achieved. Monitoring programmes can be carmied out at
thres levels

First, there is a need for hasic survey and inventory associated with the establishment of
lundscape linkages or networks, to cnsure an informied basis for their |ecation and
implemenzation. For instance, in situations where o regional network of linkages is planned
{Examples 5-11 in Chapter %), st s usually based on qualitative principles rather thaw on
quantitative knowledge of that environment. It will rarely be possible to survey every linkage,
bat it is importan 10 have representative data from the types of Tinkages that are meomporated:

idi
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for examiple, the species of animals able to-wse 200m wide Hnzar reserves in forests (Example
|0}, revegetated links along streams {Example 7), or hedgerows between woods (Example 5)

second, thers 15.an urgent need for monitonng programmes that assess the offecriveners of
Imkages, o determine whether they are achicving their goals. Such research programmes are
not casy to degign or implement, and require lopg-term commilment fo be of greatest value,
They may ke several forms:

* megular momitoring of the cccurrence and status of the fauna within linkages (either
irving there or passing thtowugh | to provide information on how the link is being used and
the ydentity of specias for which it feilitates connecliviby:

* monitenng of mdividual animals within the hinked system (by radiotelemesry for
cxample} to obtain dafa on the extenl, freguency, direction gnd e of movemenis made
through particular inkapes;

» mvidionng of the stafs. of pegulitions and communiiies in habitats connactad by links
L is=ess changes in response b enhanced connectivity

Third, MOROTIEE of the wse of ||I'Ii-;h_.' GE :|'-_-.' antmals 15 an imporant way of providing
feedback concerning the most suifable design, dimensions and managensent practices. For
example, managgement of inear * ndes’ used by butterflics and Birds in British forests has been
improved z5 8 resull of forest: mapagers ‘and scientists co-operatively festing dilfercal
management techiiques (such as width, thape and orientation of ndes) to develop eptimam
habrtat conditions (Ferms-Kaan 1991, 1995), Such knowledge from MCRIGNE prodrammes
even iTonly for aingle examples of linkages, can benzfit the future design ondd management of
other links operating mosimilar situations (Beier and Loe 1997

Socio-political issues in design and management

Naot surprisingly, conscrvation biologists and wildlife managess tend to foous on biologieal
sues when addressing the reservition: of natural arcas, the manapement of threatened
species, and similar topics, The same 8 true when considening the role of linkages Tor
conservation.  However, successful conservation requires more than just  biokarieal
knowledpe, The achievement of conservalion outcoimes requires an understanding of people
and their aspirations, an awareness of the political and economic climate. and skills in
effective implementation of programmes. Thus, achieving conservation poals requires. &
sound understancing of both the biological and socio-politieal dimensions in wildlife
conservation wnd land-use planning (McNeely 1987, Clark of of 1994 Grumbine 1994
Yuffes 1997

Wt ure the issues that need to be addressed to effectively implement bialogrical plans for
Imkigres and to ensure-that they are successful in the long term? The following points are not
an exhiistive treatment of social and political s ek, bist are intended to serve 85 a starting
point for further discussion. The proceedings of a symposium addressing the complementary
roles of networks of poople and networks of vepetation for nature conservation [ Soamdors of
al. 1993) provides many relevant examples. Case studies and examples cutlined m Chapter 9
of dhfferent types of Tinkiges and linkage networks, also illustrte some of the practical issees
that arise m their development and management,
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Siatus and tenure of the land

Hehiiat comdors, stepping slonés and other linkapges require land. For them fo operate
effectively the land must be managed in & way that ensures that condibions are sntable for
inemals to continme using the link. Thas, Jund t2nure and the ability to effectively manage thal
arnd to wchiieve desired autcomes are critical conssderations, The kand required to maintmin or
gstablish lmkages may ke in privale ownershiop, public (govermment] awnerghip, ar it may
comprise multiple parcels with a diverse range of owners including private individuals,
COMMPEREES, Fovermment ug:nrie:k o authorities; amnd COTMIMLNELY of conservation proups
[deally, a secure bang-term arrangement with the responsible land managess 15 required to
ensure that there is an ongoing commitment té the objectives of the linkaps

Where o number of options are available for the location of linkages; land tenure 15 an
imporant cridemon. In most developed counirigs there w5 & grealer capacity {through
community input and stafwtory planning processes) 1o have lind owned by governments
managed in un environmentally sensitive manner, However, in many cusss there may be only
asinglé option Far the location of o Imkage and 4 commitment to- sympathetic management of
the land can be a major challenge to the implementation of an otherwise eeologically sound
pl:|11

Securing commitment bo sympathetic lind management may be achieved in o number of
wiyg, including: purchase or acguigition of land by governmemls of ConSCTVELON
comsoriiume. I'.'-."i--l.'lrll."n”'I"'\-'l-" |-|1:|l||1t-_g||:||_'|'.| Agrecments,  stafubory  coOVEnanis  on land u=s,
planning controls on permitied wses of land, or by mformal agreermants among focal
communities, Creativity and innovation are required. In seme siuations compromise will be
required to meet the needs of Tand managers or indigencas peoples. For example, a broad
Iandu:::lre link between wpland and Iowlind areas of M Kilmmanpars in Tanzania {see Box
853 will be administered winder district bylaws that aliow the Musai pecple @0 continae
traditional pastoral P-r;u_-|i.::|_':-; {Mewmark 1993, In o diffarent context, netwaorks of remmaant
vegetation along rogdsides in southern Ausirali are 8 valuable COnseTvation resource (5o
Chapter &), but their management must recogrize the Fegrtimate need 1o maintain o =afe
travetling environment and to minimize the nsk of wildfire. This might requre Eind nanagers
{local governments in most cases) o remove trees close to the mad surface and occasionally to
reduce the fire hazard of the ve petoteon

In areas where there i intense pressung for further development and future changes i land
ws# are likely, obtaiming o commitment to the use of land for an eeolopicat linkage is difficult,
Megotiations with o number of land managers may be reguired. The séemingly simple siep af
ensuring that the location and full extent of the area to be managed s an ecological link 15
clearly marked on appropriate maps, planning documents and land-use strategaes, i crtical to
the long-term maintenance of the land"s status and [t cffeetive function as & linkage (Beier
Rl EN

Management responsibility and adequacy of resources

Improved conservation outcomes are not pecessarily assured once land 5 committed to @
linkage. Ongoing management is required to maintain ecological values and o eviluate
whether the linkage is achieving its shjectives. The level of management reqaired vanes
dopending on the function, location, and su rroanding land use. Passive management may be
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Box 7-3 The Talamanca-Caribbean corridor, Costa Rica:
involving the community in corridor development

Encompassing an area-of 31500 ha {plus an additsonal 5000 ha-of marine areas and
corrdlling reefs), the Talamanca-Cambbean Biological Coridor in southem Costa Rica
extends from the high-clevation La Amistad International Park 1o the Cambbean coest
Included within this major landscape link are seversl resérves with vanons levels of
environmental protection (pam or all of Hitoy-Cevere Biclogical Rescrve; the
I'alamanca Cabecar, Talamanca Ponbn and Kekoldi-Cocles Indigenous Reservies: and
the CandocaManzanillo Wildlife Eefuge), bat 36% of the area is privately owned with
no existing formal protection {Talamanca-Carmibbean Biological Comdor Commission
1993)

Ihe migor objective of the link is to protect biodivarsity along an elevational gradient
of continueus forest through the involvernent of (and tothe benefit of) the communites
of the region. The entire linkape is located within the La Amistad Bioaphere Reserve
that extends across the border betwoen Costa Rica ond Panama, & region of outstanding
binlogical diversity with & large number of endemsc plants, repriles, amphibians and
birds (TCBOC 1993 ). This region is also an ethmcally and culturally diverse area and is
hivme 1o 63% of Costa Rica’s indigencus population,

Potential |:li-.'.l|-‘~|_.'i|.'..1| henefits of the ||:|1!-:zlg|;' inchede

* protection of natural ecosystems with high diversity, The cormdor includes nine of
the 12 “life zones” in Costa Rica and interconnects nreas of high endemism within
the bicsphers reserye;

* opportunities for movement of epecies that underake altitudinal rErahions,
including frugivorons and nectarivorous binds with ecological roles in pollination
and sced dispersal;

¢ maitenance of regional popalations of animal species (such as large predators)
that require fange areas of habirar

The project 15 being developed by the Talamanca-Carmbbean Biological Cornidor
Commission, which has wide represemtation (11 member organisations) o ensure thal
all commumnity groups parbcmie aotively in w.'..".i:in;-_! policy and |:!;_1k:ir|t! decieions, The
mijor chalicnges are to co-prdinate conservation measures across different land
tenurcs and amangst many groups, and o limit activities that degrade the natwral
ChY Ircnancnt T."!:Hrhl‘lillil':ﬂ 15 |:||_'|:I_|j'||'r|;,: i rn;|:|_||, |'|_'|r||:'|:.;_ !'“-,l-n I-a:ll.'ld f-r.'q':l'ﬂal_"'l'llrlﬂl'.l a_,"_l
cleanng by squatters, by exploitative logging on private and public Eande, by cleanng
of private lond for agriculture and plantations, from mining concessions, throngh
uncontrolied tourism developments, from expansion of banana plantstions, and from
illegal hunting.
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Box T-3 {cont.)

A serics of propect activities. are being implemented (TCRCC 1993), bazed on the
need Lo

» promote the protection and management of hodiversaty, especaally to stop
detorestation and -.‘:.-r'.'r'lnll:!- By EtEms of sustinnakla torest use:

+ aupport communal achion, such as community parmicipaiion m the uwse and
responsible management of natural resources;

= contrbute @ economi and social develapiment of the community,

Evaluntion of the success of these actraties 15 incladed within the life cycle of the
project, with proposed indicators including: the extent of forest cover compared with
that & the stant of project, the mumber and quality of land agquisition projects, the resailts
from Biclogical moenitoring to treck reduction inthreats, and the level of effort shown by
lacal organisations in carrying oul praject ooals.

sufficient fo mammtain the inteenty of linkages in some situations, such as broad undistrbed
lanedscape links betwesn reéserves, or retnined systems of unlogged habitat within managed
forests. In other situations, sctive management and continual vigilance js required if the
coological function of the linkage is not o be compromised amd ultimately destroved,
Maintaining semi=-natural corridors for Cougars in the Santa Ana Range, California (sec Box
511} (Bener 1993), requires conservation biologists to regularly monitor (and be willing to
take legal action) the decssions and plans of five county governments, 17 municipal
governments, two transport mthonties and a major water nuthoniy®

Mot linkages are intnnsically difficult to manage because their shape (high edge o aren
ratin) makes them pariculardy prone fo disturbance, and becawse they frequently span
miltiple parcels of land that have differsnt lond manapers and land wses. There are a mumber

ol imiporiant issaes fo conssder for their effective managemaeist,

It iz‘essentinl that there is & clear understanding of where responsibility for management
lbes, or how n::.'pl;.n'\,'|'|:hi|1l:|.' % fcx b shared among the partes invidvied, |6 the absence of such
understanding, loss of coologrcal function may casily ocour without asy of the parties taking
sElon 1o remedy the problem, It is s neceszary fo have ngreemenl comcerting the poaks of
MIMAZEMEnD  aImong theors= n:'I'l_.m_'\;__n;;d with thiz ||.':iE‘!l::-:'|.~ii|:I:||H}' This may be |:'_'r formal
managensent plan, of an informal agreement on measures required o maintain the status of the
land and the quahity of tls habitat,

Skills in project management are required 1o ensare that planning and implementation are
carmied out effectively. A high level of skill is needed in situations where 8 number of
landholders and competing land management objectives are involved, or where negotiation is
tequired 1o purchase or acquire fand for the linkage. Linked systems il habitat af the remional
scale thut involve co-ordination amongst private landholders, Tand developers and multiple
pubilic authoritics, are a major challenge (Reid and Mumphy 1995 see Chapter 9). Important

T4s




LAmAd et 4 s .|.ll..'l\.rw||'.

compnents clude clearly -,I._'I'illl-'l._-_" voxls and olyjectives, i-CE-\.':rllll-'r'II'.ﬁ 1|t Sejence ol actions
to be undertaken, identifying milestenes o mondor progress, and ensunng effective
co-ordination snd lEaison among el concermed

Adeguare resources Muman and lnancial) maat be available o achizve the managemenl
abjectives. Clearly, the resources nequired depend om the scale of the linkage and the
|.'|||1':'|'\-I-:1-'|I'.-' of Land-ise 152ues involved. At a local scale. Trimny lmks ane networks can be
maingained by the volustary contnbutions of landhelders or community groups; whereas the
minagement of landscepe hnkages froguently sequines  dedicated personnel and large
operating budpets. For major projects, managemient agencies regiire personnel with @ ramie
of complementary skills, inchading biclogical expertise, propect manapement skills, band
managemsenl skills and sociological expérience tsuch as commumaty workers), Developmieni
of the Talamanca-Caribbean cormidor in Costa Rica ( Box 7-31 involves co-ordination among
iy local community grous, national organisations and mtermational agencies; and the staff
of the Commiession includes an onthropelogest, two lawyers, a peographier, a forest enginect
and @ beolopst (Tabaminca-Canbbean Comdor Commassion 1993), Francial resouwrces are
required &l oll stages of such major prajects, but-especially during the development phase
{otten nvobang fand acquisshiond end motial impdementation

A further challenge for manogement s 1 antieapane the nature of future land use within o
adjacent oo parficular linkage that may compromise its function; chanpes such as new roads
of housing developments, demands for aceess (o nnfural resources, and the introdection of
invasive plants and anjrnals,

Support from local communities

Commiunity support and involvementis o key element m community developmedsl work ansd
conservaiion {Saver 1991 Blyih eral. 1995, Saunders o ol 1995). The same principle is true
lor the maintenance and protection of sydems of ccolopizhl Iinkages. In most situstions,
unless key stakeholders, management agencies and conmunity groups are sympathetic
b difficoll 1o achieve the platsed poalz of the linkage. Seversl pomls are relevint,

1t will

Firat, land ewnerehip or minagement authonty for a particolar linkage may lie partly, or
wholly, within the commamnity rather than with governments. Unless these people support, or
at Jeast do nedl oppose, the objectives of the linkage it will have little chance of success. At
local tevel, for instance, linear networks of foncerows, hedgerows or streamside vegetation
praviding connectivity within miml environments are largely owned by farmers and other
private landholders, and depend for their fitere on the land-use practices of these people.

The capacity of povernments and local suthonties to sdmiinister and enforce lows B
prevent disturbance 1o linkages, such a2 that from prazing by domestic stock, poaching of
native pnimals, tree felling or incremental clearing, i lmited. Pressure from. and the
expectation: of, local communitizs that kove an active invalvement in lond conservation is o
mofe effective form of profection at local levels than judicial authorrty,

Crovernments - allocate lionited funds  Tos nature conservation  Inwvolvemend ||'|" ik
COTMITRITIEY ay g!'{“;H]_':.' increazs the rescurces available for land management, 05 well as tap
into @ large store of local knowledge and sxperonce (Bradby 1991: Sicpen er al, 1995
Individuals and community groups can be imvolved in restoration of habitams, ongoing
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management of disturbance, and monttonng of waldhite. The hamessmp of the skills and
enthuziasm of volunteer ohservers has been o magor source of wildhife inventory throagh
schames such os the Christmas Bird Count m Nonh Amenca {Root | 9838 and the Australian
Bird Atlas (Blakers ef af. 1984),

Lamd uses :au_ljiu;r'u: Py} |1r|h:|.|_:4.".:-. have, & |'||'|1:"||-.|:ul ellest o their '.-|.ih|||!'_-.' nnsl the
mairtenance of their ecological function. Suppont and sympathetic management by adimmng
landholders can greatly reduce disturbance across edges. Adjacent landholders may glso
pratect 2nd enhance lmkages by maintaining buffer habitats cn their property of By profecting
adjorring nodes of habitat,

The support and achive mvobvement of local commumibies  requires sddifional
commitments heyvond the immediate biologien] poals of a particular Iinkage. [ssues that are of
primary imgwsrtance to the bocal commuonity, ‘sich as potential less of aocess o naberal
fesiirees | frewood, nabve Truity amd other fiorest |1I'I.'II.1IJLL"|_ ,'!-::.l|.l|1:|.1|.~\. Arising from mative
smmals tlurrut:znb: o killing stock in Farmiand, or the threat of weed infestations, pmest
b consplered '.:r'mp:ll:hvhr.a'.l'.-' 10 presveEnl cormmunily Opposiie.,

Integration with other programmes in sustainable land management

Ce of the most cffective wavs torobtain broad support for biological linkages is to integrate
their planning and mansgement with other programmes that deliver benefits in sustsinablc
land mansgement (such &5 protection of wiler resources o Sustamable use of natumd
peadacts);, The challenpe is to find ways to-achicve both goals without compromising
sonservation objectives. Indsed, in many situstions it Is the protection of soil and water
resources, of provision of recreational bencfits, that are the prmary reason for conservadion
measures gaming support. The retention of linked systems of natural vegetation along nvers
and streams is the most promising opportunity o integrate linkages for wildlife with
wistainable land management in developed landscapes. Streams are usually the semplate for
resarned sysiems of habitat inmiomaged forests because they provide & nch habitat tor wildlife
while also acting as buffers 1o mummze sedimentation and profect waler quality m stirewms
{Harris 1984 Recher et al 1987 Darveau of . 1995 Dickson erall 1995), Sommlarly, strewm
systems are the focus of nmiany urben conservirtion links { Adams and Dove 1989 Little 19540
Smith 1993 Roberts 19994 Prodection of urban streamside hahitats provides recreational
ppporunities und improves waler quality; and, where the sireamside habitats arc broad and
well-managed, they also maintain wildlife in the developed suburban landscape and provide
cotansisty betweesn wrban ol outer-urban NEITG IESEIVEs,

Opportunities to maintam landscape connectivity by inegroting linkages with other goals
in sustpinable land management are entical because in most developed landscapes historical
patterng of clearing and land use have resubted i the fags of most natural areas, This 18 true of
many European countries, whare there is a long cultural history of intensive land use (Agger
and Brandt |9RE; Gulinck ef ol 1991). Designing an oplimum conservation network 1s no
|l:|:|i':|_'[ rli'lE‘ilbll:: 1Th st h':iﬂ'ﬂl:r' 'r-;.'\q'r"lul_td PEELONS. bt ms ever Illl-.:I'IEI-F'_I-'i.I"Ig land nse makes the
landkscape more and more mhospitable for most plant and animal species, thie effective
integration of efforts to improve connectivity with other progrimmes i rustainabbe land
MARAZEimenl needs |'||:i|.l::it'_-. attention,
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Table 7-2  Summary of measures that may be taken to enhance the value of finkapes
for wildlife conservation,

l3gipe ¥lenzures to enhance the conseryatlen vale of v buges

Furpeas af the linkage * Clearly define the purpese of the Lk & o bass for menagemeam
acrions amd gokls

Ecobogy and behaviour of Match e 1ype and dimensions of the linkige wdth the eeclogy and
el mavement patferrs of the larget species

Plan landscape links to provide habsiat and resoarces for entire Taunal
:Ih1l.'"I|.'\l|i.':5,."\- Wilh parbicusar arenilon 1o SeCies Bl _-,l;.\_'.\_1a-|||,r|;|!
regUITSTE s

Srructural connectivity

‘-.1.|r'\-|5_-|:- habgiats o mmmmeize gaps n linkages

hositer external distarbances kel potentially may damage sections of
links

Develop networks of Hiks 1o provide alizmatives in case ol
unfreseen disasier

Incorporate nodes tong linkages o provide sdditional kabatar

Luiality of habital Manage habrials to ensure appropriate resources (food, shelter, refuge

breeding sites) are presenl for all species usimg dhe link

Esnibiliah new limkages based on extsting arees of nadursl or
semp-natural vepetsison rather than disturbed |asd

* [ecdpnies the need fo manage liskages and their hobitat rezources
over time
Edge effiects * Evaluaie likely edpe offects and thelr poléntial impacts on wildlife
* Maximize the width of linkages to minimize cdge effect:

ot ways ko reduce disturbance close tooor within linksges, or move
th= sources of disturbance

Incusporate buffer pones Aloag sdges to limit impscis of exiernal
distarbasce soarces

Widih Masch i widih of the linkage 10 e biabogical purpose. Measure the

wich of landscape Linkages in kilomesres

AssEss the aren requicemesis of Key spocies ussng the hnk

Maximize the width of finkipes wherever possible to increase the ictsl
stze and doversity ol habitais for fana

Ensure that widlh & aufficient to counter sovere el distirhancey
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Liscation

MaTioriag

Land penime

Manapement responsthalaty

Suppon from local
COanmi ks

Irstegration with other
pragmmmes in sushinahle
tand managomsnl

:-l'll'III'I'I'Jllll'\_vg' educarion and
Tarenecs

Swraiegic approsch to
plarming

=

L.

L

*

J.II'.'l.'hF:'" ard I".ru'.'ll_'_I!l. Wi -.I.I-J'rlnl..:"g.'- _|';'|r [ LS B T |

Use knowledge of amimal pathwiys ta locate Hinkages

Avpid establishing linkapes across natural ecobogical barviers

Locate intages nlong environmental comtoues 6 maximize continuity
ol hinmdgensous Babiml (usless ihe goal 15t deliberaiely Hok across
CanboissE |

Locate linkages to compleament oiher resounoe conservation sirabegies

nclude monitorime a5 an integral pan of the management of linknges
Design monisemng procedures o axsess the effechiveness of Inkages
for fauna

Use the resals of MAONIEAING S0 IMProve CNEJIE Managemens
Engure scciwrity of band status and tepure for finkaees 1o avoid fitane
detnmental changes i lund nse

Fosure that the localion and extent of the limkaec are clearly marked
&1 FIARE, |'-|;||'-'|I|||_l_ docomenis and lend-use strabe pes

Specily responzibility for mianagement

Ensure agreement an management goals among all responsible land
L HTE T

Ensure adeguare financial and haman resources, ard Tand marsgement
skills are svailabls

Anbierpate lkeoly changes in land e that could affect the Tk

levolve bacal comumunities  decizions, mandgement and maonitoring
Encourage sympathetic management of ndjacent lands

Be avare of the weder concermna af kcal peopla

Investipate ways bo mtegrabe ecologecal linkages with other
programimes in nyural [Eeonee mAngemen

Identity anid commumacate the wider ecalogpcal and social beneling of
lmkages

Engire thst communication and sharm o infeomation = an mesgral
part of maEnngement

Determine the most effective means for prvvddmg Information o -all
Eroips invelved

Encourage tho tnvolvemeat of local people and commisnity praug
Plan for comnnectivity at broad spatial scales (landscape, region) and
will a lpap-lerm perEpective

klertity future neeids for connectivity befoe OppomiumH s are
foreciosed by changed land use

LR
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Community education and awareness

The u:-;;h:l,r:_uc and Provision of information is an essenbial it ol the process ol '-'"'L-"I":"‘"I"-""E
and mapaging Imkages, This mcludes effective commumication between sclentists and land
managers, with those involved in making decisions about land use (including polinicians}, and
wiith the commueity; This may scem ekl evident, bat typcally scientists are not skilled in
communicating with the wader compenidy and have lomdted knowledge of how to bring about
L'|I.;II'I:__|r':_=C 1 land wse ['-::-|1'|r|l.|||=I:. ediication @ awareness invalves msses of whor o
communicate, the most appropriate form in which to communicate, and how fo invalve peaple
i e process,

The meessage to be communicated has ssveral parts. First, the purpose and need for the
hinkage, of network - of linkages, must be clearly presented, This inchedes imformation aloal
the animal species concerned and their babia requirsnents, and how the linkage wall agsist
their conservation. Second, the value of LR Iprufu'lu:::-!_l.' in coloue) thal o |-r::|l|:| ghow (ke
locatiiy wiwd dimansons of the |r|1|m:|;:u and the habiats o be commecicd, can noi be
avieragtimated. Third, peomle need 10 know Bow the proposal wall aftect them and their regulat
aietavilies, oF e new Opporkinriies i will |'|n|1.-'||||' Lhermi

Ihere can easily be o mesmateh o the fomis of commiunication bebwesn those imvalved,
sspecially between sciemhsts, lind managers: and membors of local communities. Scientific
commaumication &5 asually mowritten form, but few Tand managers and poditicsl decizion
makers read scientific powmals. lnformation mast be inoa Form that 15 reashily assamilated by
i person for whom it is intended, The most sophizticated conservation plans are of linle
value 1f the bulidozer driver does nol kiwsw where b stop? Visual and spoken communication
are importait, paricularly on-site demonstratons amd discussion where possible. Making
time 1o discuss issues with those involved and shanng personal expenence of waldlsfe and
their conscrvation requiseiments cin be very effective. The interest, enthusiasm and
cormmmitment of those .||.|'-.|.||.".1l|1|;:_' comservaleon mesures oamies much u.-._-|_p_|||_ afd &8 an
exsential complement o sciznlific duta and reasoncd analysis

Thie minsl effectiee fomm of community education and commamication of information £ o
mvalve peaple in the actwities sesocated with the praject, This may be through sctive
paftEpaticn i decision making and planmnimg, sseisting with serveys and momitanng af flara
and fauma, or involverment in restoration of khalbitata. For |:n.:|.||:.p|r, rhimgETent |'||.i||'|h o]
netwarks of madade vegetation in southern Australia have depended largely on volunteer
community invelvement to assess roadside values {Examgple | 7, Chapter 93 while volunteers
trom groups such as Ennhwatch have contnbuted o s rveysof the birds that ocour in roadsade
neiworks (Saunders and de Rebeira 1991; Lynch et ol 194557,

Strategic approach to planning linkages

Planning, negotighon, reservation and protection of linkages takes time, and it is easy for
eritical sections of habiat to be lost in the meantime. This 1 particularly trae when linkages
are being established in a reactive semee, in sn urgent response to development proposals that
invilve destruction and isolation of natural environments. There is an drpent need fior
strategic forward planning for conservation in those areas where continued pressure will be
exeried on the nptural environment, What doowe want the Landscape to look like mn 20, S0, or
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landscapes connectivity in advance of developmental pressures that will destroy them?

It is simpler, more cost-cificient and ceologieally far more efféctive 1o protect habitats
before they are lost, than to attempt to restore landscape connectivity afterwards, It s
reasonnble 1o expect that planning processes for mew conservation reserves should consider
bath the present and fubare context of the regerve, and how the futuwre connectivity of natuml
environments will be achioved. Incorpomstion o conrectivity a8 an element of conservation
stradeny 15 discussed further as the theme of the next chapder

SUmmary

Linkyges are extaliiched for @ wide range of purpoges and sonteguently Rere i3 ng o
ret o pradelines for thelr design and mpragemenl, Hor g Agrflcutar olieiion, e most
ieeiihe hipe of linkage und ity optimum dimensions depend on the andenal SprectEs oF

h:'.-:."rlE:r':'.J.rJ'.'.l'.-.-."r':-'l.'-:'.-.' comcerned ard el r:‘:,'h'f*'e’-fl-:'hl.'-' for l'-'l-'ln'-ll.'il.'-:Q'.'l" comeciiviny. The modi
GrprapriGic mandgerent jor J P uldr fink :.'L:,'.-'r.'.rr-.f.'u' LTS _5!-.'|J|_.{":-'r'.‘"\-'l'-' and xocial contaxs
To defermine the mozt fuitabile decipn and monogement for linkages, @0 Becessary o
wnderstand both the Biologice! (isues and toclo-pelitical (vsuey thaet may influence
effecilveness in the particular situation. Biological itaes inclide; the bislogical purpose af
e link; the ecology and behaviowr of the animal species concerned, e siruciura
CERRREC VT i .1|J.|-:|."J.'_.' af abirare oy the l.'.la-'r.ll.'.ln'-.r-'..l' llmk g ity JAF i'li"lil.‘Eh." faration, width amnd
pofentiol  wlnerabiliny o edee  effecs o peditfeal  faswes  thet  dnfluence th
implemeniation, fufure manageinent and flnction of a particuiar ink inciude: the stanes and
lenure of the land, manogement responsibilices and resources, the fevel of support ard
invirlvement by the Tocnl o T TR M the gesree I'_-'- Rl gt wilk oiher resonrce

MAFRIASEMETIT PrEgTIRIRmES







8 CONNECTIVITY AND
CONSERVATION STRATEGY

Etrategic conservation planning that operates of the scale of landscapes or regions-and has a
forward fime span of decades & 0 cntical prienity in developed areas and in those areas where
further environmentel change is imminent. Effsctive conservation of natural environments
aned their waldhife can not be achieved I_'t_',.' shinri-ferm reachions to an ONRoINg Senas of arses n
land marapement and land-ese plannimg — the tyranny of “case by cise” decision makmg. A
stratepic approach 15 especially reguired for the concept of conmectivity to be fully
incorporated in conservation planneng, Many of the examples of linkages presented carlier in
s book are situations where ‘comdorz’ or gthar connaciing hahbitaes have bean retained b'_-.'
default, rather than by carefuld planming. Simikardy, many hnkages curremtly heing developed
around the world are localized responsesto the threst of habitat loss or intensive land use. This
15 ot e ||'|'-"|"|:| that these attemgds nre ncp:q::.nnl:.‘ 1l-Tomded: nither, 1 I.'FI'Il'Il'liIhL-'.-\_'H the feed
for strategic planning.

The mann thesis of this chapter is that & primany goal of conservation planming in developed
regions should be the delinestion of [inked vusteme of iabitar within the broader context of an
integrated landscope approach 1o conservation, A network of linked habitnts that moantamns
effective connectivity for populations and ecological processes is unlikely to be achseved by
ad hoc reservabion or restoration of linkages i response 10-an ongoing series of development
propesals, 1t is essential that forward planming 15 carried out to magimize opportunitics for the
mist efficient use of land before options ane foreclosed by further habatal change or
destrwe Lo,

The putpose of this chapter is to discuss the role of connectivity in comservaion stralegies,
The fira vesee o consgider éoncerns the role |'.l!"|i:|k;1|_.’.$b' A5 B ponEsryaleam sk 'Ew-'I!I:I["ETI'-"-"
with other types of setions to counter the impacts of habitat loss and fragmentation. Crther
relevant tssues includes how and when 10 incorporate linkages in the development of
coumnseryation ﬁiru;cgms and pra;.:'.lr_ﬂ conservation actions. The l'l.l:.l.l:l'-‘.:l'l';_‘ dEscussIT TI-'h-l'h!I:II'J.‘-
b0 these weswes by addressang three mimn guestiohis,

¢ What is the role of connectivity inconservation planning and sirategy?

* How can linkages be incomaorated in an integrated approach to landscape management?
* Which linkages warrand the highest prionty?

The chapter concludes by presenting a checklist of points for consaderation by those

planning linkages, of rEorng oF MONAEHEE ex1shng comeciions.

Role of connectivity in conservation strategy

Problems arising from the loss and fragmentation of habitats in developed landscapes were
explored in Chapter 2. To counder these probiems, there are essentmlly four general

I5
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Fig. B-1 Diagrammatic representatbon af four Ivpes of messures that cam be undertaken 19
esunber the effects of habitat fragenentastion,

approaches that can be incorporated in land-use planning and land management. Planners and
land manggers can implement measures o expand the area of protected habitats, maximize
the quality of existing habitats, minimize impacts from surmoanding land uses, and promote
connectivity of natural habitads o counter the effects of isolstion (Fig. 8-1) These four
mensunes cen be undertaken of a range of spatial scales — from the development of
conservation plans for individual properties, to the plimnimg and imglementation of regicnl
and mational concervation strategies

Expand the area of protected natural habitats

The protection and manspement of natural habitats, whesther s conservation resesves or
througgh other means, i the fondamental and essentinl basis for mture conservation. Messures
that prevent further destruction or fragmentation of habitats: that increase the 1otal Smount of
habitat managed for conscrvation, or that expand the overall area of habitat available w
wildlife, sre each ways of responding to problems associated with area-based changes m
ammal populations and communaties. Large tracts of habitat are more likely than smallsr
arcas to suppon self-suststning populations of plants and animals, especially for large animals
that require extencive areus of and. Increased habitar size alss enhinces ihe capacity for an
arca 1o fetain 4 greater nchness of species, o suppon entire communities, and to maintain
naturdl ecological processes (Forman 995
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Throughout the world, thas obpective 15 being, addressed 108 vanely of ways:

= by including additional areas of habetat in maturs reserves toinoreass the size of existing
reserves of tooadd to the overall peserve systein

. |:|:|-' impl{:m:nhm__r' statutory provesoas or coMmmTiaLy progriammes o priolect Tl Ereay
and o mimimize further cleannge and frapmentation of habitats cutsiule the reserve sysiem
This may apply to lands beld by private individosls or commumities, by companies, o to
governmend-cramed fand not within the reserve system The fargest tracts of natural
environmend mn each distnct or region shoubl recedve pamicular attention for protectyon

» by undertaking programmes o deliberntely regenerate or revegetate land adjacent to
exisfing hahitats to cxpand the size and todal extent of nntunal aress;

» by recosmmending and requiring that where habitats are cleared, they are subseguently
regenerated or that comparable new areas are revegetated to minimize the overall loss of
habitat.

Maximize the quality of existing habitats

Within the constramts of the cxisting sie amd spatial pattemn of habdtats m the landscape,; the
value of cach arca of habitat is increased when it is managed o cnbande resources essential for
the native fauna, Manapement activities can be directed toward, for examgle:

l ||1'in|rnru'n;._' aind -;.'llrlLrl.l“lI'.|.:_ land wses that d-:g.nl-:l-: the natuml environment and reduca
its sustainability, such az imenzive grazing by domestic stock that leads 1o altered
vepetation sirsciurs and lack of plant regenerationg

 manzging the harvesting of natural resources such az timber, fruis and wildlife, o
ensure their fong-term sustamahility and to minimize adverse elfectt of harvesting on

wildlife habitats;

* maintaining natural disturbance regimes that promote. vegetation succession and
temnposally-varying habitats and resources.

Management to mantun the guality of habitats s particalarly relevant in those areas
designated for multiple use, whera the goals of nature conservation must be weighed agninst
other land-use objectives. Forests used for timber production, for example, make an
imvaluable contribution to wildlife conservation, but there is also the ever-present threat that
logeing activities may remove critical habitat components and result in the loss of animal
populatians,

Minimize the impacts from surrounding land uses

There is prowmg evidence that in heavily fragmented [andscapes, processes arising cutside
fragments are a major influence on populations and comimunities within fragments (Saunders
et ol 1991: Flobbs 1993a). Invasion by pest species of plants and animals, altered climatic and
physical conditions along boundaries, and human incursion and development, all reduce the
conservation podential of remmant natural areas. Larps natural arcas, including nature
reserves, are also villnershls to external disturbance (Janzen 1956)




Linkages in the Landecape

The effects of extemal disurbance can be countered by a range of actions including
) = K

« ronitg of land uses and the prohibition of certain forms of land use close o imporan
naturel Areas;

* the use of buffer zones around conservalion dréas to minmmize the mmpact of extornal
infliences on the natural enviromment:

management programmes 1o contrel the numbers and impacis of pest species of plants
pintrodisced species, invasive weeds) and animals {predators; compelifons, pargsites].

Promote connectivity of natural habitats to counter the effects of
isnlation

The JarCaisHG of  heabtal I-'“!"Frl,l."-l:'-.'llll"fl'- that enhance l.'“:ll:m.'::[inl:.- within |IFI'=_II'I'I|"'IT:'|:|
Iandecapes directly counters the detrmmental eftects of isolation. Linkases have a number of
taajor benefits (Table -3, They assist the movement of individual andmals through otherwise
inhespitable environments, including wide-ranging aninels, migmtory species and dispersing
individusle. Dispersal movements betweon fragmeands can benefit declining populations by
supplementing small populations before they disappear, ar they allow opportunities for habitats
b be recolomzed should Jocal extinction occur. Linkapes also assist in the contindgity and
mamdenance of ecolomical processes, especially those that deperd on amimal vectors, such as
pultination, seed dispersal and peedation. Different types of habitat configurations that promote
landscape connectivity have been described 10 Chapter 4, and varioss forms of land use that
funchion s connecting kabitats were reviewed i Chapters 5 and 6,

These four 'r'l.'I!-.'."I..\l rexpomses sel the context in which 4-"\-"11""--"|'-'i'-:|: has & e i the
conservation of wildlidfe in fragmented landscapes. Promoting landscape connectivity is bt
one of a namber of general messures that can be inken o enhance mlEre conrervilion
Clearly, linkages that restore landscape connectivity are nod a universal panaces o unigue
solution 1o ecological problems arising from hahiat loss and fragmentation, In practics,
conzervation strtegies often employ all four mesares, witly particular attenfon given 1o
|-.’.“I:uir|:r|!.': andl :J-.p:lu:inu_l the arez of protected nitursl hahatars, Indead. & strdegy |:I|'Irni11'||‘_f
based around developing linkages which does not alss sddress the pead 1o moximize the ares

of protected habitat, to manage the quality of habitats and to minimeze external disturbances,
1% dhaficiem

Promoting londscape connectivity does, however, have o distinciive role: it allows &
fundamentally different approach to nature conservation i developed landscapes. The first
three measures outlined above are each hased on improving the conservation potentinl of
imdividual arcas of habitnd, However, where there {5 effective connectivity, these is the
Opparunaty 0 achreve conservasion goals through fnked systems of habitar, Multiple tracts of
habitat that function topether as an interacting system are & more offective means of
conservation than a smilar set of isolated tracts (Fig. 8-2). Thus. the distinetive role of
COMMECHIVILY In @ conservation strategy 1s to ‘tie ingether’ habitats into a linked systemn 1o
restore the natural flow and interchange of plants and animale seroes (he lamdscope. The
concept of linked systens of habitat for nature conservation is developed further in the context
of in ivegrated Eandscape approach 1o conservation
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Fig. B2 Isolnted reserves or haldiais () may bave limited pofentisl for long-term conservation
of populotions wnd communitkes on thelr own, bot this may be greatly ephonced if
they funclien ns pari of an ntegrated gystem ih)

Linkages and an integrated landscape approach to conservation

The traditional approsch 1o nature conservation has been based on selecting and managing
greas a4 reserves of one form or another. These are vsually satonal parks or simnlar reserve
estepories in which nature conscrvation 1s given high pronty; of, in some cases, other types of
rescrves in which conservation goals must be balanced with other forms of fand wse: The
fypical patiern of reserves i3 that of & set of separafe parcels of Tand, scattered in location
across o particular regron or country, and representing @ mange ol diffarant ecogystems. 4
HIOWINE VIEW AIMNE Conseryaiion bialogists is that & reserve=hased approach, onits own, will
nat be adequate to ensure the long-term conservation requirements of the native flora and
fauna. Substantially increasmg the nurmber and extent of ressrves is an important step, but
even this (if it can be achieved) will not be sufficient in many regons

There is widespread recopnition that m many regions it is necessary fo exiend the
reserve-based approach and find ways to enhance nature conservation through management
of the whole landscape, The concept of an integrated landscape approach to conservation has
been advocated by workers in a range of different contexts and in relation to different types af
daveloped landscapes. This includes discussion of conservation planning at regional snd
national scabes (Moss 1983, 19932 Moss and Harmis 1986 Cirumbing 1994; Forman 1943,
conservation in landscapes dominated by forest production (Hamis 1984, Bissonette o al
1991; Morton and Lindenmayer 1991: Franklin 1992; Miladenofl ef al 1994); nature
conservation m exiensve agriculiural landscapes {Hobbs and Saanders 1991; Hobbs e al.
1993 Mclmtyre 1994); and conservation of biodiversity in intensively-managed cultural
landscapes (Harms and Opdam 1990; Jongman 1995; Kubed 1996), An integraied landscape
appeoach to conservation i also smportant i the context of polential future change in the
global climate in response to changing levels of CO; and other *greenhouse’ pases (sce
Box B-1).
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Box -1 Climate change and the role of linkages

Ihere 35 increasing concern that anthropogenic changes to the composition of
atmospheric gases may have significant impacts on the global climate, The presence of
carbon dicatide (CO;) in the atmosphere contributes toa natural *greenhouse! effect, due
1o the atmesphere absorbing some of the encrzy madiated from Banth's surface, thus
maintaining warmer conditions than if this enerpy oll escaped. However, increased
levels of T and ‘other ' greenhonse pases” {such as methane and chlorofuorocarbons]
resuling from the buming of fossil fuels, deforestation and other activities, afe
predicted 1o enhance the greenhouse effect and warm the Earth's surface over fufure
decades {Peters and Durling 19851 Such global warming is likely to cause a range of
secondary effects, including changes in precipitation, winds, sea levels and ocean
CAITTETAS.

There is mauch uncertainty about the [tkely rote and magnitude of greenhouse-induced
climate changes. especially at regional levels, but it is clear that there is the potantial for
tignificant impact on the status of flor and fauna throughout the world (Peters and
Dricling 1985; Brereion of af, 1995 Hobbs and Hopking 199] ) Amalyzes of the climatic
profiles presently occapeed by plant and animal species, compared with future climatic
condiions under varous scenarios, suggest tha the present peographic distributions of
many specics will be climatically unsuitable within a relatively short time {e.g. Brercton
efal 19%5). Ifsuch changes eventuste, survival of species will depend upon their ability
to adept 10 mew chmatic conditions, or their capacity 1o shift their geographic
distribution to track suitable climates, Those groups likely 1o be most affected include
geographically localized taxa, peripher) or disjunct popubitions, specialized species,
poor dispersers, genctically inpoverished specics, and montane and alping species
i Peters and During 1985).

It haw been suppested that lnkages may have an important conservation role in
response fo climate chafge (Hams ond Seheck 1991 Hobbs and Hopkins. 1991; Noss
|93}, First, in some situations linkages may assist plant and animal spRecles Ko extemd
their geographic range to track suitable climatic conditions, However. greal cantion is
warranted before concluding that linkapes will fulfil this rale,

* Formostspecies, especially plants, the mte of range cxpansion required to respond
to projected climate change is much greater than that ksown to have ocourred
fistorcally or revealed by paleoceological analyses (Hobbs and Hopkins 1991
Moss 1993),

Range expansion may be limited by ecological or anthropogenic factors desprte
the maintenance of seemingly-suitable Iinkages: For example, climatic conditions
may hecome more suniable in adjacent arcas; but differing gealogical substrates
and soil nutrignt levels may be unsuitable for the plant sneécies concemed

Many species are dependent on complex ecological interrelationships with other
plants and animals, and consequently on effective mange shift would require
migration of mssemblages of co-adapted plants and animals
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Box 8—1 (cont.)

= The ,_'-:_:n:||;r_1|'||‘|:-:_: location and necéasary. dirensions of linkages for swch baotec
migrations are nol known, but i 86 hkely thae vast tracts of contineons natural
kabdtat would be requared

Linkages across elevationnl gradients are those most likely to facilitate effective
range shifls because the peographic displacement needed to track climate change is
miuch less than at uniform elevations |

Second, linkages have s potentially smportant role in countaring climate change by
maintaining the continuity of species” populations throughout ther preseas geographic
range, thus maximizing a species” ability o persist within those parts of its range where
climatic condlitions may rermain suitable. Redistrbution within an gxishng mnge 18 mdaore
tensyble than mn e thifls 1o new arcay.

Third, linkages also have o mle in countenng climate change by mterconneching
existing resorves and protected press in ander to maximize the resilience of the present
conservation network, Those linkages tho: mamitam large contiguous habiiats or that
mintain continuity of several reserves nlong an envirommental gradient ane Likely to be
most valuahle in this regard. Large populations and those that span environmentally
diversa areas are likely (o kave greater demopraphic wd penetic capacity 1o respond 1o
changing condtions

In the light of present uncertainty about the nature and magnitude of fsture climate
change and its potential impacts, 11 appears that maintsining and restonng finkages are
prudent messures that have conservation benefits regardiess of the exsol pature of
impending climate change.

Bafura discusgimy further the clements of o ntegrated landecaps  approsch, i 1%
appropmsts o outline some of the limitations of & comsery atio strepy I'-'flﬂ'li“'”‘i' depe ndent
an dedicated conservation reserves,

Reserves do not represent all natural communities

Muture reserves rarely provide a balanced representation of biological communttics within i
regian of country, Areas sel amide for pature comservahion are often thoss on the beast
productive sodls, on steep slopes snd mountain ranges, or in areas such as wetlands where 1t 15
difficult to wee the Jand for agriculiture or sther scomcamee produchion i Leader-Williams-ef al
190); Pressey 1994 Pressey and Tully 1993, Biologeal communities on the most fiertile and
sccessibic pans of the landscape usually have been greatly transformed and are poosly, ar wol
at ull, reserved. This fack of {or limmately :.L-|'||_.:_-;:ntu‘.5|:|n means that thers are LY FI!:JJI'! and
animal species whose populations ocour mainly or wholly autside resarves

T mcorporats poorly reserved communities ifa regionl reserye AYALem may pose gredl
difficulty because of financial costs, because the kand & commitizd o other uses, or because
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the nature of the habitot (zuch a5 numerous small fragments amonest farmland) docs oot G
within appropridie réseree definitions and regullations,

Maost reserves are too small to sustain viable populations and natural
ecological processes

Bescrves vary greathy incsize, Some well known reserves such as Yoellowstone Mational Park,
LI5A, Gir Sanctuary in [ndia, and Screngeti National Park in Tanzania, are relatively Iarge
| ErC-aLCT than ||::|:i_':|‘i|1:||'.il_:l bt this i5 mot typical of most reserdes. Few nature reserves are of
sufficient sire to support visble populations of all of their indigenous species of wildlafe in the
long term. Large predators are a particular test case, bt species with specialized foraging o
habitat requirements may also require large wrcas to sustun viable populations. Estimates of
the area requirements for viable populations of predators such as Grizzly Bears, Wolves,
Cougars, or [arge forest ruptors, suggest that even the largest Teserves in some countries are
unlikely to be sufficient in their own right {(Sullivan and Shaffer 1975; Thiollay and Meyburg
1988 Beier 1993). Already there is evidence of the loss of species in major reserves in Morth
America, even though not yet fully isolated (Newmark 1987, 1995). Predictive models. such
s thase for some Afncen reaerves (East 1951; Western and Ssemakuln 19817, suggest furthes
species will be lost simply due to insufficient size, regardless of additional pressures such as
poaching or habitat degradation, If large reserves cannot meet the challenge of maintaning
wizhle populations of all species, there is little likelihood that the majority of smaller parks,
reserves and profected areas will be sufficien

Further, for reserves 1o conserve entire faunal aesemblaees, they must be of sufficient size
o allow natural disturbance regimes, such ms fire, windthrow and flooding, to contimse
without eliminating species. A& “minimum dynamic area” is defined zsthe smallest ares with &
mwtural disturbance regime that maintaing intemnal recolonization sources [Pickett and
Thempson 1978y Wildfire. for example, may burn a large portion of & resorve, but if the
reserve i6 sufficiently large there will always be unbumt sreas to asct as sources [of
recclonization. In contrast, small resesves may be entirely burmed and pofrslaticons eliminated
(Fig, #-3), In addition, some species depend on particular stiges of vepelation succrssson
following disturbance, so reserves must be adequate to maintain an array of habitat patches ol
differemt successional stapes. The area required to meet this goal desends on the comtext of the
reserve and the type and sowee of natural disturbances (Pickett and '|'|-._-,n:_1_.5__-‘_“ 1978 Baker
L992; Forman 1995). Typically, the minimum dynamic area must be large in relarion to the
& distarbance siza.

Uther disturbance processes of human origin, such as acid rin. rising saline groundwater,
wildlife-epidemics and the spread of pest plonds and andmals, all operate | scales greater than

most conservatlon reserves and potentially can disrupd naturel functiens over entire reserves.

Movement patterns of animals frequently cross reserve boundaries

The mevement patterns of many snimals repularly cross the boundaries of nature resarves. If
the habitats they use and the resources they obtain outside of a reserve are ultimately lost

through lack of suttable management or protection, the effectivencss of th reserve is greatly
dimanshed [Box 32k
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Fig. 83  For the lenp-term eonservatbon of Nera and fsums, reserves must be sulliciently large
to withstand majer disturbances and to maintain internal soprces of fecolonization
Smaller reserves or paiches af hatdiat may he entirely disturbed,

» Some species repularly use feeding, shellering or breeding resources that occur in
markedly different habitats. Common Bent-wing Bats; for examphe, occur i caves of
phandoned mines ih o number of conservation reserves in Victona, Australia, but do not
breed there. Reproduction of this species 1n Victoria is known from only twe sites,
neither within conservation reserves, where there are caves with suitable microckimatic
conditions (Menkhorst and Lumsden §995)

« Many species underiake annual migrations between altitudinal zones or geographic
locations, from several kilometres to thousands of kilometres apart (Chapter 4). A
reserve may protect representative breeding habitat for such species, but non-breeding
habitats in other locations may lack any protection

» Other species undertake imegular seasonal movements to explost resoutes that are
patchy in space or time. Animals that fieed on nectar, fruits, or serds move in response o
the phenologies of the host plants and the vanibility in fruiting and seed sct between
vears. Momadic waterbirds 10 dry regions move iy FERpOn&E (0 rainfall wnd flooding
patterns, In environments with unpredictable climistes, such sz and and tropical
Ausiralia. these movements mav be highly variable and result in massive pepulation
movements across reserve boundanes (Woinnrski ef al 1992)

» Far specica that occupy shori-lived or rapadly changing habitats, such us early seral
stages in vegotation sugcession, whole populations may shifi in response to the changing
quality of hahitats through time (Thoemas 1994). Movements fo ‘track’ new arcas of
suitable habitat may ke populations into and out of reserves, depending on the dynamc
nature of the habitat,

ial
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Box §-2 Migration pattern of the Resplendent Quetzal in
Central America: implications for reserve design
and conservation

| The Resplendent Quetzal is a large fruf-esting bird of the montane tropical forests of
Lentrak Amcrica. that has o complex pattern of seasonal migration between bow and high
alevabon fosests. To dentify forest habitats iirportint for the surival ¢ i guetzals, pndin
assess the adequacy of exisling conservation reserves, movements of individual birds
were monitered by mdio-telemetry throughoul their anmunl evele in montane forests of
Costa Rica (Powell end Bjork 19953

Quetzals were found 1o nest at elevations of 1500-1800m on both the Pacific and
Aflantic slopes of the montane forests of Costa Bica, largely within resarved areas
issociated with the Montevende Park. After breeding, individuals moved to the west
dawn the Pacific slope where they remained outside the reserve system for 3-4 months,
ﬂ‘"dll‘lg in friting trees in smiall forest frgments Subsequently, they moved across the
range to foresta on the Atlantic stope, also mostly outside the reserve sintem, where they
foraged for 2-3 mofths before returning o their breeding ares, The reserve comples,
Elirhl.'ll.lgh relativaly larpe (preater than 20,000ka) and encompassing ther known
breading halatat, was not sufficiently exbensive 1o encoednpiess all alttudinal zomes used
by the birds during their complex migration ( Powell and Bjork 19951

Following this research, extensions were made 1o the reserve system on the Atlantic
slope to incorporate forests uied there by the Resplendent Quetzal. On the Pamfic slope,
profeciusm of habitats by reservation s difficull because almost &l laml 55 im0 private
CFW 1I|_'|‘H|'Ii'|". st |_'|. small L::.al-r[.' larms; and the foresds gre ]‘1{3“::.,- fmgn-"_-nn_ﬁif_ Given thiy
difficulty, Powell and Bjork (1995) recommended that effons be made to gecure a
patchwork of inferconnected forest frapments along streams and steeper slopes that
together could function as a system of suitable habitat,

The complex migration pattem of the Resplendent Quetzal, a ‘Rapgship’ species for
conservation in the region, clearly Hlustrates the need for reserve systems to ENCOTPAsEs
the full range of habitats required throughout the life oyele, Whese this 15 not possible,
such as in the Pacific slope forests at lower elevations, the reserve svstem must be
| eomplemented by ecologically linked habitats 1o allow animals to maintain access to
seasonally-critical hobitat resources

Reserves are not isolated from surrounding land uses

developed lond’, While this analogy has some illustrative value. unforiunately it has n
fundamental weakmess (Wiens 1995}, Unlike true wslands surrounded by water — an
inhaospitnble covironment to ferestrial plants st animals — resarves ire surrounded Iy
mcxdified and varied land uses, stocked with their own Mern and fauns, Thus reseryviess are ot
isoluted by an ecologically neutral matnx: they are subject 16 2 host of pressures from their
srmounding environments becasss movements of snimals, wind and w

Conssrvalion reserves ars l'r-:quu-lrl;-' portrayed as “islands of rofural hahitat within a seca of

aler (ko not stop ol
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reserve boundanes. Reseree mummaperseEnt, [STRTEANET :_'l.";.;l;l'.‘l.'lﬂ_r dehes S0 al the reserve
boundary, bocagse reserve Manigers hive Tittde or me authenty 1o inflieonce land uses and
managemen! practices on adjacent tands. This means that reserve managers have little capacity
fo coumtemat seodogicnl procesges anixlde the resere, that may ultimately cletetmne the fate ol
ecodopical systems within the reserve. Reserves can not remain as pristing, self-sustarming
envirgnments when they are surmounded by degrading or unsustaina®le land uses.

An integrated landscape approach to conservation

The unclerlying premise of an integrated landscape ..'||1|'|r\-.:..1|.'1| b congervation is that the foous
for conservition plann:ng and managemeol must axtend |'|l.",-|:-u:i the boundanes of nahure
reserves fo encompass the whole landscape. Long term congervation of native flora and fauns
and the maintenance of natural ccological processes, can not be assured by depending solely
on lands dedicated to nature conservation, We must find creative ways lo develop networks of
habitat across “reserved’ and ‘off-reserve’ lands, that together can funchon as integrated
systems of habitat for conservation of biodiversity

This is not to downplay the valoe and signmificance of conzervation reserves. Far from il An
integrated approach 15 not a substitete for national parks and ather protected arcas m which
mature conservation is the primary managerment priocity, Reserved areas, representative of all
nutural ecosystems and commutied to the conservation of native hiodz anl the maintenance of
natural ecologicsl processes, are a ctitical component of strategies. Rather, this approach
buildz upon and extends from the reserve system to include other parts of the landscape.

An imtegrated landscape approach 15 relevant in a range of situations where conservation
reserves are few, sparsely distributed or inadequate Tor effective long-term conservation. For
example, in countries with an iscreasing human populition, where Land uze i3 dominated by
apricultural and urbon developrments, and there 15 intense pressure on dwindling natral
environments, conservation will largely depend on the capacity 1o consérve species within
cultural and agricultural emvironments. 1t is also relevant in spamsely populited regions
dominated by clearcd agricultural lands or infensive production forestry, with few ar no
comservation reserves. Here, the challenge is to integrate conservation of biodiversity with
sustainable management of kand for food and timber resources for the human population

The concept of an integrated landscape approzch to conservation can be applicd at a range
of scales, from local conservation plans to negicnal or national conservation strateges | Box
B-3), It i useful to identify & mumber of commaon ebements in this approach (Table 3-1).

Table 81  Common ebements in an Integrated landscape approach to conservation.

Plan ot broad spatial scales

Protect kev areas of naiural habitat

Wiximize conservation values across o vanety of land tenures
Maintain and restone connech vity

Integrate conservation with surrcunding tand usas

i
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Box -3 The Wildlands Project: networks of habitat at the
continental scale in North America

The Wildlands Projéct s an ambitious conservation (nitiative that seeks @
ransfomnation of the North American continent over the next century and beyond, 1
anses from concemn over the failure of extsting conservation reserves to aclequatcly
protect the Baodiversity of the contingnt, the continued decline and endingerment of
many species, and the Iess of wildemess (Foreman el 1992 The mission of the
project 35 to ‘help protect and restore the ecological richness and native hiodives sity of
MNorth Amenca through the establishment of a connected syslem of reserves' . and this
will respoare *the tecovery of whele consysiems and landseapes in every region of North
Amenca' (Foreman of gl |92

I'he conceplual hasis of the wilderness recovery grategy advocated by the Wildlands
Project 15 & centinent-wide, interconnected system of feore reserves” curmoundsd 1]
‘butfer 2ones’ and linked together to maintain functional connectivity of populations
ind tcokogical processes (Moss 1992), Core reserves are envisaged as larpe ancis,
strictly protected for natwre consenvation, thar together encompass the range of
eeolagical communities and habitais in each region. Balfer sones are sreas sumoundi nge
core reserves in which human activities consastent with the mointenanee of biodiversity
are allowed. Linkages are required at multiple spatial seales to connect the reserves and
LT mite a functional svsbem. These b nks may rge from local commection: bobween
care areis o regional hinkages hundreds of kilometres in length that tie regional reserve
avstems Indo & continental network ( Noss 1902}

The exient of the area recoimmended fog inclusion in the wildemess rocoves ¢ etwiork
i% enormous. [t s suggestedd, for =xample, that 500% of the bind area of the 115 A shoarld
eventually be mcorporated in core reserves and inner zonas of linkages {Noss 19923,
Estimates of the sizes of core reserves are mainly based on the area recutred o sustain
viable populations of large carmivores such as the Grizzly Bear. G ay Woll, Wolvering
and Cougar - specics with the preatest ares requirements for conservation

At present the Wildlands Project 1s largely a vision rather than o firm sfralegy,
although preliminary proposals have been advanced for wilderness networks i Feions
swih as the state of Flonda, the Adirondack Mountains, the southern Rocky Mountains,
anil the southerm Appalachians in USA (Medelores [993: Mewman ef af 1992: Maoss
199l Soulé 1995). It is intended that regicnal strategics be developed by local proups as
gradunlly amalgamated into a continental siralegy
The time frame for the project is conures,

ar ol a '|'||_||:|-,|.'|'| lalr' ;|_|'|!:|r|'..1|_'|1_ and
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Flg. B4  Disgrnmmatic represenizgtion of the concept of core reserve, baffer zone and linkage,
that Torms the baghe template for the Wildlande stratepy. This concept can be applied
al varying spatisl seales, Adapted feom Mossand Harris (1986) and Moss (1991),

Flan at broad spatial scales

“Planning” implies & forward looking;: sirategic approsch to conservation, rather than a
reactive ar ad hoo response (o changing land uses. Planning 15 an essenbial part of anincegrated
|&I!.-L'|:~_r.'up|; .1ppmmh because the primeary objective is (o achieve congservation poals within a
mosaie of multiple land uses

Ihe “landscape scale” aspect of the approach is necessary to ensure that the planning
framework is large in relation fo the wnits of land being managed. A broad perspective is
mecessary so that the planning process takes inte account the wider ecological and social
processses that shape and modify the natural environment in the particular study ares. For
example. management of bushland reserves or remBants of native vegetation on farmland in
the Wheatbelt region of Western A wstralia will be ‘H"'-'I.'T-EI":' lirmwted (however well plar.r;-:dl
unless there i recognition of the brosder regional context in which nsing saline groundwater
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15 kalling vepetation in lew-lving areas and removime agnculbural land from production
(Hobbs 19934; Hobbs er al, 1993), A broad planning perspective for conservation is also
necessary W ensure that pparncular system-or network of habitat ‘tieg in® with that in
neighbounng anens wnd that, infum, i complements conservation siralemnes at a broader scale

Plunning at broad spatial scales poses a challenge, because the broader the plonming acabs
the preater the mnge of land managers sl By of land tenure that must be co-crdinated 1o
achicve the overall goal, In contrast o planning, managoment activities generally occur at the
level of individusl parcels of land, To achieve effective oitcomes, therefore, cach land
manager must understand and play their part in the broader overal] plan

Frotect key areas of natural habitat

Protection of representative arcas of natural habitat for which a high priorty is given to nature
comzeryation, 15 the essemtial "hackbone’ of an imtegrated conzervation stratepy. Such arcas act
s reservonns tor the conservation of plant amd animal populations and for the mainienance of
ecotogical processes within the ooverall system. Certainly, other Isabitaty within the andscape
mosiic must also be part of the linked system, such as areas managed for multipls purposes or
tor harvesting natural resources; bt these can not uarantee the same level of security for the
conscrvation of wildlife and their habitats, Frequently, the key areas of habitat are likely to be
national parks or other conservation reserves, but it 84 the level of habitat protection that is
imypacriant, rather than the name, Hence, many cther types of protected aress can also form the
cors of an infegrated sysbem of habitats.

key arcas of habitat shoold be as large as possikle, prefembly the lorgest, most intact
blocks of halatat n.'|1'..1||'lir!jrl within the planming sone, Thess are the arcas most likely o
support diverse habitaty, intact faunal gssemblages, and to maintain natusal disturhance
regimes. The actual size depende on the scale of the system under consideration. At a local or
landscape scale, these areas may be habitn blocks of tens or hundreds of hectares in size, Ala
regional of continental scale, major nature reserves and wilderness aress least disturked by
haman development, are important key habiats. The wildlnnds project m North America, for
example (Box 8-3), proposes that major mountain ranges, such & the Rockies, Aditondacks
and Appalocheans, should ferm 'core reserves” in a continantal-scale hobitat network.

Maximize conservation values across a variety of land tenures

The idea of an mtegrated system of habiuat based entirely on aress protected and managed for
nature conservation 15 arely possible in heavily developed Tandscapes. In such landscapes,
the co-ortination of integrated systems of habitat will necessarily invalve & range of land
tenmres and uses, mcluding Tor example, conservation reserves, public Limnds designnted for
multiple wscs, natwral sl somi-natural habitats on privately managed land, and habitats on
lands managed by companics and communty o ps. Where conservition reserves are scane
or absent, it may only be possible to develop o system of kabitats based around *off-reserve’
hiabitats of varying quality. In managed forests committed 1o timber production, & system of
habitats might include three main components: seattersd conservation reserves: sites
exernpled from logging for various measons (such as sites insccessible or uneconomic b
|1i|r|'|,! 5K, m‘ar:.ln buffer .‘.[r'i|1~;_ f:'!l.lr.:‘l |'|||_'|[|_'|_'1_i|_||'| FOnELYy; and the forest et of rcg-:ncratmi_e
slands of differens sges
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Canmectivity and Comservadion Soatesy

The planning process can alao ansore that diflerent Tond temeres and wees are empdoved fna
complementury fashion. For example, semi=natural oress or areas avadlaoble for fmmed
resource extraction, may be retuined adjacent to key areas of naturnl habifat to function as
buffers to minimize distarbance from imtensively developed areas.

Maintain and restore connectivity

Laislscape connectivity 15 an csscntial feature of an infejrrated approach (o conseryation. It s
pnly when connestivity 1s sulficient o enable interchange of individeals snd genes between
different landscape compenents, thot it funciions -z a ‘linked system’ rather than & szt of
isolated habitats, The most appropoate form end dimensions: of bnkages o mamtam
landscape connectivity depends on the scale of the planning area and habitats to be linked.
surrpunding lasd uses, and the anirmal species of ecological processes concernad | Chapter 7)
A hierarchy of linkages will ussially be appropriate. An infegrnted conservation strategy in 8
predomanam |y Hg-‘i-::llllur:l regon, for example, may inchede broad landscape links between
conservihion reserves and other farge neturn] wreas. combbned with & netwark of habitat
cormdors (such as streamside vepetation) conpecting srmaller areds of habitat throughowt the
aprizuliural lands,

It is also important to identify ways inwhich systems of habitat withina particular planming
area can be integrated with those in other areas. Major niver systems are particularly valuable
in this regard becayiss they conneot habitats within a regron aswell as linking betwern regions

Intégrate conservation with surrouading land use

Im regions of heavy human impact, the remaining natural areas are inexiricably associated
with surrounding modified lands. There is a constant mterchange of plants and snamals,
mwtriends, and other materals across their shared boundanes, Consequemly, active
mEnapement of the inlerecinong between thi conssrvation syshem and surrounding land usesis
g challenging element of an miegrated spproach to landscape management.  Indeed,
recepnition of the importance of managing processes within the surrounding land mosaie, not
only within protected areas, is a istingudshing feature of this approach. Moanagemenl
mfervention is required for two mam types of intzractions.

» Where processes associated with surrounding land uses threaten to degrade the
CORSETvAlNn |1-|'|r-ur||:-_a| of natural or semi=naural habitais. Fluxes of tosic chemecals or
excess nutrients, spread of invasive plants and animals, degradation of warer sources
and imtroduction of exotic predators, are cxamples of disurbance processes that demandd
active manapement. To be effective, such management must deal with the source of the
probiem. useally outside the conservation network, mther than treat the effects within

conservalion arcas.

* Where processex associated with natural habitats impinge on-the vinbibity and wse of
surrounding lands by local peeple. For example, ereative solutions are requirsd when
notive animals (such a5 large predators amed herhivores) thresten human safety, on
livestock and crops in lands adjacent to natural habitats

Thete iz ales enorimous |:,I_-.|:.¢|-||_|_h|_ to ey |_-|{:~|:. {n:.rn'[:.l;m;:nl:lnt}' helwesn camservation and
productive use functions in the landscape through & common commiiment o sustainability of
natural resources, This may take many forms indifferent parts of the wirld, depending on th

AT
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|oeal situation. I isbazed on managing lands committed to prodection (e, mot areas protected
primanly for nature consgrvalion) in ways: that wse the fand ond sts natuml resources tor
coonomic gain, while maintaining the sustainability of the natural resource base. Examplzs
include {see Meffe and Camol 1994; Saunders o al, 1995)

= prefoction or restoration of native wvegetation on agricoltuml land to increase the
gustainability of soil and water resources;

= farming and harvesting of wildlife in a ststainable manner on productive lands;

g dr.:-.':'-nprnnm ol |=~c:|1ln|_:|-:':|l founsm programmes  hs inwel e and Sufpor local
COMITATITCS;

= sustainable harvest of forest products

Itia oe thing 10 desoribe the slements of aninterrated landscaps appeoach (o conssrvation
but the reality of developing and implemoniing such systema in an cffzctive manner is quite
anather mattes, There are many potential constraints, often relating to human attitudes -
antipsihy o conservation, leck of shared goals by mdividuals or agencies, unwillingness 1o
|.'|'|.'|r|;-;|.' traditional land uses, |'|q.".;|||.i’.a.'|:-'|q.' dhvision of econsmic costs and benefits, Tock of
peditical will, and so on

There are a growimg. number of proposals for anc integmicd landscape approach in
conservation |see examples in Chapter 9, but as yet few demonstrated examples of effective
:n1|'||:r|1r7|'.:|l|||r| are appirent Ihe foomm el etfechveness |,1"|||1k.3g|_':-' within such systems %
one of the ssnes thal reguere further montonng ond mvestigation. Thia type of approach
conservation 15 hkely o be mos etfechively implementsd in the following cincumstances

= owhere thers s commansty-wide recoprtion of the need (o respond o a particular
gnvircnmental issue;

= where a centralized approach toland-use plannig is tradtional or penemlly accepted
{see axamples 5, B in Chapter 9)

# where the land concermed = managed pomarily by o smgle agency (such as forests
[RET AR y_n.'d l'-_'r SOVETRIMCALS, S0 |.'!-::|r|||1|-.:x 16k 11 l:_'h.l_p1|.'r':h

Which linkages warrant highest priority?

Implementng b conservabion stmtery requires decisions abouwl prionhes for achion and for the
use of avislable resources. Not all peale can be achieved immediotely, There 15 always mor2
that needs to be done than there are resources available for implementation. The effectiveness
and ¢fficient use of comservation resources 15 enhinced when activities sre based on
sywlematic priorities rather than ad hog decisions, Can this approach be applied o the
development of Hnkages for conservation? How do we determine which are the mnst
important linkages to fund? Cleary. it 15 not feasible nor desirable 1o prescribe rigid rules
because every situation has o different s2t of circumstances,

The most ussiul approach s do ideitify criteria agama which proposals can be ganged fo
evaluate their relative importance. In the first instance, cotenia for evaleating priorties among
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hr.l:.ll:l.'-- kel b bazed on ::-|-.|In;_:'|'.|f values |_.'|1|.'|'|.'|1|:|1_.-, :;'r::I-n::,' decisiogs by povernments or
community organisations inglude other considerations, but-it is important that Bicdogical
values and priontics can be distinguished from non-laelogical crlecis that influence whether

or ot pesources are made available. Other criteria that influence pnonties mclude:

* the financial costs and other resources required;

* the complexity of sdmanistrative and management

tssues involved;

= the time regueired to inplement and aclieve nesailis;
« fhe feveal of COmmanly Sopport and scoeptince;
= the cultural costs and benehiis

+ fthe

The following critena (Table 3-2) peovide a

ciucational and pablicity value 1o be achicved

"'r.|r|1|.' ll'l-‘i"'IL f-l.' l\."l.'illl.luﬂill_l-: !"':IH[i'-"I!

conszrvation |1r'i||ri=.:i|.'.-. Among di feremt |-||ul_'|||:1:||:1 The issee ez 15 how r-r'.:-rl:il,:r: should be

dedermmined. nod whisther a |'|:|-I||'|.'|ar pn'iu':.-c:;.l il funetism I.'I-r.l.'-\:'ll'l'l-'l}' M f i'l'n.'nE'l::LI BEMSE
Foar the: purpose of this exercise it 15 assumed that & proposed linkage will functien asintended.

Table B-2
hiolopical perspective,

(| 'rjrcr imr,q

I Spatial scele ai which ibe linkaps maintains
ecological processes

I l.eval r.l'repl.'.rrr.u.lll'_,' [redundancy ) of the
fingage and the comnected system of hobtats

Depres of thirest 1 gpecies or conmmuminies i
the habituls o be linked

4 I'rezent cardition of the finkage [2.3.
composition ol the yepetathon, wiedd, spances

of disturkance )

5 Range of species that the linkage will benefit

&  Capacity of the linkage o provide otbigr
ecological and enmvironmensal benefits

Criteria to evaluate the relative conservation priority of linkages from a

Highest priorliy

Linkapes that mainizin naterzl ecological
proceiEes gnd the Contlmprny) af gpecesd
distribistions at the biopeographic and regeonal
scale

Linkhpes and systems of habdial thal are onk]ss
arxl vasentally irrsplaccable

Linsagees that benefit species-and commiumiticsof
thregiened conservatyon status

Linsapes where hread contimsonzs fractks of natuml
undistabed yegetation are stell presoy

Linkages that provids cofiflimully o entine
nssemblages of specics

Linkugres that provide moltple eavireamental

Besnefits wiithioul compramsmg e wialie Lo
fauna comkervation

1l
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Box 84 Paseo Pantera — developing an international linkage
in Central America

Pasen Pantera, or ' Path of the Panther”, is an mlarmai wil E:n'-i-.ﬂ:". thar aiims to pecol ECL,
restore and manape the fragments of the formerly contimucus natural envirenment along
the length of the Central American isthmus between Merth Amenca and Sotth Amenca
(Marymowski 1993} The project, being implemented by Wildiite Conservation
International and the Canbbean Conservation Corporstion with the backing of the LIS

-'"lEf'\-"-l-'-':r for Intemationnl Deve opmet, L'1--.'i-<.-.|:-;;.=\. an mierconmeciod chain of natuere

reservies extending the lenpth of Ceniml Amenen 1o reslione the farrmies hl:'-_!,r:_'|||:::rJr|h'i|.'
link between the two American continents. The project derives its name from the
Fanther (or Pantera in Spanish), which formerly cccarred along the lengih of the isthomnes
and throughout the Amencas, from Patsgonia in the south o the Y uleom in the north

The poals of Paseo Pantera ase being pursdod in severa] ways (Mansowski 19452).
By working with govermments and non-govertimental srpanzations, support is given to

bener proteciion and management of existing regerves, to the desipn and establizlunent
of new reserves, and ta the revew of reponi] conservahon stalegies, A key element of
the project vs to contnbiate to wrsninable socin-economic development of the regran, An
exn-10urism omponent = Farsad] om the |'|r1r|.'|::-|;= thig ._::_|rH|||||].' |'.I._'|n|'|r~:!- EOUrISm
provide funds for the acgmsition and management of protected areas; enhance the
coonomess of local commuamitics, ond have o significant role io environmental education
for wicitors. Paseo Pamtera aiso aims to promote intemaetional co-operation amongst
|  countries along the isthmis, pamicolarly in relation to reservation and management of
protected areas that span naticnal borderd. The seven mation Central American Council
for Emvironment and Development has propared a regiosal agresment for the

ki -

cotsirvation of "|||ld:'-';.':'-'~it_-.'. which rn."i.'w.:l'lli.l'.-\_'h thee: i of & "Central American
Biological Cormdor’ (Marynowski 19925,

Faszen Panlera 8 &30 ambiiods |.|||I|.".I::.Iv.||'-_|_l_ Il successtiul in meeking its El_lil|'-i it will
TETHIESETA i) TR wehrevement 1n II'||-:'FI1:'||||'!1I.\_I_| |_'.:'|-|_'||'||_':T_=|r|.'\-|'. |.I_'\'r CAN&ETY ALFON, d_ﬁ;j ".h'lll
have substantsol benefits for biediversity conservation. However, even if a continuous
Imk &5 it feasable i the shor term, preater profection for a chain of reserves and
protected arcas along the length of Central Amenica is jtsell a worhwhile outcome,

Spatial scale at which the linkage maintains ecological processes

Limkages that matntam the integnty of scodogical processes and comtinuty of bielogical
communifies gt the biopeographic or regional scale have s more significant role than those
operating a1 localized levels. Effective linkages at these scoles have o key role in the
msarmtenance of Bodiversity at the satiopal level, or ot an intematonal level where linkazes
rroes bordery betweeen evernl countnes (Hox ¥ 43, I_'_:-:.;.n':pl._':_t. of such |.i||.k'.1§.:|‘:'1. include agor
mver and nparan systems, foressd moantin chaine, and cotical stepping stonos Such o8
wetlands and forest blocks for migratory. birds, Regional or biogeographic linkages are
difficult or impossible to reconstrucy, and consequently lngh prionty must be given to ther
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i|_'||_"'|l|I"i:_::||li||nI Fr-c'-lrel:l'inln aned manmdermance bafore their o -::-|-u_.:'i: al |-||||::l:~|'-|t_ %l Hn:l I'I'.illilll
changes occur in patterns of biodiversity,

Linkages at the rogional and bicgeographic scale also have bonefits &t fincr scales in the
spatial hierarchy. A major river svsiem with i1 associated niparian vegetation, for example,
provides valuable habitat od confinuity within landscapes and locall anzas through which it
passcs However, for local I|r-l-c:|5__r-;!:-; the bensfrts do not @xtend 10 brooader «;u.ll:l.l ol 1 thie
s way. A local linkape, such as g forested connection between two fragments, miakes only
& lmnsted contribution o maintaining kodiversity af the regionnl scale.

The importance of spatial seale in sefting pronties for conservation mist akse be addressed
in refation to the level of responsibibity of the argamsation or govemment dgpancy concemed
For sxar |:I|:l|f. the relative conservation PrICTIty tor COMIMIRINE FE50arees fo a natiral FIPRTER
cormidor between wrban parks moa regional city will be - assessed differentiy by different
sgencics, To a national conservation agency, whose primary focusis the conservation of bioto
al the nationa] scale, this propodal will rank a5 of lower prionty than potential linkages at the
biogeographic scale or across national boundanes. However, toan urban conssrvation
authority this link may be w high prionty because it links the o major parks within the
authority’s cherter. Organdsations should give hgher pronty to linkages that will function af
thi greatest spatial scale within that organesstion™s operating arda

Level of redundancy of the linkage and associated habitats
Ecoy questions 1o be addressed in relation to this entenon inchusde;
¢ arg there altemative ways of maintaining copnectivity in this sifwation?
* 1% the link replaceable? What would happen if 1t 15 bost!
* are ather linked systems of habitat already achicving the goals of this proposal ?

I'be highest prionty for conservation must be given to those situstions where there are no
firasible alternatives for matntaming connectivity, where the loss of existing linkages would
be essentially imeplaceable, or where no ofher habitat systems conserve this particular
commamnity oFanimals. Lower priocity (but not *ne priosity') is appropriste in situationg where
altermatives exist. Where a linkage forms part of an .::-:i-.l:ir||:: nefwork, the mepwork may stll
fumction effactively evei if one component 1s ned full v developsed

Based on this crileron, several examples of linkages that warmant high pnonty for
conservation are proposed forest finks to maintain connectivity of tropical forests in the
Eastern Usambara Mountains of Tanzania (Example 2, Chapter #): and the remaining stip of
undeveloped land that facilitates migratory movements of large mammals to and from Mt,
Kilimanjaro, also in Taneania {(Box 8-5)

Depree of threat to species or communities in the habltats to be linked

R‘EHEF'-‘{';,‘ or ['mgm:ntb' k_rﬁ\l,\'n b SpsarT threatened S or communities warmnd “:"-:Hll
consideration, Because of scarcity or restricted distribution, siech specics are more prone B0
the risk of decling or local extinction i isotated hobitats. However, protection of habatal

ool
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Box 8-5 Preventing isolation of Mt Kilimanjare National
Park and Forest Reserve, Tanzania

A rapidly ancreasing human pepulation and the spread of agnowlitural development
around the lower sloses of M Eihmanjaro i eosiern Taneada, 6ne :Z-Il:l'=:|.q.‘-h.h|'-33:-
|3;_'||;.I:|r.g the Gaunn of the M1 Ka R R M atioisal Park and Forest Reserve. All but an 8
km stnp of lund om the norb-western ssde of the meEamEain s now under coliivation, Ths
consequence is & reduction in the total area available to the wildhfe and disruption to the
movements of large mammals between the 'mountain @nd the prassiand'szvannah
habitats of the surrounding plains {Mewmark-ef of. 1998 Mewmark 1993} The loeal
extinction af twi large mommals in the national padk in the last 50 yvears, the
Ki.pspi-i-|_-_-¢_-r:|.|||: Mountain Reedhbaeck, can beatiribabed i part to theasolation of upland
habitals preveniing afcastonal moverments of amrmals from the lowlands where they ane
more common (Mewmark ef o 1991

Protechion of the remarmg natuml comdor between |.'p|.,:|nnl =="r:|'-'-':|n:1 moariand
habrtats and lowdamad prassland and sivannmah habisals is a kigh pnonity foe the regional
gonservation of the larpe mammal faune (Mewmark ef al 1991 ) 1F effective 1scation
aocuTs, further extinctions can be expected amongst moorland species which have small
populations, This lamdscape link also helps maintain connectivity lor large mammals
between the montane forests of Kilimanjars and the neareat proteciad aren, Amboseli
Manonal Park, about Miem to the derth. African Elephant move annually from
Eilimanjare into Amboseli Mational Park, and Etand, BufTato and Afncan Wild {Jcxrs
have also been ohaserved moving in and dut & ihe montane Forest {(Mewmark cf ol 1991

Cultivation and intensive settlement have not accormed in this rempming '=1-i'p- ot Tamsd
because i has béen usad exclusively by the Mansal people for traditional pﬂ;-.p;nr,jl
activities: Al the request of the Maasai, who wish tocontinue using the land, the comidor
has been nven prfected area states under Mondubh Dismet h_‘:.'l:-lﬂu,.'\-\. A Mewmnark.
pers, oomam.). Cultivabion has been banned but traditional Maasai wses, such as the
collestion of firewood und grazmg of livestock, are currently permiticd, The historical
and currend seasonal use of the comidar by wikdlife suggests thal these iediional
praciices. are compatible with the: comservation goals (Newmark 1993), The greatest
challenge to the managenwent and maimtesance ol this landscape Iink will be to ensure
thmt further coltivation and. sesthement do not inerementally. erodes and sever thas
fernaming connechio.

mkages o mmprove connectivity 15 not always & strightforward conservation solution ine

caretul consideration must be given to-several idsoes

* lgthere reasonable evidence that provision of effective links will counteract the causes

af rarity and threstened status? There i little justification, for example, in giving high
priomty fo linking pomilations of a threatened species when its dechne 1= clearly due ta
hunting, poaching or other dircet causes, and not related to isolution and fragmentation
ol 1% hakatad
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= Will the propossd linkage be effective in promoting movements or re-gstablishing
population continuity? By virtue of its mnty, it 18 likely that sech o threstened species
may have specizlized food or habitat requireiments, or may be sensitiee o the predence of

i ||.|'|L'I.' "'il'll\.'l::IL"\-i.

= s existing knowicdge of the distnbutron of the specics sufficient to defermine the most
effective location for imkages fo other populations or to rutable habitats?

On 2 positive node, the presetee of one or more threatened specied (especially high profile
n'.,1n1|n.||5] 1% |||-;-:_'I:_.- {o aitract additional |'|'.n|!|1-.J.-_ 1o that available frodn u'-:iﬁllr.]; crmservation
hudrets

Present condition of the linkage

Tracts of natieral vegetation have greater conservation pelential as linkages than compazable
areas of land that requdre partial or major restoration of their vepetation. Restombion of
habitats feguires lime Tor vegetation comimunitics (o deévelop, it 15 resoarce-imtensive and
I.'-C:hl.l:.-'. am<d may not F-ui:'_-.' restone oll componants of te habitst to a natoral condition, ngh
prionty should be given to beoad iracts of existing natural vegetation, especially those having

mmimial disfurbance .}I._':rll-: the t:llgw— or within the tract
In determining priontics amonjs altemetives it valuabla o -assess
= ‘the degree of current vegetation cover and naturalness;

= the repregentativensss of the current vegetation in relafion to other haibiiars i the inked

SysLem

= the requiterments for habitat restoration and the timescale mvolved Tor habitais o
Trsdnire;

= the relative widih of vepetation and the number and location of Fr:.'llﬂl'lrlﬂ sources of
disturbance

Range of species that the linkaze will benefit

This critenion assesses the relative prionty for conservation based on the mange of species that
the linkape benefits: In general, Hokages that enhance the conservaiion status of groups of
specics {such az woodland-dependent birds or arhoreal mammals), or etire commumities of
gt mals should receive higher prionty than those that funciuen for ane, or only a few, Epeciss,
Clearly, this criterion must alzo be considersd in conjunction with that evaluating the

-_'|.l|wﬂrl.':|.l'ir'-'1 staties of ::ngH !-Crllll::iﬂﬂ.

Linkages that are effective in providing connectivity for whole assemblages of species
leve numesous sdditional benefits. Such connecting habitats arc usuafly broad landscape
links, comprise natural vegetation, encompass & rangs of habitat types and have limited
dizturbance (see Chapier 91, These tracts generully have great value as habitats in their own
right wnd fulfal other roles m the ecesystem. Linkages that function for enfire communities are
also more likely 1o facilitate continuity of ecalogical processes among systems of habytats.
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Capacity of the linkage to provide other ecological and

environmental benefits

Linkages that provide o range of envirenmental benefies, without compromising thedr rele of
emsuring connectivity for wildlife, must attract o higher priority thin those that have a cingle
purpase, Streamaide corridors are particularly importznt in this regart
links-also have numcrous benefits {Chapter 6. Addional benefits 1o be pmned whilzs slso
ude:

although other bypes of

ARSI SHAE W ildlifa i
= provision of hitbdtat for plant specacs and cormminities,

= reductionian 5ol erosion dus to reduced wind speeds, bindmg of sotls by vegetation, ksl
micdi ficaton of water flows;

« muntenance of stable hydrologieal cpcles throogh  proundwater  transpiration
modifization of fiows of water across the ground surface, and infiltration of water mte
the soil;

« maintenance of waler -.|-.|.1.||I.:1' |'|:.- |::||I'r'|:|||']: s of nuinents, particles and chemmcals o
BITERMS; Provisien of nutrents o sireams o comdrbule i Ak food wehs

By cominbuting toan misgmied approach to environmenal manapement, such linkages
nlza have benehis i terms of efliciency m land management and the use of conseryvation
retamrves, They ame also hkely to sttmct suppodt from a wieder section of the community and 3
brosder range of land manggement agencies, ond are open (0 more divesss sources of Tunding
Community groups and management authonfies that do not have a direel siterast in wildlife
conservation may suppoert such inttiatives because of the ather environmental benefits that
they recognize (e.g. Mchecly 1987)

Checklist of issues for planning linkages

The following piants sumnsanize

a nammiber of the ieswes discussed previously conceming the
design and manapement of linkages and their inclusion in conservation planming. The list may
at Tirst geem dawnting, and in most situations answers will not be readily available to many
guesbions, MNevertheless, the pirpose of the checklist is to stimulate a cheeper consideration of
relevant ssiet by land managers who are developiog plans to profect, manage, or restons
linkages: These poinds refer most dircctly toa proposal for o hobatat cormidor, but are equally
relevant to other habitet confipurntions intended o achigve connedhivity

What is the purpose of the proposed linkape?
* How would yvou describe the parpoge of the nk and its likely benofiis?

» What is the size and conservation value of the habitats béing linked? Are they actively
managed for conservation? Are they secure from future clearing or disturbance?
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What is the current status and temure of the linkage?

* |5 [nere exising natuzal l-'l:'b'li"l-il[i-‘.-ll. secieons of VEECIEEOR, O B8 ReCONSEICENm of the

visgatation fequirad?

* Whai 18 the tenure of the land and the current management objectives? Are the Tind

DWTIERS O MAnIgemeni wtithontes hikely 10 he H_‘;-l'l'.r.ﬂlhl'!ll' !

= g it a single link betwesn two areas of habitat or part of 2 petwork? Are there alternative

Inikages or 4 simele sption?

« What are the pr-;l-;l:_."s,n;:,j dimensions and shape of the hinkare? 1= the widih sufficient to
counternct :'11|_:r' distirkances?

Which species is the linkage intended to benefit?

= luthe linkage pnmarily intend=d for o single species oF for a growp of species? Can you
list the species that are cxpected 1o benefit?

= Dy these species presently oceur in the habitat areas connected in this wayt! Are they
secure populations? D they presently occur within, or use the habitas in the link=ge?

« Will the species comcemed primariy s the hinkigs a5 a habitat to live in, or a5 a
puthway for movernent? What types of movements i it likely o be used for — daily,
seasonnl or annual movemenis?

What are the species’ requirements and how do they relate to use
of the linkage?
Fuai o I|'_'-|L |"n.'|: withuiy the link:
* Are their requirements for food, shelier and breeding presently avilable within the
linkaga?
* What are their requirements for space and how does this relate 1o the proposed wedth'?
* Aue they villnerable to particular kinds of disturbance?
For species that move through the link
* Are their requiternents for nefuge and food dunng movement available?
= Will they find and enter the hinkage?
What is required to make the linkage functional?
* What actions are reguired 1o establesh secure land status for the linkage?
= Haz the scope of the work, the cost and the effort required besn estimated!

* Does management of the finkage complement other land-use strategies or conservation
stratemies!
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= ‘What management and sestaration 15 reguired to make the linkage functional?

What management iz regquired for long-term maintenance
of the linkapge?

= Wha is responsible for ongoiig managermant?

* Are thers J.:_’In|:|:|.|= resounes |pr|-|'||i.". with melevanl skills, foances) for angomg
management’?!

= Aprdthere any land uses or pregsures that will regult in disturbance and degradation of the
wegetation and habitaes!?

= [ thenea pead for TN g e ol mtroduced planit= and animals?

How will monitoring be carried out?
= How will the success of the Ilnk:!_l_!_\-t' be evaluated” What are the critera for success?
= Has p monitonng progoam besn plarmed” Who wall carmy it cut?

= What sz the trme scale over which monitoring will be caried out and the linkage
evaluated

What lessons have been learned that can help others?
= Were there any unexpectcd ouicomes?

* What were the greatest challanpes in carrying out the work and how were they resolved?

Summary

Promoting kaldiol configurations thar enhance conmectivity within developed landseapes is
e el fonr gencral measwres that can be saken o counter the £ffects o kabitar Fagmentarion
and isolation on wildlife, The distinctive aspect of this measure @5 that it provides the
ppportimy o gohicve comvervation goals through maragieg lnked syctems of halbitar, rarker
than single blocks. Limitations of o reserve-based approach fa conservation suggest that such
vinke systems snouia exend beyond reserve immndaries and encompess kabiaes frougkoul
the lardseapre. An niegrared landocape dpproach o Rl Conserveiion requires plamming &
oo spatial feales, pratectlon of key areay of kabilfal, co-ordimation of conrervation valires
deross famd feniires, malntengrce grd restoration of landreape conrectivity, and nfegrasion
o corservation with swrrounding land uses. Decizsions about the reladtve pricrity to give o
linkages are facilitated by evaluating criteria concerning the ecological context and proposed
furction of the link. A checklist is provided as a veminder of the many ssues imolved in
FHCCTESHE pranming and saragerment of linkages fo maintain londscape connectivity for
Wil



9 CASE STUDIES OF LINKAGES IN
LAND-USE PLANNING AND
CONSERVATION

Arcaund the world there are many =ituations where projects fo protect and manage linkages am
undensay, or ‘where links and petworks of linkages have becn proposed as pant of
comservataon strategies. A number of such examples kave been presepted in provious
chaptars, This chapter présenis further case siudies to illostrate the way in which thi
profection and manngement of limkages to ephance landscape connectivily s moving firom the
concepiunl stnpe to that of prochcal implementation th conservation strafegies. The following
cxamples have beoen selected to show the -diverse range of sihenfions - which linkages and
systems of linkapes have been proposed, the parposes for which they have been advocated,
aid their polentisl benehits for conservation. They are prouped imto five categones:

¢ landseape linkapes botwedn resaries or larpe natural ureas,
« linked systems of hobifat ot the regional scale;

* linkages in forest consenvation and minagement;

+ linkagés for the copservation of lorge mammiads;

* local netwarks of linear Bahdtats.

Theose presented have wod bean deliberately selocted as "sucoessful examples of inkopes;
P I

They represent o vanely of situnhions i which inkapas are presendl: maling, are im the

¥ repre ) ¥

process of |rr_.'|'||-:_'|11['-,'|r:|I'ir,u'|_ or are anly at the Fl:'::l|1:'.-:».E|| siagEe. T|l-.‘::-' are hased prll‘l'n'll'l[:r' o
'|:1,||'|r|ﬂ;||c:|j ntormothion oand 50 can ol porimay all of the -:nmpl-::{ati-:-s. of management amnd
implementation. Hewever, information available for some examples makes if possible to
discussthe types of challenges and issues involved m their development and implementation,

Landscape linkages between reserves or large natural areas

Thete are an |n|::|'¢:|ui!1:.._' number of aifuations where lmko s are |.'-'I-"|I'I||! eatablishoed betwaen
COmSeryation reserves or Iﬂr_gi.- nabural areas: In effect, most of these limks ::|r|.':|:|:|r BKist, T|II'-‘}'
s:ldom imvolve the re<creation of kabitat, but rather an offical mcugr-iii-:ln il designation
{and sometimes acquisition) of already-existing habitst s a link. Protecting landscape links
between reserves is a logical, valuable and effective way of increasing the conservation valuse
of reserves that may otherwise become ecologically isclated. The goal is a single, infegrated
Cofservalion area — nol Iwo separate reservies with a narmow sinp runping betwees, Hence,
such landscape imks must be expansive and encompass kairgs areas of habitat. Typically, their
wiilth 15 measured 1n kilometres and they have great valoe as a hahitat in their own nght;
justification for their protection is not dependent solely on a capacity to enhance connectivity
(Chapter &), The challenge to land-use plunners and governments in all countries is to identify
und evaluate opportunities to protect such already-present inks before they are lost and
reserves become inily isolated

e




tirkages in the Landseape

1 Mational parks and reserves in the Ceniral Highlands,
Vicioria, Australia

F:I.".'”"|'||I.'||.EJ||""|!'\- r-l-r 0R sE WAL PekETER 1N "| ko, Akixl r:|'| A, OVET r|'|l." ':|~=r LRa] I'Il_'l..:ll'l'_'?
have genemlly smeorporaied the principle of protecting contiguous arcas of habitat, o
refmining links between reserved oreas, wherever passible (g.g, Land Conservation Council
IO, 1994}, Such proposals are made by the Environment Consérvation Council (ECC), an
pgency whose pomary functien i to carry out investigations and make recommendations 1o
o ermmant with resgset o the balanced use of public land m Viclonn The process of

|:|"f.-:1||'|i|||:'|5;_ land uze for a particalas shudy area has three mmmn ]

* The BCC prepares and publishes o desoriptive report for the: study:arcs that includes
cletarled) mformation on physecal and beobopical resoupces (soils, climate, water
resoumes, yepeiation, fanaa) and curent land uses {recreation, nalure conservation,
torest producteon, mineral production cieh

» Following an opportunity for subsmigsions on future land use, from indivicheals,
CcOmmEiLY groups, govermmes de partments and other organisations, the ECC prepares
Proposed Recommendsitions, Thess also are published and available for public scnutiny,
and commmant & miled,

« After considenng submissions  on  the proposed  recomemendstions,  Fina
Fecommendations are prepared for the use of public land, inclueding vanous cutepones

ol conervation reserves, Tes e procuction areas, educational and other lansd ises, In

general, the recnmendations sre accopied and implemenied by povermment

Followmmg dehbemtions on the wse of public land in the Melboume 2 Study Ared,
recommendations’ for copservation imcluded: several examples of linked: reserve: systems
(ECL 1994},

Ash Ranges Natlonnl Park

The Ash Ranges Mateonal Park is a major conservalion reserve encompassing 73,900ha of
farest in the Central Highlands of Vicioria (Fig. 9-1) It condains some of the best examples in
the state of mature wet forests and cool iemperate rminforests. The park is based on three main
forest blocks, formerly protectéd as closed waler catchments (Maroondah, O'Shannassy,
Upper Yarma catchments), that are linked fogether to fonm & contiguous area of high
conservation value for flors and fauna, A mojor consideration i the reserve design was the
mecessity 0 protect a range of lorest fypes and ages o maintain o large contiguous area of
habitat for the endingercd Leadbeater’s Possum and other species requiting older-aged
forests (ECC 1994}, The National Fark encomgsasses mora than 20% of the known global
distritmsbion of Leadbeater’s Possum. Forested links between the mojor blocks are relatively
short and never fess than tkm wide. Further, they are embedded within and buffered by
exiensiye Rurmounding forssts used for trmber production

Dandenong Ranges National Park

This newly-destpnated park consolidites smiller reaerves inthe Dandenong Ranges (on the
south-casiern ouskins of the city of Melbourme) inio a single national park sncompassng




- i !
L-asa Shadids o Life Al B 171 L i~ TR .I'I!I'u'.'lf.'Jrfll.l' and L onrerva fios

WICTORIS IIL

o

E=3 Ash Rangas MaGonal Paik
ETS Staie Fores!

N Fomcrenls

[ Masty Prives L

A E 1} Km

Fig. %1 The Ash Ranges Natlonnl Fark ln the Ceontral Highlands of Victoria, Awstralia,
encampasses the former Marossdah, ('Shannossy and Upper Yarra woter catchmests
b o slaphe contipuous eonsqrvation reserve,

3400ha {LCT 1994). I incorporates four nataral anzas of high visitor use, linked by o senes of
smialler blocks of native vegetation on public lund, A number of the linking blocks resulted

frum o land acquisition programme by government for this purpose. They are aress of nature
conservation valug and also provide opportunities for imperoving recraational access.

Warrandyte-Kinglake Nature Conservation Link

The main parpose of this link i@ (o munizn continnty of native forest along & lopozraphic
iradient between the Yarm Valley (oa the north-castern marging of Melboume) and Kinglake
Wational Park (LOC 1994, This recommendation proposes thal a number of different parcels
of public land be manaped co-ppemtively by government sgencies, o maintain forest
vagetation between two conscrvation reserves, 8 wales catehmaont and amajor nipanan habitat
carndor. The conservation link extends for 10km eomprising blocks of land of ireegular shape
that together total more than 1400ha of habital

These reserve recommendations have several common festures. Each reserve sysiom is
based on public land, managed by povernment. Each involves consolidution of three or mone

Iy
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Foresis in the Eastern Usambars Moantaing, Tanzania, To malntaln conneelivity
nmumg the five maln furest areas (Lutindd, Mini, Mhinduro, Miinga and Amani) it |s
meceisary te secure furest blocks presetly unprotecied and to revepetate short EapE
between Torests, Redrawn fram Tye (1993), bul sulsequent clearing means ihat
further gaps are developlng (A. Tye, pors. comm.).



Crese Sranlles of Linkages i Lamd-wee Plameimg ard Conservation

paisting reserves or profected preas indo a lorger contiguows kabatar Tor the Mo and Fana
Finally, in sach case, the linksges are blocks of land of varving siee (el nurmow habitat
corridors), thet already existed as native vegetation of conservaton valos,

2 Conservation in the Eastern Usambara Mountains, Tanzania

The Eastern Usambaran Mountains in Tanzania are an ares of high biclogical diversity and
enclemasm in eastermn Africa. At least 2855 species of indigenows plants are known from the
Usambaras, of which approximately 25% are endemic (Mewmark [993), There are aleo
r-:l-aln-e]_n.- |]i.|_.ﬂ] lewvals of endemidzmi AT YaAFIOUE aroups af :n'n.'rl.-:hru.lf_':i. a1.'1'||'||'|r|_'|i;|r|;-;.
rtpl:l-t:-; and birds, The most I!'III'III":IHIEIIH:\' fch habdtatz are those ol hu_lh{:r tlevahons
(R00-1 200m), lowland forasts, although lesx diverse, also have mony mre and endemic
ApeCies

Raped clearing and loss of forest poses g critical and increasing threat to consarvation of
beodiversity in this region. Mach of the remaining tropical forest occurs at higher elevations
on the five major mountain blocks (Fig, 920, all of which were formerly connected by
lowland foresis, Severe -:J.-upln:tl:-nn of lowland Torests Ness than 15% of forest remains below
Him ) 1% ||:J.|!|111L 1 1scdation of the monfane forests ancl ’TilSI‘I1I.'!11IL11I.II1 of the ovemll
somystem. I dotul, there 15 only aboat 23, 0000s of torest above B00m elevabon (MNewmark
1953}, Forest toss also has seveére ecological and economic implications because of the
imporiance of the forests as o water catchment (Mewmark 1992 Tye 1993],

Part of the forest in esch moantain block is protected as & Forest Reserve, but long temm
constrvation of the Mo and feuna of the Bastem Usambara Mountaing reguines profection of
all remaining forests as ap interconmected system. MMuny species of binds (ope of the best
studied groupsh occur in bow densaties; especially globally-threatened species sach-ag the
Usambara Eagle Owl, Dappled Mountain Robin, Amam Sunbind, Long-belled Apalis and
Tonzamian Mouniain Weaver (Mewmark 1992 Individual foresst reserves, cnce isolated, wall
nil be adequate to sustain viable populations of all resident spegies the lostigd lerim. Loss of
forest-dependent understorey birds has already. occurred in forest fragments, with the Tevel of
specics decling dependent on fragment size and deégree of isolation {Mewmark 1991). Many
forest hirds are unable to cross cleared gaps of several hundred metres, and those able o doso
disperse across inhospitable envimonments rarely. As forest clearing procesds, more and more
species will effectively become isulated

Prodection of the Eastern Ulsambara forests as an inferconneciad aystem of tropical forest
bas been recommended, and international efforts are underway 1o suppon the Tanzanign
government foward this geal (Newmork 1992; Tye 1993; A, Tye, pers cornm.). Integral to
thiz propasal s the prodection and restoration of forested links between the five mountain
blocks s that they function as a contigeous habitat for the forest fauna. This invalves two
Aoy

* reservation of remaining unprotected forests that function both as habitat and as strategic
kinks — an urgent priority because forest cleanng contiies,

* estomation of specific linkages where forest clearing has resulted i gaps bétween forest
blocks. These are short sections, mostly less than one kdlometre in length, that require
reaflorestation
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Emprocal dota on habilat mse by foresi=dependent birds Jeas provided gundelines Foe the
dhimensions of ||-|'-4.|:_'u.- Hased on o value of twice the median distance of capture from the
Forrest fd:_:.,— for the -_||!r_|q'r'-:r|_|r¢:.- SpEClet :'].;pplr::j lourntnin Kobom) -::I:'\-l.er|| Iurthest Froan the
edge, linkages of at leagt §00m wadth are required to mamtam cennectivity of suitable habiar
Mewmark 1993, A fecommmeiided width of one kKilsimstie woild |::|'-:.|'-i;]|.' for a butfer zone

arouind i cire urea of less-dhsterbed forest,

There are u number of major challenges to mmplementimg  recommendations for an
inksrconnected Torest system [ Tye 1993 A& Tye, pers. commi 1995

= ‘the need to gain local support from gl fevels of the community, &nd to-consult with local
people nbout the most spproprate mammgement of the forest reserves angd hinkages thot is
compatille with biclagical conservation

= ihe neeed o oblam necessary povemanental support, both intermotionally in the fonm of
sufficient funding (for land scquisition and other costs), and naticnally to ensure that
s are expedited and implemenited;

= fhe methodolomeal challenge of reatforestation o restore & ‘matural” trogacal fsrest i
the linking sections that have been clearsd;

the need to develop long-term mansgoment strategies for all protecied forests
3  Pinhook Swamp corridor, Florida, USA

The Okefenokes Matioral Wikdlifs Refuge, spanning 162, 000khs across the border of the stabs
of Gieorgia and Flonda i the USA, w the langest saldlife refage in the eastern Unibed Stales
(Harmris and Gallaghee FREYL Sixteen kilometnss further south, the Oseeola Mational Forest of
65 000hs encompasses  wetlands, pwamps. and  pine-dominated uplands (Fig. 9-3)
Historically, these aréas funclioned a3 an integrated swampland scosvatem. Tn 1988, the
Mature Conssrvancy and the US Forest Service conmenced acquisition of land 1o protect
Pinhook Swamp, 2 tract of approsumately 24 D00he that spane the distance botwoen the two
reserved areas (Bmith 1993), To date some 12,000hs of land, the core of a lHnkage roughly
Ekm wide I:u.'r'n.'n.'-,:n the reserves. has been |.IIJ|L|:-E|:%.|:\-.| |:-:.- e Matuwe ";'-_:rlx.-.-:l'-.'m'u:_:g,' .'|r||| resold to
Ehe Porest Service s an addrhon to Osceota Mational Forest,

Lt owm, the Osceola Natromal Forest 5 mol large enough to support viable populations
of Red-cockaded Woddpeckers, Black Bears, or other endangered species (Hamiz 1938h)
Consolidation of thess lands theough purchase and manapement of the Finhook Swamp link
profecis a contiguous arek of halatol in excess of 250,0000a and provides a greater capacity to
sustain large populaticns of threatened specics. Inaddition, the Pinhook Swamp link has valae
as habitat for wildlife inits own nght, and also serves as the headwaters Tor the Suwannes and
Samnl Mary's Ravers {Smath 1993

The Okefenokee-Finhook-Osceots sysfem has further potential for incorporation mnto @
wider habitut network in narth Florda, linked by riparian corridors along the Suwannes, Santa
Fe and other nivers {Moss and Harmis 1936; Hamis and Scheck 1999 Smith 1993), Exfensive
land purchaze and management bo protect important habitats, io muntain aterqunlity, andas
a natiral flood atopage, has ilready commenced sbonp the Suwannee River
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Fig.9-3  The nequisition und protection of Pinhoak Swamp in Flarida maintains 8 satural link
between the (ikefenokes Nationnl Wildlife Befuge and the Osceola MNatlomal Forest,
Redraws fram Smith (1993) with permission, University of Minnesats Press,

4  Jungle corridors and reserves in the Mahawell area, Sri Lanka

The Mahaweli River Development Scheme is a major development programme in S Lanka.
The building of four new dams in the upper catchments of the Mahawel Kiver has the
ohjective of gresly expanding the area available for wrigation farming (by more ihan
LK), (MMFha | and more than deubling the capacity for electricily generation (McMeely 1987),
Because such @ large development has major environmental impacts, environmental
asscssment was carmied out as part of intemational support for the project by the LS Agency
for Intermational Development,
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5ri Lanka ineludes broad landsape nks as exteinsbons of naifnaed parks or a5 jungle
corridors between reserves. Redruwes from Harrks and Scheck {19915 with peermisdiomn,
Borrey Beatty & Song, Publishers,
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The Mahaweli basin was idendified asa biologically mch rmgion with sl least 90 endemic
specics of plants ond animials and substantial populations of large mammals, ncluding Indian
Elephants. Intensive agriculiural development and heman setlement proposed for the ares
pofentially threatened valdlite habitate as well as the hvdrological integrity of the catchments
I'.'-::-:m.:qucnﬂ_'.'. the reserve ST Was © liT.!drIl.Il_'I_J and upp:mdn:qll.ll prthsct sildlife habitats and
the catchinenls of the pevw peservinrs, Plins For the System rl1'|'|r\-.'|'I|.' crogl areat mcluded broad
landscape Iinkages approximately Skm wide s extensions of existing MNational Parks and
reserves or 85 ‘jungle comdoms’ belween reserves (Fig, 94}, The mim was te develop an
inteprated rescrve gystem that allowed the continuity of ecolopical and ewvolutionary
processes, including the migration routes of clophants (McNeely 19871

This progect was designed as an example of how development coubd proceed in & manncr
compatible with the effective conservation of nadoml resources, Indeed, the retention of
natural areas o protect walersheds and comtrol sedimentation is an essential part of the
development. The establishment of the reserve system encountered difficulbies and ilustrates
the importance of social and political factors in the implementation of ecological concepts amd
plans (Chapter 7). Difficulies with project admanistration and wath hinson between national
and mternational agencies, shortapes of traimed personnel. national pofihical terswons and
armed conflict, and entrenched views within management apencies; kave all comtrboted o o
dt]ﬁ._'.- it the iI1IFIIL'I'I‘|ElIliI.|'iI.III and effective l.:|!-.‘IE:1.iq.:dl of the ressrve Sy alem {?'-!l?-Hﬂl:]}' L9ETY.

Linked systems of habitat at the regional scale

Planming anintegrated network of habifat soross regions or entire countrics extends further the
concept of linking nature reserves and other imporant conservalion areas. In this approach,
the habitats linked as part of the integrated network mclude reserves and also off-reserve
habitazs within developed landscapes. This type of regional approach is well developed i
Enropean countries, especially those with a strong tradition of integrated land-use planning,
with scological networks recognized as an important part of the natere conservation sralcgy
{Jongman 1995; Brandt 1996; Kubed 1996), A diverse group of exarmples are presented here
16 ilhustrate this regionnl approach, 10 is potable thal sach is in the eardy stages of
implementation and that cach attempts o inegrate ecological ohjectives with socwl,
recreational, or agriculiural objectives,

Several issues require further attention as these types of regronal plans are developed and
implemented,  First, there 15 an urgent need to ingorporate’ rescarch and monstonng
programmies in these conservation sirategics to iszess the values of propesed linkages and the
ocxtgnt to which they achieve scological poals. In this way |."|-I-III1iII-5 can move from a
gqualitative basis derived from theoretical peinciples, 1o a more quantitstive understanding of
the value of different forms of linkages and how they can be managed (o enhance their
function and that of the overall network. Second, a cautious aftituds is warranted to proposals
tnvolving extensive re-establishment of linkages where natural habitats have boen cleared
There are questions conceming the capacity to successfully "ereate” habitat for wildlife, the
relative pricnity and resources to be allocated to such tsks compared with other conservation
goals, and whether existing barriers that inhibit ecological flows across the landscape can be
surmounted. Third, confimeed scrutimy must b given to the relationshap between conservalion
ohjectives and those for human recreation or productive land use, in designing regional
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networks, These I.II'|EI.'L'Ti'n.'!-\. ahe ok mecestaniy |x1|'-|;1:|.li|1||: -r'lr':!-'.l'i!dlll'l afa 'grl_'-!."l hnk' of
acimne Formn does ol aidomatically confer 8 conservation benefit

5 Landscape planning in the Netherlands

The Metherdands hos a three=-tered planning system, with nationzl, provincial and mumicipal
lewels. In 198, the nobionnl government infrodoced the Matwonal Matore Conservation Policy
Schame, in which a conservation strategy was developed that includes a Matiopal Ecolopicsl
Metwork (Chpdam erall 1995); The aim of the ecolegical setwork i3 20 reduce the impact of the
major causes of biodiversity decling, one of which 15 recopmzed as habitat frapmientation
Thare are theee maincompapents of the network (Ahem [295; Orpdam et al. 1995)

* oore natune Aresd — lspe areas which are significent landscapes or wildbite habita

¢ maduse development areas — farmland arcas in which natural enviromunents are 1o be
reschored:

¢ eofridor Bones — linkines bebween the core areas and development areas.

I'he. spatinl stradegy for the Matonal Ecological Network 5 1o protect, buffer and fink the
core arcas and nature development arcas Tor the enfire Metherlands, including linkapes across
mational borders with similar aress in Geemany and Belgium {(Ahern 19955, The provincial
evel of plunning sets out the ecological network in preater detail, and also co-crdiraies
municipal fevel plans 1o ensure conssiency with cach other and with the national plan

Ecologists are using predictions and résults from metapopalation models of gpeecies in
tragmented landseapes ta provide input o planning processes (Harms and Knaapen 1988;
Harms-and Opdam 1990; Opdam e ol 19953, For escamiple, in the Randstad region of westem
Metherlands which encompasses the four largest cities [Amsterdam, The Hague, Rotterdam,
Litrecht), an wrban reafTorestation plan involves the development of about 10,000ha of forests
and recreation areas over o 15 year period (Harms and Knaapen 1988} A computer spatial
model was developed to predics the probability of colonisation and persistence of specics in
Forcst patches of varying siee located in different pans of the Randstad, The model was based
L'

knowledge of the availablity of 'source” forests (deciduous forests larger than S0ha);

¢ pstirnadeg af lendbscape resistance' o antmal i|!'.-:|'.u'.“5&|.. posed by gqeen farmmland, macdks,
urban developments and other ecologieal barmers;

statithical relationships for various species between population ocoumence and size of
hihitat patches, derived from field studics (Opdam et al, 1954, 19355,

I'be computer mode] was used to nsess the likelihood that new forests at proposed Incations
in the Randstad would be accessible to target species, such as woodland dependent birds, and
be suitable for their persistence (Harms and Opdam 19900, Different scenanios were tested,
sucl as the likelihood of new forests being suitable given the presence of one or more comidos
FOHES.

A major challenge facing iinplementation of the National Ecological Metwork, still in its
earty stages, involves the extent to which changes in agricultural land will be required
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(Jongman 1995). Land must be allocated to nature development areas and to-cormidor moaes,
?||'|i|. I!||~; ruqui:tﬁ 3 feducticn m formlamd,. Theec 1a ales g peed for Tunthe -..'L-::-|-.'|E:i|'.'£|| |'Ja.1.a|.
n.'p-::_'su]:'r Tl,!Ill'iﬂJl 15 B cuis-;:ll'i[:-.' o Fatins 1o di:-]mr:-\.l? [hrl.lu;..:il warios |:I.|'rch'_';l1!t|.' Params

6 A greenwavs network for Maryland, USA

The State of Maryland, centred around the vast estuanne Chesapeake Bay in eastern USA, bas
made & commitment fo developing o statewids network of “gresmwiys’ a5 @ commamty
conservation initiative (State of Maryland 1990), A diverse range of linear habidats and
isiluiral |||'||-.a'_|.:l.h arng h.'ll'\'i!'iil.l.'-.."'l..l 5 aEunl_: sLrcam 1.:1||l."_'.-=\. coastlines, tudal wetlands, barmer
istands, nidgetops, urban and suburban open spaces, and wility rights-of-way — together
Fnrrmn-l_,l a stulewiie network, The Al ety af the nerwork s broad: 1o |'I|.'-.‘:l'.-'iq'Jn: halbitat and
pathways for wikdlife, 1o pr\-.:-'.-in;lc recreational opportemities and open space Tor people; 1o
butter WHIEIWRYE and profect the wetlands and vwaler |.|l.|.1.|i:1.' of Chazapeaka H;l';. afd 1o
enhance the acsthetics of urban enviromments, The vision isaf a Progranmine et wil | atirace
wide involvement and support by the comnmunity. Local government and community groups
are epcouraged to inttiate peojects within the context of the statéwade plan,

Profection of the environmental quality of the biologically productive Chesapeake Bay ia
an mtepral part of the plan and in 1984 legistation was passed to establish- & resounce
profection program (Cobcal Ares Program) for the bay. The Chesapeake Bay Cnhcal Area
was defined as all waters ancd lamals of the bay anch its Gdal tritatanics and all lands wathin 305m
of the mean high tide { Therres of al. 19853 Withn this area, encompassing nearly 10% of the
sute, regulations are designed to protect shorelines, water quality, wetlands and cnifical
hahitats of gpecics. These include several provastons dinectly relating to the establishment of a
conmected habitat network (Thermes ef i FRER]

s« A minirmum 30m buffer zone from mean high tde along shiorelines, stream banks, and
wetlinds i 1o be protected o minimize the-cffects of human activilies on these habitats,
fex manndain a transitional zone between aquatic and uplind communities, o maintain the
natural environment of streams, and to protect ripaman wikdlife halital

o “Wildlife commidor’ svstems are to be incorporated into develospment sites. These
linkapes must connect the langest undeveloped or most vegetated trcts o similar tracis
o adjacent areas of land

* Protection from new shorclme developments for waterfow] staging points and
concentration sreas (Chesapenke Bay is Tamous for its wintenng  waterfowl
populations)

* Ripariam forests adjacent to streams, wetlands or the bay shoseline, that arc at least 91m
im widthor at legst 0k insize, are o be protected and conserved (for example-as habatas
for migratory birds and other forest-dependent species),

The state has already identified o mimsber of major greenways, mostly along river systems.
A challenging aspect of this statewide mrtintive is the extent to which wildhife conservation
and regreational goals are compatible and can be integrated in the overnll strategy
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7 National Corridors of Green project, Australia

The Metions] Cormdoess of Gresn project in Austmba anvidves comdnmumey  groups,
landholders, Incal government and other organisations in activitics to manage and restore
“vepetation cormidors” {Greening Austraiia 1994a), The propect is pant of 2 natronal response fo
ihe logs and degradation of natural ecosysiems and the consequant ecological problems (such
as salinization, soil erosion and loss) and ko= of produchive capacity of agricalieral Tand,
While many individuals and local groups are already involved in activibies @ prolect or
enhance habitat eorridors i rural Australia, the Mational Corndors of Gresn project is
desigmed ta bring groaps together o carmy out these works in g SITAtEEIc manner i aneas where
environmentil restoration = a high prority,

The objective is to promote linear habitsts and habitat cormidors that have multiple
environmental, economic and socul bansfits, dn the context of an inegrated regional
approach 1o land management. Revegetation of selocted areas s key part of the project and
these habitet comidors mmay {MoCoaeghey 1995 ]:

= link existing stands of remnant vepetation;

= s loncated 0 reduce =0il and and water degradation:;

= provide for bodiversity conservation aad wildlife movements,
= be part of shelterbalts finked acrass farm bounsdaries;

= e developed for recreational and tourssm activines,

= e a symmbohic Fecus for community asd government support,

Fig. -5 An exampie of revegetation ulong & depraded gully in farmland in sewthern Yictoria,
Ausiralis (Mhoio: A. Beametl).
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The projects are centred on Australia’s niver sydtems and thelr dsaociated eatchments. The
ﬁl‘\.l:llil:il.:l' projpect was the River ."pEurlil}' Corridors of Cireen which commenced 10 1993, Inthe
sl VD, 17 f'ﬁl1ll1llllli|}' Incentive Condracts were apwarded to Eroups locwted im c]gh[
E:l_'.ﬁmph-:: FEEIOmE .-I|I'|I'||_= the 250K%m |=-|§rl-. of the nver (I'jn;:qnmg Australia- 1894k}, Each
contract anvodved commumity groups carmying oul o planned revegetation program withen
Slikm of the Murray River.

For example, the Mt Pilot-Ovens Multipurpose Corridor Neteork iz a project undertaken
by a growp of faoners m nodh-eastemn Vielona, They mapped remmand nabive vegetadion
their destrict and then dentified dnhling drmnage lines and gapsin streamside vegetation for
reskoradion RI:'-'!‘.l_l:_'IJII-C'\-n ol These sites  will asast r.,-.=_,1|:_:-ring i:.l'll'IIiT.'.I'il:}' Ex} n;'.:l.ria,n
vepetation, reducing erosion of stream banks and pulhes, and add to the sparse network of
native vepefation critical to the conservation of wildlife (incleding threatened species) in
thess landscapes. The social and community benefits gained by & growpoof BEndbolders
'-'Hi)lkill! iugl.‘ﬂ:cr o i|'|'.|11|:|1.'l.' the envirmnimental !-.u!-.tdﬁt'lill:-ﬂ.:['_n' of their farmiznd & abuo

fecogieed as an oulcome of thede types of projacts

I":lll:m'lr.g this amteal treal, the Matonl Comskors of Cireen i’|||_||.'|:l 1% |‘II.'1=IE expancled 1o
develop simdlar projects in eight further regions encompassing all states of Australia, A
characteristic of this project 15 s focus on involvement by local communities in identifying
suitable projecis to underiake. There ame not, as yel, clearly defined regional plans orf
sonservalion strategics to guide and co-ordinate bocal projects ina stratcgie monmer

B The “territorial system of ecological stability® in the Czech Republic

The concept of ‘femiforial systems of ccological stability® (TSES) was developed in
Czechosiovakia in the 19805 as o compromise between social demands for land in intensively
developed landscapes and scological requiremonts for nature conseryahion (Kubed 1996), The
pol s o mamitain ecolomical Tuncison within the human-dominated emvironment by hnking
together the remmning satural elements or ‘hiocentres” within a designated area. This concepd
gained official support from national authorities in 1993 and subsequently there has been
extensive activity in designing TSES throwghout the Czech Republic (Jopgman | 995, Kubes
155k,

The territorial systems are arranged within o higrarchy, Local TSES are the basis of the
cotsercation system, They consist of & denss negwork of local ‘corndors’ of [0-20m
inTEm w:dlh. |.:r_|1_1nﬁ._.-|:i.r||: local biocemnres of 0.5 1o Sha mn =ze. For ¢-1c.an1rll-u: i Che
Chomistovkn mver 1.-;|||_|¢3.' a local TSES eh::ul:llpaa.'ﬁl."l.'i an ares of ahout 2000, and I-|*!!-ih|_'_lln-1|-l-'L|-
lacal biocentres were based on smull cak forests, Noodplain forest and meadows, linked by
lings of trees and shrubs (Kubed 1906), The aim is for all nstirl vegetalion types in the
planning area fo be epresented in local biocentres.

Rewional biocentres consist of natural or semi-natural habatais of 10-50ha, connected hy
regional links at least 40m wide, and selected 1o maintsin biodiversity ot the next level in the
planning hserarchy. At the supra-regfonal level, large biocentres. of more than 1000ha are
inchuded and the associzted supra-regional links may be zonea along the valleys of large nvers
(Jongman 1995; Kubed 1996), Locations of regional and supra-regional corridors have
mready been established for the entire Czech republic {Kubef 1996 ).

1A%
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The conceptual basis for the TSES draws heavily from the 'nateh-comdor-matmy’
pﬂ'|-|||_||l|:n_-:|-| mn |.1rll.'|:’1i.'3|'ll.' {'ci:.lw'!l { b oaan and Godnon |':|3|:I|- snd ur"l"l'll:"‘- it &t several !-i|'|3.1|i|]
scales. Diccentres (and potential biocentres) are selected as important habitats for plants and
animals in the landscape, and “comidors” are intended io link biocentres mto a netwaork of
hahbitat. Intensive land use in most areas means that most biocentres arg semi-maturil of
culiural, rather thon matursl habitats; and, &t the local level, few natusal hahitais may be
available upon which 1o base reconstruction of veretation (Kiches 1996). There appedrs i b
littde specific knowledge of the conservation values of varous types of biocentres, or of bow
well such a system functicns for nature conservation. Farther biological data is needed 10
iksess the effectiveness of the TSES for nature conservation, particularly the recommended
dimensions of Mocentres and comidors (Kubes 17,

Linkages in forest conservation and management

In many countries, forests managed for timber production are some of the largest remaining
natural arcas and consequently have great volue for conservation of the flora and fauna
However, thete is widespread concern at the detmmiontal effects on some prosips. of
foresi-dependent species of management practices associated with timber production. For
species that have difficulty persisting in various stages of younger regrowth, timbar
harvesting across laepe areas of forest may reault in o marked decline in their distnbution aiadd
gbundkance and the relative isolstion of populations in the scattered aneas of suitable habital
that remait, In some countries, increasing atiention is being given to ways in which forests can
e managed for economic production of timber and other forest products, while also
mainfaining the values of the forest as o habitat for wildlife populations The following
examples provide @ perspective from several different forest types on ways in which forest
geologists and managers are implementing measures 0 maintain bhobitat gquality and
conneciivity for wakdhife populations in production forests.

9 Temperate rainforest corridors for forest birds, North Westland,
Mew Fealand

In response toa scheme for the extensive harvesting of beech forests for timber in Morth
Wesiland, Mew Fealand, n major “wildhifecorndor’ was proposed to maintain the potential fos
temperate rainforest birds to move between reserves (O Dommell 19491 ), This fore sted link was
designed to fellow topographic features that could be readily identified. and fo have sufficient
width o withstand windihrow of trees and other natural disasters. The minimum width is at
least 2km {generally greater than 6km) and in total #t reguires the protection of 10,200 of
forest originally scheduled for logging.

The link may be seen to function ot two spatial levels (Fig. 9-6), Al the regional scale, it
provides & broad forested link between the forests of the Paparoa Range (greater than
150, 00xha) and the Southern Alps. The Paparoa Range would otherwise be ecologically
isolated by cléared river valleys and logped forests. In this context the sims of the link ane to
(O Donnell 1991

= pnhapce gene flow and manmitam genstic varation inpopulations i larpe forest blocks:

» gesist movements of ohligate forest-dwelling birds over large geographic arcas:
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Fig. %6 Twe models o Mlustrate tho way in which the Morth Westland firess corridor
functions. {a) Meplonal medel; s link between farests of the Papares Range and
akmilar forests of the Sonthern Alps. (b)) Reserve model: the ferest corridor connects
a series af Ecologleal Reserves vin lowland forest Hnks, From O Donnedl {12%21) with
permission, Sarrey Beatty & Sams, Publishers

+ maintain species that require large arcas of ynmodificd habitat.
At a more localized seale, the forest link connects eight Ecolopical Areas that would
otherwise be {solated by lopped regenerating forest. Here the linkage may.

* permit seasonal movements of wildlife between high and low altitude reserves;

* maintain species diversity in core areas, especially forest birds that are less mobabe or
inlelerind of habdeat imodification;

» mid tha :l|-cF|a:n=u.| of woun hirds;
= provide additional habriat for rare species and o potential sowrce of colonists for
adjoining arcas sheuld they be suliject to catastrophe.

Six eriteria were used 1o asseus forest binds known to ocour within the arca for which the
forest link might be important: distribution statis, dependence on forest habitats, degree of
mobility across open habitat, habitat specialisation, response to logging, and conservation
statug {(O'Donnell 1991), This analysis identified eight spocics (26% of forest hirds kncam
from the Tink) that are most likely 1o benefit from peotection of the forest comidar, Three of
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thesean particuidar, Kako, ¥ ellow-crowned Parakeed, and ¥ ellowhead sre threatened, oblipate
forest-dwelling species thot have very lorge home mnges (O°Donnell 1991},

Following completion of a five-vear rescarch programme on the fauna of the Marth
Westland forest corndor (Dvermars efal 1992, a Tormal recommendation that it be reserved
for conservation was accepied by the New Zealand government {2 O Donnedl pers. comm
Jons

10 Forest management planning in East Gippsland, Victoria, Australia

Major changes hive occurred over the last two decadey in the management of hardwood
eucalypt forests in south-eastern Australia. Increased community concern for protection of
flora and fauns and a prester knowledge of the states and habitd requirements of
!i:z-:tst-d.c[rndcnl wildlife, bave contributed to |.'|:.ur|r:|.',h £ TaAmigsmenl practices in order to
reduce dotnmental impacis of fogging on wikdlifs pupulanons (Loym ef ol 1980; Recher it al
FEd, 1RRT, Dobbyns and Ryan 1983 Taylor 1991, Lindenmayer 1994% In Victor,
povemment policy nequires that forest mansgement be cconomizally viable, emaronmentally
sensatiye, and sestamable for all forest valhises.

In East Gippsland, Victona, publicly-owned fosests occur as a Iarge contiguous tract of
npproxrmately one milhon hectares, part of the extensive foresiz abong the Great Divading
Eange in soufh-castemn Awsiralia. The forest management plan for the East Gippsland Forest
Management Area { Deportment of Conservation amd Najurl Rescurces 1995) incorporates a
numiber of new measures in g strategy for forest management in this region, State Forests (the
forest arca available for timber harvesting ) within the East Gippsfand FAMA have been divided
e three 2omes:

* Bpecial Protection Zone — o by managed for conservation and from- which timber
harvesting i4 excluded;

= Special Maragement Zone = 1o be managed o comserve speialic features, allowrng
timiber production uider cerain conditions:

* Lieneral Management Zone — in which tinber production has high priority,

The Special Protection Zone (53PE) encompasses 16% of the Eass Gippsland FMA and is
designed fo complement conservation reservesin the region by retaiming a linked network of
important forest habitats throughout the managed forest (Fig %-7). The main components of
the SPE are represendative areas of vegetation fypes and old growth Toerests that are poorty
reserved dn the reserve system, and [oresl areas set aside for the conserasion of threatened
forest-dependdant animals. These areas are inked to each other and io conservation reserves by
linsar reseaves, natural Teatures zones along streams and nvers, sireamside and cammforost
buffers, and other protected zones.

Cundelines for the network. of linear reserves [Department of Conservabion and Mafural
Rezources 1995) siate that they will provide a8 pumber of altermative links betwesn
conservation reserves and larpe areas within the SPZ. he an average of 200m wide, span
altitudinal and tatitudinal gradients, generally comprise old forest of high guality habitat, and
-::||r|1[||u'.|:|u1|l =:-.i.hli|'.|} matural Festures zones and buflers nlong stream systems, The designated
purpase of the linear reserves 35 1o
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Fig. -7 A section of the East Glppsiand Ferest Manugement Plan, Yicioris, ilustrating the
linked mebwork of special protection rones within State Forest wsed far timber
prodisclinm.

mnintain resident populations of most sepeitive species of animals and thereby facilitate
recolonisaiion of areas that are harvested or bt by wildhire,

-

provide some of the habitat requirervents of wider-ranging species {such ag large forest
avlsk
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+ help prevent genetic mclation of sensitive forest species;
L] gl.:u*:_! against F&(Ih'ﬂjkhl.‘ i1n'=1:|:_:l_:-; ol chirmmis |.'|':|r|;_-:|.'

The Forest Management Flan provides a comprehensive approach 1o the conservation of
flora and fauns in this region, based on retaining throughout the forest a linked network of
umlogged hahitad thar s integrated with the conservanon resera sysicm

11 Managing systems of open ‘rides’ in British forests

After centiried of deforestation and boss of the ancent semi-natural woodlands in Britain,
reafforestation duning the 20th century has greatly increased the extent of woodland cover
from 4% 1o 19200 te about | 1% at present (Ferris-Kaon 1995, Much of the increass has beon
by the establishment of plantations. often of non-indigenous trap species such sg.conifiers: The
dense cover mnd !-i;.'.].ll:-it_'_-' of OpEn arcas amonEsl g |||_1||Iul.i:||'|:-. i% @ Emparlant 1s5ue
becavse apen areas and shrubby edges have been & feature of managed woodlands 1o Botain
for many centuries and the survival of many planis and enimals depends on open habitats and
I.'ill:}' AUCoESRbal Alages ol 'r'l:z-:n.'llllii'\ll'l [Ferms-Kaan [99F, 1995 Warres and Fuller '_!'.I':Jﬁ:-
Historpcally, open sreas resulted mainly from the prectice of coppicing, in which sections of
wondland were cut on a short rotation, often 5-20 vear cyeles, resulting in g shifting pattern of
young regenerating forests of varying successional slages {Ferris-Kaan 1995),

Metworks of ‘ndes’, Imear sinps of prassy vegetation maimtained mamly For e
extractyon, are.one source of open habitats within forests. Theed is much evidence that swch
habatats are of great valoe for plants and animals that require open sunny conditions or favour
edge hobatuts betwesn woodland and grassland (Warren and Fuller 1993 ; Ferris-Kasn 19%1)
In conifer plantations, the marging of rides and open glades wre often the only place whers
decidumes trees and shmbs and theirassociated wilsdlife ocour, Hence, management of rides as
habitat for the conservation of planis aml animalks has assumed preat importance, -and
considerable atention hag been givén 1o the desipn (orientation, width, shape) and
management practices {such as timing and frequency of mowing and slashing) needed fo
mairtain habitats of a suitable successional stage {Ferms-Kamn |71, 1995)

Butterflies are a well-studzd group of ammals for which conservation and management of
wondland ndes parhicukarly ImgeorTiant. Buterflics #re searce  within henvalveshaded
woodlands, fuvouring 8 moesaic of open grassland glades, woodland edpes and trees. where
there are sunhit open spaces and suitable food plants (Porer 19493; Warren and Fuller 1983)
The network structure and high level of connectivity of woodland ndes provides species swch
as the Rmglet Butterfly with pathways for movement between ficlds and grassy glades within
woodlands {Butcliffe and Thomas [996)

Bertvwood Forest in Oxfordshire, a Forest Mature Reserve of mational importance for
butterfly conservation, i managed for both fimber and wildlife. A network of interconnecting
rides and glades (Fig. 9-8), together forming. 1% of the forest arep, is managed to maintain
habatat for butterflies ond moths {Warren and Fuller 1993; Fermis-Kaan 19953, The netwark
mnchades Eapor rides greater than 15m width, and minor ndes. as well as CHHEth |..:’.u-:|.q_':1 of ‘hox
junctions’ al many interseclions, A MNESmeng  strafogy 5.;r_||!q_'i|_|£5.; partcalar vegetation
conditions to ke maintained along ndes as habitat fisr wildlife
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Fiz. 98 A& network of open *rides’ are managed for wildlife conservatian in Bermweod Forest,
Oxfordshire, UK. From Ferrls—Kaan {1995} with permission, Surrey Beatty & Sans,

PFublishers.

Active management to maintain a systern of open habitats and edges throughout large
forest blocks is surprising to biologists in other countries where such open disturbance stnips
are generally detrimental 1o the native founa (Asking 1994; Rich er of 1994; May and Norton
1996). It is & salient reminder that ecological situsions differ between countries — in this case
the long histary of intensive management of woodlamnds has led ter & quite different context for
forest conservation.

Linkages for the conservation of large mammals

Large mammals have been the focus of efforts to identify and protect linkages i many
countries, These specics have received particular attention for several reasons

+ Large mammals, especially predators, require large arcas of land for each imdividual and
much greater tracts for self-sustnining populations. In many regions, mamlenance of
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such pomdations depends o several reserves or large natural areas in close prosimity
thid lorether provide sufficient kabitat for & population

B SpeChos Ml undertake seasonal Pl gratann between difTerent |_,rr'|,'|i_:ra|1|'|||: areas for
vear-round aceess o food and other resources

= Large mammals can be used as "flapship’ species - they amrect public atterhon and
sympazhy, and therz = g strong likelihood that linkages designed for thare species will
al50 benefit 0 wide range of othar species

Because they are wide ranging and ocoupy a vanety of habitats, most large mammals do
mot require specialized habifal, or even contmuous habitat, for movement through the
|c||||.‘|h;.':.1ru.'. However, cxpenenct demonsiraies {sec i.'!..]hlq'l.ll\.'-'\ below) that profeciion of
mavament paths i essentinl if connectivity is to be maintained m the long term. Where links
are nob pritecied, therr functional role is inevitably st becase the incremental effects of
buman landd use {such as cleaning, cultivation and housmg developments) eventually beoome
barmers to free movement, Protection along movement paths from direct disturbance by
poaching or hunting is akso necessary in many stuations

12 Kibale Forest CGame Corridor, Uganda

Ihe Kibale Forest Game Comidor was gazetted in 1926 to allow for the movement of large

game animals, particularly African Elephant, This hinkage, encompassing 14, (00ha in area, is
a karge ot of medium-altiteds forest and elephani-grass habitat exiending alopg the western
sadde of Ksbale Forest and providing a broad link, approximately 15 kms wide, between the
Cruzen Elrabeth Mational Park and the Kshole Forest ;’lFiLl -4 'H"-'-""'ip 1581 3

Although legally' gazetted, Taflure to manage and protect the Game Comidor led 10 almost
total loss of its function by 1990, Its biofogical value was severcly croded by human
erroachment, settiement and clearng of natural hakitas, Encrmoaschment commenced alhoo
1970 and continued without check during a period of political turmodl. The protected habia
in the linkage diminished and it was estimated that by 1990 more than 90% of the link and
0% of the forest reserve had been claimed, with much of these areas under ealtivalion froam a
popalation of about 40,000 peaple (Baranga 1991}, Records of the Uganda Wational Parks and
Liame Department indhicate that Elephan, Uganda Kob, Watertbuck and Buffalo were using
the corndor up to the carly 19705, bt this movement ceased (Baranga 1991), Elephant are
present inboth the Kibale Forest Reserve and the Queen Elizabeth National Park, but their
numbers declined frorm showt 3000 m 1973 10 500 by 1989, and they sltered their migration
patterns.

ln March 1992, following concern over the future of the Game Corridor, the Ugandan
Covernment directed encroachers to leave anid subsequently evicted 300000 F{“DF'I‘-'-' trom the
resorve (L, Dranzoa, pers. comm. 1995}, The following vear, 1993, both Kibale Forest Game
Laommdor and the Kibale Forest Reserve were declared a national park, known as the Kibale
Forest National Park. There is now an extensive and contimuous protected asea from the
Erbale Forest, which has one of the richest foress Faunas in East Africs { Siruhsaker 1951
Baranga 1991), to the savannas of Queen Elizabeth Mationa! Park, This offers greatly
enhanced protection of habitat for a wide range of specics and a protected migratory route for
large mammils, ezpecially Elephant and Buffalo (C. Dranzoa, pers, comm: 1995,
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Fig. %%  The former Kibule Ferest Game Corridor between Kilrale Forest and Clucen Elizabeth
Mutional Park i now Incorperated as part of Kibale Fereat National Park, Redrawn
from Barangs {1991) with permission, Surrey Beaity & Sans, Publishers.

13  Wildlife corridors and buffer zones, Lake Manyara National Park,
Tanzania

Lake Manyara Mational Park is relatively small (11,000ha} and is not considered viable a5 an
‘island’ park (Mwalyosi 1991). Historically, there his been regular seasenal migrmtion of
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large mammals, especially of Wildebeest and Zebr, ucross the park boundaries. A migration
pathway from Tarangiee Mational Pack to the noshern border of Lake Manyvara Mational Park
ig one of the major dispersal rowles during the wet season for up oo 10,000 Wildebeest and )

B ebra within the wider Tarangire-Simangaro ecosysiem (Bomer 1985, Mwalyosi 1991,
However, imereasimg agniculbumal settfement, a mapidly worcasing human popalation, and
minmg activities, are gradually blocking the tradstional migration routs. Crop destroction by
domestic Hvestock 2nd migrating wild animals as they move theough settled areas creates
furthier conflicts between pastoralists, conservation authorites and local Farmiers

In anbicipation of further nerease in the human popadation and i infensave fand uge, n
l-r:'\-|'-c'n.i1| was macke for a bufer rone aroumd the pir tk 1o manimnze condlict acress boundanes
between the park and adjacent willages, and tor o londscape link between Lake Manyvara
Matiomal Park and Tarangive Mational Park o maintain connectivity between populatcons of
large mammals in the two reserves § Mwalyos: 1991, Three potential linkages were sdendified
and gach was ¢valuated in relation to topography and natural yvegetabion, sument and potenbial
land use, human populstion; accassibility for animats, and present use by game ammals, The
grazing capacity in each link, based on the quality and quantsty of fodder for movimg animals,
was also copsubered, The most suilable Ik extends about 60km from the northem end of
Lake Manyara along the eastern side of the lake and cast fo Tarangire Mational Park
(Mwalvosi 1991). This qouwte = currently used indenzively by large mammale. Further fizld
wirk is reguired to map patterns of animal wsage and o identify the most suitable alignment
and boundanes, A broad link st least o i width was recormmended, based on the need for
adequate fodder for migratmp animals

Establishment of the Ik will reguire clanges in land use. 181 proposed that only fuelwood
collzction and livestock grazing wiould be allewed withm the boundary of the ik, and thit
people curmently setthed there (approximately 15300 people in three villages) should be
relocated and comgsensated | Muwalyos 1991)

14  Designing protected areas for conservation of the Glant Panda
in China

The Giiand Panda 12 well known us one of the most threatened gpecies in the world, 1§ pow
decurs only within the centrml Chinese pravcinges of Clansy, Shaansi and Sichuan, where
lives in montans forests with dense stands of Bamboo, generally.at elevations of 2700-3700m
Bamboo shoots and roots are the major food flems, although other plants, fish and small
redents are also faken

In recent decades, the plight of the Gunt Panda has deteriorated {Schaller 901}, Mapping
of forest cover from satellite imapgery s shown that the area of suitable habitat for Ciiant
Pandas in Sichuan Provinge, the maim stronghold, has approximately halved, shrinking from
over 20000k in 1974 fo 10, 00km” in 1959 [MeEinnon and De Walf [4id . The dechnang
comservation status kas been further compounded by the mass flowering and subsequent death
of large areas of Arrow Bamboo on seveml oceasions. The bamboo: flowerd st $0-60 year
intervale ond takes 15-20 years to regenerte to & suitable size for the Giant Pands, Although
many starving animals were seen ond deaths occurred following the mass fowenng, the
flowerning phenology of bambioo 15 not the primkary cause of copeem. hbass flowenng and
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Fig. %10 The distrilmstisn of the Giani Pamda In the Minshan srea of Chiing; whth arrows
indicating eritical corricdors peeded to mainiwin continmity of the reglongl popalation.
Redrawn frem McKlinon snd de Wulf {1994) with permission, Chapman and Hall
Fublishers.

dicback of bamboo s a naturyl phenomenon and Giamt Pandas survived, alben in low
numbers, in every area that was affected (McKinnon and De Wall 19594)

The main cause of decling is continued loss of habitat, human encroachment on femaining
habitats, fragmentation of populations and deaths of animals at the mterface with humnan
sefilements (from poaching and trapping). When sateflite imagery was coupled with results
from ground surveys in 1974~ 1986/8%, changes in the distribution of the species could be
related to landscape pattern. Giant Pandas had disappeared from several arcas that wera either
amall and izolsted, at the edue of the species”’ range, or whene habitats had been destroyed
(McKinnon snd De Wulf 1994). 1t was also evident that other populations were at risk of
'|:i.'.|,:|,'|1'|'||n|; fnlgn'f:nlud and izclated from nearhy popalations by continued cleanng of forests
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Limkagex in the Londecapd

Being o large animal {75=150kg) that ocowrs al low densities (o2 an estsmated 145 Ciand
Pandas inhabit the 2000km” Welong Mature Reserve), it is extremely vulnerable ta
frapgmentation of itk forest habitat,

A strade |:i-:' ;_1|.||= Lo mmansge the h|:-l,:L'i|_'-\. ajid ity habitats msvolves:

. u.:-;ll_'nu:l:r.[_' ani rrﬁ;lnlp'n}l fhe &x 1IRE ress e sysle o bt ler pridact key i ipudalions,
= jdentification amd protection of critical habitat links Setween resarves;

« management of kobitats and people within reserved

Fifteen habrtal links have begn wentified as codical for matniammg connections between
reserves (Fig. 9-10) to allow movements of anmmals between smoll populations, These
Imkdges are designed to consolidate the distnbution of the Ghant Panda a0 ectant réserves
Seven links will require revegetation with suitable habetat (native trees and bamboo species).
They are recommended 1o be af least Lem wide and located to brdpe the sarrowest pap and
flattest terrain between existing blocks (MoK innon and De Wall 1994} Those links that are
presontly forested require stmct protection from Torest karvesting, grazng and haman
!I'ILTI.'HI\.'I'lI1h."'I1|.

Assesang anid |'.|.trl|1i||||-: of farest hahitats (TR TES walelhite Imagery has formed the basis for
Lhe hru.'ri-\_'h marsageman l;.l;nt and allowed a crnbical appra =al of existi N FEEETVES andd the nead
for I|r|l:.a|:-:|.~$ However, post expenences {Schadler 4493 ) sprrests that the |:|1_'|||l:|r:1| and socal
dimensions of the conservation and management of Giant Papdas arc likely to have the
greatest nfluence on the fufure stetus of this species,

15 Linkages for Elephants in India

Pwer examples from Indin of loss and disturbance to migration paths of Indian Elephants
haghlight the need for identification and protection of movement paths if populations of large
marmauis are nol G becdome 1snlated

In southern India; elephands have stopped using the Ariankavu Piss between the Ashamba
Hillz andthe ldduka-Penyar Hilla {Johnsingh e el 1991}, The Ashambay Hills have about 200
glephants, mostly in the Kalakudu-Mundanthurai Tiger Beserve (990 k') and several
simaller reserves, while the lddukki-Persvar Hills pogmlation 15 estimaied a5 800-1000
individuals, largely confined o the Periyar Tiger Reserve (777 km') and the Grizzled Giant
Squirrel Sanctaary (400 k™) (Tohnsingh e of. 1991, The Ariznkuvu Pass is divided by 2 romd
il railway ling, and human settfements have developed along the road, A survey in 1983
found no evidence of elephants, and local people reported that the area had not been used by
ebephants for 30-80 years, The isolated population must also contend with poaching for ivory.
Large scale posching in the Perivar population s contributed to a sex ratio of | male:23
females (Johnsmmgh ef af. 1991

In nonthemn India, the Rajaji-Corbenr Nationsl Parks drea includes protected reserves and
adjacent forest arcas that together encompass about 2500 km®. This extensive area has a
ﬁ'—]'-u.lali-::-n of ahout 750 Indian E'.|-u!:||1:|n;1,' and 140 Tigers and forms the north-wesiern range
lammnt fior etk s I:-|'!'-1lﬂ‘~il1t.'|‘l etal |"-":'[|_F Fooi imporiant links lor the movemsnt :_':;I'I:,Lq,_-:l‘.‘
ammmals betwesn major tracts in ths arca have been identified, Two ofthese are bottlenecks in
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a zone between Laldhang Forest Arca and Sonandi Sanctuary, which extend for 6km free
from buman settlement and cottle camps. The tersain is rugged, there are few places for
elephants to move through this region; end few crossings are now believed to ocecur. However,
these links are not an impediment for movement of other large mammals such as Sambar and
Tiger,

There ang two linkages across the Ganpes River between the Chala and Motichur sections
ot Rajapi Natronal Park, Atone site, Bing ray, ther2 13 now complets loss of forest cover on the
wist bank of the river 2ad lifthe evidence from dung counts of it5 use by elephams. [n contrast,
the Chila-Motichur link 1= still used by adult males. during summer and is crscial to
mamtaimng any inerchangs between the two sections of the park. However, this remaining
link {approxmately 3km long and Temowide) is threatened by habatat degradation and lack of
treg regeneration; by the presence of an army camp; village and plantatvon; and by the need for
animals to cress a bridge over o power channel. Froposals have been developed by the Forest
Depariment to maintain the link by selective acquisition and protection of forest habitat, but
the long-term outleck 15 pessimastic in the face of likely destruction of remaining. habitat
arising from the pressure of human settlement (AL Johnsingh pers. comm. [995),

Local networks of lincar habitats

Metworks of linear Vogelalion are a charactenstic feature of many :|.|l_ri::||!|||.r:|| Iill‘.-iiw:ll:-:ﬁ.
Frequently, auch linear stnps are the procust of intensive use of the environment by pl,'n:_:-'p-l.:_
and eclude wvegetabon associated with hedgerows,: fencerows, shelterbelts, ditches,
|.'i1||!|a.'|i'.:||_"|1l-, canily ErTialc chanmebs, mabway hnes and roads .-‘;illl.:1|:1:}. such vepetotion
i& often of buman ongm, remnont natural vepetahon may also ocour in local networks,
including vegetation slong stream systems and native vegetntion along rosdsides in Avuztralia
[see below), In regions of heavy human impact where natirml areas are smoll and scatiered,
metworks of linear habitats- zre recopnized &5 having an importand rele In maintaining
connectivity in the lamdscape, and thers is growing awarcness of the need for scological
values to be recopnized in their management (Agper and Brandt 1988; Gulinck er @l 1901
koaule FH95; Burel [95%6; Kiobes FS56).

The maintenance of these networks and their ecological function faces a number of
thfTicakties:

o lack of recognition of the ecolopical values of these features and of their context i the
broader landscape;

¢ [pck of co-ordinated management becmese they may extend scress many lamd parcels
and have many land owness;

+ incremental clearing and loss résulting m gaps and breoks in the network,
* lapradation of habitat due to edpe effects and adjacent land wses:

T'wo examples ane presented below of ways o which a co-ondinated approach has been
undertaken to manage local networks of such hnear habimts,
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16 Hedgerow networks and landscape consolidation in France

In parts of niral France, restrecturing of farm properties {‘remembrement’ ) i3 being carmied
out to retignalize the distrbwution of the land that cach fermer owns [ Bawdry wmad Barel 15984)
Chyer @ number of generitons, inheritance customs have resulted inomany famms becoming a
scatter of Nelds that may be wp o five kilomeirss apart. Restnecturing is done onoa
municipality basis and i the request of the magonty of owners, In those landscapes with
extensive hedoe networks (“bocages” lnndscapes), initm] attemipis af re=disnbutien involved
destruction of hedges; both to increase field sizes and because hedges were no longer nesded
#s progeeity boundasies, This led t6 numerews environmsntal problems, Subscquently, much
research was carrhed out to evaluate the miceoclimatic, Biolegical and agronomic values of
hedgesows and the effects of thair ramoval (INEA 1976; Forman and Baudry 1984 ; Bure] and
Giawskry 19900, Simce 1978, an arnpact study has been requared before each ‘remombscment’
proceeds

Ecologeal studies of the role of hedgerows im the niral landscape recognized their role as
windbreaks, bormiers agoinst crosion, habitat for flora and fauna, and pools of genetic diversity
amiidet an increasingly monocalural landscape {Baodry and Bural 1984) In proposing plans
o maintain these functions in the restmectured mural landscape (Fig. 9-11), ecologists have
sugeested that hedpes should be:

= primarily located gorcss slopess
= retained or re-connscied in & network;

«  Have -::|'-|1'r|'-|-;':l-. sIruchure Al I|:|_=.h Spities -:E‘ll.-n:'.r':::lg.-' ko p-':'-'.-1d.f habitats for birds, insecis,
simall mammals and reptiles.

Thass recommendistions,; together sath other constraints such as ownership pattems, ane
psed o develop a final land-use plan. The ecological reconmendations are not neceszarily
pdopted 1 thear enfirety but they do have an important mle m the process of landscaps
consolidofion, Further understanding of the agro-ccelogical effects of hedgerows and ditches
and the provision of such mformation (o leeal farmess and Bandowmers wall assist m tha
recognbionof thew values (Baudrey and Burel 1984}, For example, the retention of hedgerows,
and their location and orentation i relstion 1o sl fvpes and fopography, is known o
influenee water flow. dldi:lal:'t and erosian i farmland. and hence the use and |'_|r|'_||ﬂ|J|:.1‘i1."||:-' ol
the mural landscape (Burel and Baudry | 9500)

17 Conservation of roadside vegetation In southern Australia

Stripis of remnant foresr, woodland or shrubfand along readsides form extensive networks of
linear habitats through many sencultural areas of southern Awstralin, There 15 abundant
evidence of the value of rondside vepetation as habitat for flor and fsuna (Chapler 6), and
grovimg understanding of how it fosters animal movements and maintains connectivity of
populations 1 rurnl landscapes (Suckling 1984 Bapnett 1994b; Saunders and de Beberrd
1ol Lymch er af. 1995, Downes of al 1997)

In many rcgions, peotection and management of roadside vegetation o maintain

conservabion values has been limmited or non-existent, amd an array of disturbance processes
e rementally erode the extent snd value of this network of natural vegeiation {_'].:;lrinj:_ af
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Linkages dn nee Landscoupe

vepetition often -ocours: during road widening of feconstruction; readsebes are used as
easements for powerlmes, ielephone cibles and other services; and fire prevention works such
as regular burming or the ploughing of sirips of bare earth {ond thereby encourmging weeds) are
alzo carried oul on roadsides. They are also subject to weed invasion and nutrent enrichment
froim adiscent farmiond: and intermittent grazing by donsestic stock

I the lust decade, an increasing awareness of the environmental and community values of
rosdudes has led 0 8 more sympathidic approach o management by many responsible
puthonties {usually Incal governmenis) and the de velopment of roadside manag el e
in some areas (Lewis 1991; Loney and Hobbs 1991 Stone 1991, Lamont and Blyth 1995
Involvement of local communitics of people n assessing the values of moadsides in fheir
Bocality hak been a kev element. By direct involvament the commumity becomes mors swant
of the values of the roadside network and gain a sense of siewardship over roadsides in their
local arsn

Roadside asseasment is Typically camied out by teams of volunteer observers driving
slowly along selocted roads and recording attnibutes of the roadside vegetation, such as width
and continuity of the vegetation, diversity of native plants, occurrenoe of weed species,
presence of habitat features for animals and extent of disturbance by atilitics (Hussey 1991)
Each roadside section is “scored ' for conservation valise, and maps sre then prepared showing
the distribution of roadsides of *high’, *medium® and “low* conservation value. The final step
involves preparation of 8 written management pian by the roadside management authority,
that specifies conservation measures and appropriale management practices for roadsides of
high quality. Implementation of the management plan may rvolve modification of pamwolar
management practces, the use of roadside signs fo clearly mark sections of high conservation
yirhug, and training courses for these that camry ot roadside management in the fisld,

Summary

Reg CEAEEd |.!|'- M Feple |:||'. !Idn'lu'.'_h'u'lp:- CoEHEcH VY |I'l""-""'"|-t"'"|'l-_'| cofsErraiion  withus
human-dominated landicapes, has moved from the conceprual stage o tha of” praciicel
Implemeniation of this principle in convervation strak

=

i Throughow! the world, @ diverse
Fmpre .'.-_l"J'.'fl.'.';r_l-p'r are i Delng Py fed, .-.u.u.u;r.;;.-':'.l'rlr restared fo enhanoe fhe confinuThy of
arimo Ir---Jllr.'|.-.'.-.'|'|'.-|.'|.': and fo mairialn do CHRET |'J|rl|'||"|l|'1'_'|'.'|1"\-' ir fr AT wderd [egeiy el i Thexe
Inetude specific lonidscape finks Betwesn consorvation rezerves o for the conservation of
large mammals; and netwaorks el Moky in focal arees, ik A:Ir:.'.lT{qu'r.ll Joresiy and ax parr of
regional land maragement siraiegies. This phase of implementation iz in an early stage and
tivere 1 preek o learn. Thers 12 g MTEERT f.';‘\t'-.:'.'_,l'l::-.' FeEkearel I'i-,l|_||'.l|:|‘.g:‘-,l'_-|1;.‘- Frogrammes. o
aEEeny e r::'-l'i'r [VErENs rg."'r.l'n-'-:p' mensres arnd redolve uer fmeelved i thelr T P R Eri S
Such knowledge should provide the basls for ongoing improvements n the Tocation, design
i ArTRE g of |'I'.'I.'E|.lgr_'.. o0 Pl we can mmove L'."l":_'.'r.l.-g'.'_-.- Ercrisiien s rerkore i
landecape comnectivity in modified emidronmenis
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APPENDIX1 COMMON AND SCIENTIFIC
NAMES OF SPECIES CITED IN THE TEXT

Specics are grouped inde categonies representing the geographic area from which they are
refirred to i the text.
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