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seldom evident. Biologically this islard group is less

well known than others.

The southern or Stewart Island group include

islaads of Foveau\ Strait and Stewart Island (Fig. 4)'

Gneisses and granites predomhate, both rocks that

are very resistant to marine erosion. Although
frequently visited by the Maori for birdhg and other
food gatherirg. few of tbese islands were permaneotly

occuoied and hence modification of their vegetation
was much less than h the islands further north.

Maori occupation of islands had largely ceased by

1840 but some islands were then occupied and farmed

by Europeans (Table 1). The earliest island reserves
in New Zealand were established in the 1890s as bird

sanctuaries and this established a tradition of Crown

ownership for biologically valuable islands.

Statistics for islands quoted iu Tables l, 6 and 7

are based on islands >5 ha in area. Many very small
islands, however, are important refuges for

invertebrates and lizards, and some are mportant
brceding grounds lor burrow-nest'ttrg or

surface-nesthg seabirds.

BIOLOGICAL VALUES OF ISLANDS

Isolation has allowed many islands to function as

refuges for native plalts aud animals as well as

certain kinds of biotic communities ald habitats. On

a few islands the presence of strains of feral mammals
may be of commercial or scientific ilterest. lslalds

provide opportunities for scientific and educational
ttudi"r io which islands can be compared with each

other and with the maida:rd.

Native Plants

Only a small percentage of the native vascular plants

of the New Zealand region are confined to islands
(Table 2) and most of these are endemic to the

oceanic islands. Examples are the small tree

Homolanthus polyandrus ttom the Kermadec Islands,

the tree Elingamita iohnsonii from the Three Kings

Islands, the megaherb Myosotidium hortensia from rhe

Chatham Islands, trnd the megaherb Pleurophyllum

speciosum which occurs on both the Auckland and

Campbell Islands.

Although more than 25Va of the vascular plalrts

occurrhg on the New Zealand subantarctic islands

(ernd on Macquarie Islaad) are endemic to these

islands as a whole (Cheeseman 1909)' few species are

eodenic to i-ndividual island groups' e.g' Auckl:nd

Islands. However, ma-ny endemic species are

associated with thc oceanic island groups further

north, viz. the Kermadec, Three Kings and Chatham

Island groups. The lalter group has about 11% of its

native vascular flora endemic (Given and Williams
1e84).

Native Invertebrates

New Zealand's invertebrates ale far from completely
known. There is, however, a tendency for larger
flishtless forms to be confined to islands (Table 3).
This is partly related to the presence of endemic
species on oceanic islands, but it also reflects the
digree to which larger flightless insects have been
elininated from the mainland by introduced
predators, particularlY rats.

Native Vertebrates

New Zealand's herpetofauna includes 3 species of
primitive frogs belonging to the endemic genus
Leiopelma; one of these species is now confined to

islards.

New Zealand's best known reptile is the tuatara
Sphenodon punctatus, the only surviving
rlvnchoceohalian. Now confined to a number of
islands (Ciook 1973) it was formerly widespread on
the mainland.

The taxonomy of New Zealand's lizards is still

under review so that the percentage of the
herpetofauna confir:ed to islands (Table 4) is

approximate. This Percentage is high, apparently a
result of predators, particularly rats, that have

elimhated wlnerable lizards from the mainland (e'g.

Whitaker 1973).

New Zealand has 3 species of seal and sealion:
the New Zealand frr seal Arctocephalus forstei whlch
ranges to Western Australia, the New Z'eafar.d sea
lioi Phocarctos hookeri, and the elephaat seal
Mirounga leonina. The latter rwo species breed only

on islands.

The country had tbree species of bat at the time of

European colouisation' but one species, the greater

short-tailed bat (Mystacina sp.) had become confired
to Big South Cape and Solomon Islands, off Stewart
Islaad, prior to European settlement (Daniel and

Witliams 1984). This species was lost as a result of an

invasion of these two isla-nds by Ramrs ruffi$ n 1962
(Atkhson and Beli 1973).

The number of species and subspecies of

landbirds whose breeding is now corfned to islands
(AVo of the resider-,t landbird fauna' Table 4)

ircludes such species as the flightless night parrot or

kakapo Srngops habroptilus, the black robil Petroica

traveni of the Chatham Islands and the stitchbird
Notiomystis cincta. Stx of the la;rdbird spccies now

confined to islards formerly occurred on the
mainland.



I

uroJ1 paAtJap dnor6 1ue1d qlpa Jo;,

'q puP P'g6l alnJo
slPlo1 Pro[] uo P1P0 +

ITIspuP lsr o1 pau[]uol IPlor

v

9

U

99

tz

U

tt

slol Lp snoalPqJaH

slolouout s noa f,P q JaH

sar[[P uJaJ puP suJal

sluP td /tpoolt

*PJolJ 'z'N jo I
alPUlrX0Jddv

spuPIst o1 paur]uol
sa r f,aos J0'oN

sprrBlsr ol peulJuor slu?ld Jplnrsea a^rlsN

Z ?IqBI

'uo tlPdntlO L Joplrl JaUJOJ Jo3.
pafaAJns,(1rado.rd uaaq lou aApq spupLsr ,{upur asnplaq fIuo sJaqu]nu u.rnirrurg,l a

8ZZ9t99 ZTs lPloI

0z

8t

OII

09

I

L

'I

9

II

:L

OI

f7

9Z

000i<

000I - I01

OOI-II

0I -9

]taqs r!uPal0
spuPIst

Jo Jaqunu [p101

Jtaqs r !upar0
PeUJPJ

,{ [ lua J JnJ

+llegs__ lrte!0
suP rsauflod fq

patdnlf,o,{tJauJJol
( er.l )

azrs puPlsl

PqE < spuEIsI Jleqs-pFauluoc pue rrqBero prr"paz ^\e;1 3o ;(ruudncro puB ezrs .srequnN

I AIqBI



Table 3

Some flightless invertebrates confioed to islands. Data from MJ. Meads (personal comnunication 1985)

No. of spec i  es I of Faunal group

Stag lee t  les  (Dorcus  sPP. )

Large weev i l s  (Anagot is  sPp. )  >  20  r rn

Gi  an t  wetas  (De inacr ida  sPP. l
( wi ng I ess cr iC[-e-t-sJ-

C l ick  beet les  (ArnJg iu :  sPP. l

z

4

4

33

44

57

100

Table 4
Some native vertebrates confined to islands

t{o. I  of Fauna

Frogs ,  rep t ' i  les  (a l I  endemic  spec ies)

Sea l  s ,  sea l  i  ons

Breed ing  landb j rds  (spp.  +  subspp.  )

Breed ing  seab i rds  (spp.  +  subspp.  )

To ta l  b reed ing  b i rds  (sp .  +  subsp.  )

To ta l  b reed ing  b i rds  (spec ies  on ly )

10

60

98

61

25

67

34*

7I*

50r

42

* Data from Robertson 1985
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and the woody communities of seaward slopes whose

caronies are channelled and sheared by wind-carried

salt, particularly in regions where gale-force winds

with humidities les s that 50% are frequent'

A fourth class of communities associated

soecificallv with islands are tlose that for reasons of

various combinations of precipitous slopes, isoiatioD,

small size and chance have largely escaped the major

inlluences of either man or htroduced animais aad

plants. Among the shelf islands, these pristine

communities occur only on a few small islalds'

Amons the oceanic islands, however, several much

larser islands can be fairly desoibed as still in a
pd,io" ,tut", e.g., Adams Island (9 896 ha) and

bisanpointment island (3?5 ha) of the Aucklald

group-and the Snares Islands (328 ha).

Feral Farm Mammals on Islands

There are a few populations of feral fann mammalq

isolated oa islands since last century, tlat may be

worthy of protection for their genetic characteristics

such as fecuadity, fibre quatity or disease resistance.
The case for conservhg such populations has been

argued by Rudge (1936) who points out that, whether
or not they are rare breeds, they (a) may represent a

more prinitive stage of domestic selection and (b) are

free to contilue varyhg and adapting uaconstrahed
by man's selection or management (Table 5).

As recognised by Rudge, the indigenous values of

an island should take precedence over the value of a

particular population of feral mammals and there

should therefore be no ur:manageable conflict. On

Campbell Island this was achieved by fenchg to

restrict the sheep to less than a frfth of the island's

total area.

There is now more recognition of tle importance
of maintaining the genetic diversity of livestock
breeds. If, however, livestock breeders do not

evaluate tie genetic qualities ald possible comnercial
significance of these populatioDs, they canlot expect
island managers to maintain these feral mammals
iadefi:uitely.

Table 5

Examoles of feral farm mammals of possible genetic value ou New Zealand islards

Sta tus  o f  land  and an ina ls
Feral  manmal

Scien t i f i c  Reserve ;  managed
f tock  (Rudge 1983)P i t t  I  s  l a n d ,

Chatham grouP
l ' ler iflo sheeP

Sheep  fenced  w i th i  n  l { a tu re
Reserve (Meurk 1982 )

Campbel  I  I s landMer  i  no  c ross
l ongwood s heeP

Scen ic  Reserve ;  sheep to  be
removed to another Part of the
' is I  and

Arapawa I s l  and ,
Har l  bo rough  Sounds

l ' ler i  no sheeP

ature Reserve; goats maY be
removed to  the  main landAuck  I  and Is l  andGoats

l la tu re  Reserve ;  fu tu re  o f  P igs
not dec i  ded

Auck  I  and  I s land
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Islands by using Chathnm Island tits P. mauocephala
chathamensis as foster paronts (Merton 1983) has
rescued the black robia from the brhk of extinction.
The use of roost boxes specially designed and placed
to reduce the chances of rat predation is now being
testcd with the aim of assisting a population of North
Islaad saddlebacks Philestumus carunculotus ruIusater
to coexist with two rat species (Raras nonegicus artd
R exulans) on Kapiti Island (Lovegrove 1985).

Translocation of endangered species to
islands

(a) Endangered Plants. No systematic trafflocation
of endangered plant species to islands has been
attempted in New Zealand although there are several
endangered coastal and lowland species that could be
established on particular islands.

(b) Endangered Aninals. Trarslocations to
additional islands of two potentially endangered
iavertebrates, the flax snail P/acostylis hongii a^d the

Cook Strait giant weta Deinacids nrgosa, have both

been effected successfully. Translocation of some
endangered lizards is now urderway (Towns el a/, ilr

press). Translocation of endargered birds begar: in

the 1890s but has intensfied shce 1960 (see Bell, this
volume). A major problem with translocation is the
limited nunber of islands that are suitable for

endangered species,

Limited Availability of Islands for
Translocation of Endangered Species

Some factors that limit options for translocating
endalgered species to islands are

(i) small size of islard and the area of suitable
habitat taking into account successional char:ges,

(ii) prcsence of introduced browsiag mammals aud
htroduced predators, both mammals and birds,

(iii) risk of lrre and further introductions of alien
marnmals, particularly on islands that are settled,
ald

(iv) possibility of the translocated species disruptirg
inl rinsic values of the island.

(a) Occanic Islards. Five of the eight oceanic island
groups contain one or more islands greater than
1 000 ha in size and these provide a greater diversity
of habitats and presumably greater long-term security
for at least some of the species present than do
smaller islands.

The percentages of these islards occupicd by
various htroduced predatory ard browsirg mammals
are shom in Table 6.

The oceanic islards have suffered fewer
introductions than have the shelf islands, but the
continuhg interest in rock lobster, squid alld fin
fisheries in soutlern waters by overseas and New
Zealand fishermen, has put at least 8 important
islaads at risk from rat invasions : Aucklan4 Adans,
Disappointment, Enderby, Ewing and Rose of the
Auckland group, and North East ard Broughton
Islands of the Snares group. Pitt Island in ths
Chatham group is also conthuously at risk from rat
invasion by reason of its permatent settlement and
transit of stores from Chatham Island which is
rat-inhabited.

Introducirg a mainland species could change the
disthctive biological character of an oceanic islaad.
Each supports a unique combiaation of plants and
animals, and these intrinsic qualities should not be
modified without very good reason.

(b) Continental-shelf Islards. Of the 20 shelf islands
greater than 1 000 ha, 10 have pernatrent settlements.
Nearly half of the 228 shelf islands considered have
browsing meunmals of one kind or another and more
than a thid have htroduced predators (Table 7).
Only L3%t of these islands are completely free of all
introduced mammals as well as wekas, and most of
them are small, Seven important island reserves
require particular vigilance against invasions by Raffus
rstfirs or R. none$cus becauss these islar:ds are
frequently visited by people; Little Barrier, Tiritiri,
Kapiti, Mana, Stephens, Maud and Codfish Isla:rds.

The limited optiors for translocatiag endangered
species to islands can be scen more clearly when
islard size as well as farming modification and the
presence of introduced mammals and wekas are all
considercd together (Fig. 5). The largest islands
( > 1 000 ha) with the greatest potential as biological
reservoirs drop from a total of 20 down to one island
(Little Barrier) when thoss settled and farmed and
those with blowsirg mamnals are excluded from the
list of options. No shelf island larger thar: 1 000 ha is
without any iatroduced mamlnals. Nevertheless it is
i]lportant to note that apparently Bo islard of the 228
considered has all the introduced mammals that are
widespread ir lowland native vegetation on the
mainland : pigs, goats, possums, stoats, cats, ship rats
R, rattus and Norway rats R. norvegicus. For example,
Stewart Island, the largest considered, has deer,
possums, cats and three species of rat. But the
absence of stoats has probably been of critical
signficance in allowing the survival on the island of a
breeding populatiou of kakapo. Thus, although the
widespread modifrcation of islands by introduced
mammals has greatly reduced the options for
tramlocating and protecting endangered species, the
abscnce of some mammals determhes that no island
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can be regarded as simply aaother part of the

mainland.

(c) Swimmine disrances for certain introduced

marnmals aod weka". Effort i-s elini-oati-ng alien

vertebrates on some islands (see BelL this volume)

car be wasted if an island is subsequently reached by

the vertebrate simply swimnhg from the mainland or

a nearby island. Available i.nformarion about the

dista-ncei dese animats can swin in New Zeaiand

seas is summarised in Table 8, but much more

investisation is needed of circumstances such as sea

conditilons, food availability at the place of departure,

and attractive cues, (e.g', plant smells, bird calls) on

the island in question, before we can predict the

frequency with ;hich such swimrdrg activity is likely

to occru.

Genetic Bottlenecks

These occur whonever there is a sudden collapse of

oooulatior numbers within a sirgle geuerarion' The

i--"diate effects can be some loss of genetic

hsterozygosity and losses of specfic alleles,

particularly those at low frequencies in the origiral

population. The impact of a genetic bottleneck is

dirictly related to the effective population size, i'e',

the number s1 fleerting individuals. The total amouat

of genetic variation lost during a bottleneck depends

on how quickly the population can renrro to moderate
(several hundred or more) size (Frankel and Soule'

1981).

Genetic variation is correlated with short-term

fitness. i.e., factors which a.ffect reproductive output'

fertility, developmental rate, etc. Inbreeding in small

Dopul;tions can result in loss of genetic variation and

rhus reduced fi1ags5. flenklin (1980) has noted that

a:r hbreeding rate (rate at which genes becone fixed

as identical aileles) as high as one per cent'tncrease
per generation is accepted by breeders of domestic

aoimals. From this he considers that an effective

population size of 50 may be regarded as a minimal

size to maiatain fitness.

Retention of genetic variation is also seen as

essential for a population to retain the capacity to

adapt to new conditions. Franklin (1980) arnd Fra*el

ald Soule' (1981) suggest an effective population size

of 500 individuals as a 'rule of thumb' criterion if the

Table 8

Swimmins distances in sea of certain introduced mammals and Wekas in New Zealand

I  n t roduced An ima l Sea-d i  s tances  Swum Source  o f  ln fo rmat ion

Red deer

Goats

Possums

Cats

Stoats

l{ek as

At  I  eas t  1 .1  km

of knorn to cross sea
gaps

Incapab 1e  o f  c ross i  ng
sea gaps

I  ncapab 1e  o f  c ross ing
sea gaps

U p  t o  1 , 1  k m

At  leas t  860 m in
spec  ia l  c  i  rc  umst  an  ces

< 300 m in  coo l  sou thern
waters .

oeer sfam to Secretary
Is land f rom ma ' in land

Tay lo r  and T i  l  1eY
( 1984 )

l{ekas swam to t'l au d
Is l  and,  Pe l  o rus  Sound
from mai nl and

R.  H.  Tay l  o r ,  Pers .
corrm.Rat tus  ra t tus  and

R.  norveg I  cus

Rat tus  exu  I  ans <  2 0 0  m ,  P o s s i b l Y  (  5 0  m

\2

A t k i n s o n  ( f  9 8 6  )
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evolution of a species is to continue. At this size,
losses of genetic vadation through random fixation of

genes are thought to be approxirnately balanced by
gain in genetic variation from mutation.

Translocating an endangered species to a new

island will frequently bllict a genetic bottleneck on

thc population although the source population may

;rlready be at very low numbers. If the population
hcreases quickly in its new habitat, ma:r's intervention
has done no more than replicate the many thousands
of founder events that occur when islalds are

colonised naturally by species. Not all translocations
are successfirl however, so that if the risks of genetic

inooverishment are to be avoided, further
intirventiou durirrg the initial stages of establishment,
to boost numbers as rapidly as possible, should always

be included in the recovery Plan.

There are still uncertainties about the minimum

effective population sizes that species cal tolerate
without serious loss of genetic variation. The

guideliues have been developed lrom work with

domestic animals ard Drosophila fruit flies and they
may not be appropriate for wild populations of birds,
some mammals, reptiles, irvertebrates and various
groups of plalts. For example, the effective
poputatiott size of the Chatham Island black robin has

remained below 25 hdividuals for nearly a century

and at present there are no obvious signs of reduced

short-term fitness (D.V. Merlon. pcrsonal

communication). In terms of retaining long-term

adaptabfity, the available evidence from enimals and

higher plants that have been studied is pointing to

effective population sizes of hurdreds if not

thousands of individuals rather than tens. This

uaderlines the importanca of large effective size for a

reserve (Frankel 1984) and suggests two strategies for

avoiding genetic impoverishment in small populations

on islands: (i) use of islands large enough to support a

spccies population of several hundred individuals
without further intervention and (ii) use of several

small islands which together can provide sufficient
habitat for an effective population size above the

recuired rninimum, In this second case, intervention

by means of periodic exchanges of individuals

bltwEen islands would be needed to ensure that
genetic vadation is maintahed.

Priorities for Island Restoration

The forcgoing discussion of problcms of islard

management has focused on endangered species. The

irrcversible finality of extinction makcs it imperatiYo

to focus on endangered species but other problems of

island management cannot be forgotten. Of

particular importance are those associated with

iestoring an islard depleted by man of its native flor4

fauna and biotic comrnunities. In pursing restorative
action the assumptiou is that a state of the system can

be reached which is closer to tlat operating before

depletion or other modification begal. In fact the

original state of the system is often not known and

whatever nodel is used it is based olten largely on
inference.

Nevertheless, tbere are stroDg reasoos lor

attemptirg the biological restoration of some islands.

Providing habitats for endangered species has been a
primary motivation for restoring islands, but such
action also increases the habitat for other plants and
animals of restricted distribution. With certain kinds

of restorative action, particularly the removal of
introduced browshg arod predatory mammals, the

recovery of whole communities becomes possible.

Details of restorative action involving the removal
of various introduced mammals from islands are giveu

by Bell (this workshop), but New Zealand is not the

only courtry that has applied a multiple-step
approach to island restoration. In the Bermuda
Islands, Wingate (1985) has described his pioueer
work is restoring tbe tiny (6 ha) isla-nd of Nonsuch
from a desert condition to a point where it is now
supportilg examples of maly of Bermuda's original
habitats.

Notwithstanding the high value of malry small
island reserves, larger areas of habitat will be needed
for many larger species of plants and anirnals. This

underlines the importance of restoring the biotic
communities of large islands. Four of the most
intEnsive eradication campaigns, all now successfully
completed ir New Zealand, concern islar:ds larger
than 1 000 ha : the eradication of goats from Raoul
Island (2 938 ha), Kermadec group; the eradicatiou of
cats from Little Barier Island (2 917 ha), and the
eradications ridding Kapiti Island (1 970 ha) of

oossums ard Codfish Island (1 396 ha) of both wekas

and possums. There are, however, other large islands

whose biological values or potential for supporting
endemgered species is very high and all are in need of

restorative action. These hclude Great Barrier

Islard (28 510 ha), Rangitoto Island (2 333 ha), Great
Mercury Island (1 718 ha) and Mayor Island

G n7 ha) among islancls of the continental shelf.
Among the oceanic islands restorative action is
needed particutarly for Auckland Island (45 975 ha).
Pitt Island $ 2$ ha) has a greater potential for

protecting wildlife in the Chatham Islands than any

other island.

The future conservation role ol islards such as

Great Barrier and Pitt depends very much on the
understanding and good will of their human

inhabitants. Here lies a great challenge because, rn
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