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ECOLOGICAL RESTORATION OF NEW ZEALAND ISLANDS -
INTRODUCTION

D.R. Towns!, |.A.E. Atkinson? and C.H. Daugherty?

'sciENCE AND RESEARCH DIVISION, DEPARTMENT OF CONSERVATION,
P.0.BOX 10-420, WELLINGTON
2psiR LAND RESOURCES, PRIVATE BAG, LOWER HUTT
3scHOOL OF BIOLOGICAL SCIENCES, VICTORIA UNIVERSITY OF WELLINGTON,
P.0. BOX 600, WELLINGTON

A very significant part of New Zealand's biological heritage depends for its future on our offshore and

outlyingislands. No area on the mainland can provide the same opportunities for protecting lowland and
coastal communities from the major modifying influences of humans and their introduced animals.
Furthermore, islands provide the most cost-effective method for protecting many species of endangered
or potentially endangered animals and plants. The intelligent management of islands and their biotas must
therefore be seen as a major component of a comprehensive policy for nature conservation in New
Zealand.

A comprehensive conservation policy must go beyond passive protection of biological resources. The
Conservation Act (1987) for the first time made one department, the Department of Conservation,
responsible for managing the nation's biological, historic and prehistoric heritage. The Act also gave three
new areas of responsihility to the Department of Conservation that were not previously included in the
conservation statutes. First, protection was interpreted in the context of enhancement, thereby providing
for active intervention in management. Second, a mandate for advocacy was included. Third, the Act
required that management must take account of the rights of the tangata whenua (people of the land) as
provided for by the Treaty of Waitangi. Although these new responsibilities have wide ramifications, they
came with few national guidelines on how they should be applied to islands. Effectively applied, they will
involve the public through education, facilitate partnerships between conservation organisations and Maori
tribal authorities, and increase the options for conserving rare species, communities and other resources
both natural and historic. Inappropriately applied there is potential to create some expensive mistakes
(Diamond 1990).

The Conference on Ecological Restoration of New Zealand 1slands was held between 21 and 24

November 1989 at the University of Auckland. The theme of ecological restoration was envisaged as a
catalyst that would raise, and possibly crystallise, many issues facing those interested in island management.
It generated wide interest (240 participants), 55% of whom were either private individuals or from

agencies other than the Department of Conservation. The 31 papers and 6 workshop summaries included

in the following volume examine almost all facets of island management in New Zealand and provide a
wealth of ideas and information that will have practical application in the future as well as a basis for
much Department of Conservation policy.

The 1989 conference was not the first to concentrate on New Zealand islands. The largest previous one,

however, focused on the northeastern islands (Wright and Beever 1986), whereas this conference covered
the entire resource and also drew on lessons from Hawaii (Carlquist) and Australia (Rosier). Unlike the

preceding conference, the present one aimed to raise issues of direct application to resource managers
including issues of public participation and tourism.

The volume is divided into four sections. In Section 1 an international perspective on the New Zealand

biotais given by Diamond, while the review by Daugherty et al. underlines the significance of islandsin
maintaining the diversity of this biota. Several contributions address gaps in the current approach to island



restoration: Ballantine (marine systems), Davidson (archaeological sites) and Gibbs (invertebrates); while
others discuss particular techniques relevant to restoration (Chester, Saunders, Veitch and Bell). Atkinson
examines ways of achieving success with restoration programmes, and Simberloff's contributions analyse
the theoretical and practical constraints inherent in restoration with suggestions for overcoming some of
them. Meurk and Blaschke look at the restoration potential of islands from a climo-edaphic viewpoint
while Towns et al.'s contribution outlines the potential for restoration within a specific island group.
Innovative ways of involving the public are emphasised by Craig and by Bellingham, while the experience
of public volunteers is described by Galbraith. O'Connor and Simmons discuss the potential threats to
islands from an increasingly mobile public, McLean and Sharp approach this problem from an economic

viewpoint, and the prospect of World Heritage status for at least some of the islands is raised by Molloy
and Dingwall.

The results of these presentations were debated in six workshops, each introduced by one or two position
papers that acted both as reviews and sources of questions for debate. Three topics, eradication of pest

species, trang ocation of organisms and revegetation, are elements in restoration programmes, and were
treated separately. There were potential areas of either conflict or support for these activities and these
formed the basis for the other three workshops: recreation and tourism, cultural perspectives, and

advocacy (public participation).  These position papers with recommendations of the workshops are
presented in Sections 2 and 3.

More papers were presented than could be published in thisone volume.  Apstracts for those not

published in full are provided in Section 4. A number of additional papers are being published by the
Journal of the Royal Society of New Zealand.

We have set atight schedule for publication of this volume, and could only aspire to it because of the able
assistance provided by the Science Publications Manager, Jane Napper, and Science Editor, Mary
Cresswell.  Thelevel of their effort and commitment can be seen from the quality of this production.
Thanks should also be expressed to Leigh Moore for drafting, to Hugh Best for assistance with
photographic work, to all those who reviewed papers and to those few contributors who had to withstand
constant badgering for being unable to produce their papers when we asked for them. Our special thanks
are due to Professor John Wells of Victoria University for coordinating funding and itineraries for Jared
Diamond and Dan Simberloff; to Rod Morris of the Natural History Unit of Television New Zealand for
making Shelwin Carlquist's presence possible; and to other members of the Conference Organising
Committee, particularly Dick Veitch, for organising the conference facilities and venue. Finaly, our thanks
to Professors Carlquist, Diamond and Simberloff for their thought-provokingcontributions and discussions.

August, 1990
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NEW ZEALAND ASAN ARCHIPELAGO:
AN INTERNATIONAL PERSPECTIVE

Jared M. Diamond

DEPARTMENT OF PHYSIOLOGY, UNIVERSITY OF CALIFORNIA MEDICAL SCHOOL,
LOSANGELES, CALIFORNIA 90024-1751, USA

ABSTRACT

New Zedand's biotaisinteresting on an international scale for many reasons. For example, though
one usually thinks of New Zealand as an idand or archipelago, it is also one of the world's smallest
continents, defined biogeographically as aland mass within which birds and mammals can achieve
completed speciation not dependent on water gaps. Its biota arrived both over water during along
time and over land in the far-distant past, and then redistributed itself within the modern New
Zealand archipelago both over land (at Pleistocene times of low sealevel) and over water. The
hiotas of New Zealand and Madagascar are the closest we shall ever come to observing the products
of continental evolution in island-like isolation, unless we discover higher life on another planet.

Findly, New Zealand is distinctive in the two-stage destructive impactsit received from human

colonists, and in the innovativeness with which its biologists are now seeking to mitigate those
impacts. All these features make New Zealand one of the world's biological prizes.

WHY ARE NEW ZEALAND'SPLANTSAND ANIMALSIMPORTANT AND INTERESTING?

To understand the answer to this question, think how it would revolutionise our understanding of biology
if we could discover and study life on another planet. An extraterrestrial biotawould constitute a natural
experiment in the evolution of life - an experiment completely independent of the one that has taken place
here on Earth. It would thus expand our sense of what is biologically possible.

Unfortunately, such a discovery is extremely unlikely within our lifetimes, and it would cost prodigious
guantities of money to follow up anyway. Our next best opportunity, and one that actually exists, isto
study oceanic islands, which represent at least partly independent experimentsin life's unfolding. Oceanic
biotas started off with the same life forms widespread el sewhere on Earth, but some island biotas
subsequently enjoyed along independent evolution. In practice, most oceanic islands are too young, too
accessible to new immigrants from continents, and too small and hence cursed with too high natural
extinction rates to have generated biotas drastically different from those of the continents. For those
reasons the most interesting oceanic islands are New Zealand, Hawaii, New Caledonia, and Madagascar.

All four of these islands are extremely interesting, but there are compelling and obvious reasons for
picking afavourite. Hawali's biota has been limited by Hawaii's small area and young age. New
Caledonids hiota, though old, has similarly been limited by small area. Madagascar is both large and old
but has been too accessible to Africa, with the result that it has been colonised by many groups of
flightlessmammals. While those mammals are of great interest, they prevented the evolution of unique
non-mammalian taxa to replace mammals.

New Zealand is as close as we will get to the opportunity to study life on another planet. New Zealand
is by far the largest remote oceanic island. Dry land has persisted in the New Zealand region for at |east
the past 100 million years. New Zealand lacks native terrestrial mammals, which are the dominant large
terrestrial non-flying animals elsewhere in the world. In the absence of these otherwise ubiquitous
dominants, the lack of mammalian competitors and predators permitted New Zealand to evolve taxa that
were derived from other animal groups, that served to some degree as functional equivalents of mammals,
but that have no functional and taxonomic equivalents elsewhere in the world except (in some cases) on

some other oceanic islands.
3



The most familiar mammal replacements on New Zealand are of course the moas, which played the role
of the largest dominant herbivores. The only approach to moas elsewhere in the world were the elephant
birds of Madagascar plus the surviving ratites of the continents, but none of these other groups of very
large flightless herbivorous birds radiated to anything like the degree that the moas did. New Zealand
also had medium-large flightless herbivorous birds, including the takahe (paralleled by similar-sized
flightless rails on various other oceanic islands) and the kakapo (paralleled by nothing else anywhere).

Less spectacular but equally interesting are the New Zealand taxa that evolved to replace such small
mammals as mice and rats. The misnamed Stephens Island wren, which formerly occurred on the New
Zealand mainland, was (except for its recently discovered extinct relativesin New Zealand) the world's
only known flightless songbird and functioned as an avian mouse. The short-tailed bats are the world's
most terrestrial bats and represent the bat family's attempt to produce a mouse. The giant wetas, which
constitute the arthropods' effort at mousedom, range up to double the size of our familiar mammalian
mice. Many other New Zealand plants and animals are equally notable.

NEW ZEALAND: ISLAND OR CONTINENT?

New Zealand has an additional interest to biogeographersin particular.  While we conventionally think
of New Zealand as an island, it also rates as a continent, in two senses.

First, New Zealand long ago was part of the large southern continent, Gondwanaland. Hence some of
New Zealand's oldest endemics may be surviving relicts of that Gondwanaland biota.

Second, reflect that if one defines an island as a water-girt land mass, then there is no clear distinction
between idlands and continents except in area. Australia, the Americas, and the Eurasian/African block
are also water-girt land masses.  Thus, what, if anything, is the distinction between a continent and an
island?

The answer isthat thereis an important biological distinction between continents and islands, depending
on their mechanisms of completed speciation - i.e., their opportunities for evolving multiple sympatric
daughter taxa from one ancestral taxon. On large land masses, populations of the same species can
develop significant geographic variation within the same land mass, and geographic barriers may eventually
come to divide conspecific populations. Thus, it is possible for completed speciation to take place within
the confines of the land mass. This processis referred to as continental speciation (Diamond 1977). As
one considers land masses of decreasing size, one eventually reaches a point where geographic variation
or the division of the species range by geographic barriersis no longer possible. In that case, completed
speciation requires water barriers that isolate differentiating populations by water gaps between islands
of the same archipelago (so-called intra-archipelagol speciation) or by water gaps between different
archipelagos (inter-archipelagal speciation).

Naturaly, the actual arearequired for operation of continental speciation varies among taxa and depends
in particular on population densities and mobilities. Sedentary taxathat live at high population densities,
like land snails and flightless insects, have speciated on Pacific islands with areas of only afew sguare
kilometres. For birds, however, the smallest land masses on which continental speciation has occurred are
New Guinea (compare the radiations of birds of paradise and dozens of other bird groups), Madagascar
(the radiations of couas and vangids), and possibly New Zealand. Much bird speciation in New Zealand
has surely been across the water gaps separating the North Island and the South Island, as exemplified
by present distributions of the whitehead and yellowhead. However, distributions of the species of kiwis
and the subspecies of wekas suggest the possibility that New Zealand has been just large enough for
continental speciation to have operated in birds within the confines of the North Island or the South
Island.

Thus, New Zealand is interesting not only as an island, but also as the world's smallest continent.



LAND-BRIDGE AND OCEANIC ISLANDS

Among islands, biogeographers distinguish between land-bridge islands and oceanic islands. The New
Zealand archipelago includes both of these types of islands.

Land-bridge islands are ones separated from nearby continents or larger islands by straits currently less
than about 150 m deep. Hence land-bridge islands were connected by dry land to their neighbouring
continents or larger islands at Pleistocene times of low sea level, when the sea dropped to about 150 m
below its present stand. Familiar examples of land-bridge islands around the world include Britain,

Trinidad, Newfoundland, Sri Lanka, Fernando Po, and Tasmania, formerly connected to Europe, South

America, North America, Asia, Africa, and Australia respectively. During the Pleistocene many islands
of the New Zealand archipelago, such as the North Island, the South Island, Stewart, and many smaller

islands, were connected to each other. However, other islands, including the Snares, Chathams, Auckland,

Campbell, Macquarie, Raoul, and Antipodes, lacked such connections to the expanded Pleistocene New

Zealand mainland (see p. v). These latter islands constitute oceanic islands within the New Zealand
archipelago, just as the whole New Zealand archipelago constitutes an oceanic island group vis-a-visthe
rest of the world.

The biogeographic significance of this distinction between land-bridge and oceanic islands was made
famous by the father of biogeography, Alfred Russel Wallace, on the basis of his studies over a century

ago in the Indonesian archipelago. Land-bridge islands throughout the world regularly support alarge
variety of flightless mammals, such as rhinoceroses and tigers, unable to cross major water gaps. Oceanic

islands support only those taxa capable of crossing water gaps, such as volant animals, plants dispersed

by wind, waves, and birds, and small vertebrates well adapted to overwater dispersal by rafting.

In the case of islands flanking the major continents, it is thus obvious why the distinction between
continental and oceanic idandsis of decisive biogeographic importance. Yet it is not so obvious why the
distinction should still be important for remote archipelagoes, such as New Zealand.  One could be
forgiven for assuming that any species capable of getting across the 1500 km water gap separating New
Zealand from Australiawould also be capable of covering the mere 105 km from the New Zealand
mainland to the Snares, or the 640 km to the Chathams. However, most New Zealand species didn't.
For some, such as the takahe and weka, the reason is obvious: they are clearly derived from still closely
related volant ancestors (similar to the extant swamphen and banded land rail) that flew to New Zealand

from Australia, but they subseguently evolved flightlessness on New Zealand and were thus barred from

reaching the Snares or Chathams. But why do so many of New Zealand's volant birds still fail to fly to

these oceanic islands of the New Zealand region?

It turns out that many bird speciesthat are strong fliers over land behave asif they are flightless when
they come to awater gap. Such bird species do not reside on oceanic islands and are never seen to
disperse overwater to any island. Such "behaviourally flightless' species have been reported from many
parts of the world, including North America, South America, Asia, and New Guinea (Diamond 1972,
MacArthur, Diamond and Karr 1972, Diamond 1976, Jones and Diamond 1976, Diamond 1981, Diamond
and Gilpin 1983). Among such speciesin the New Zealand region are the kea, New Zealand scaup, New

Zealand dabchick, brown creeper, whitehead, and yellowhead. The keais a notably strong flier that can

be seen on any day within its preferred habitat, flying high and for considerable distances. The scaup and
dabchick also fly for considerable distances over land within New Zealand. While the brown creeper,
whitehead, and yellowhead are not such notable fliers, they are nevertheless perfectly capable of

respectable flights.

Thefailure of al these volant species of the New Zealand region and other regions to disperse over water

involves selective behavioural flightnessness, not mechanical flightlessness. One can think of them as being

afflicted by fear of flying over water (Diamond 1984).  This phenomenon illustrates two aspects of
dispersal, a property of plants and animals that plays a central role in biogeography and population
hiology.

First, the behaviourial basis of dispersal is subject to natural selection, just as are physiology, mating
behaviour, and the anatomical bases of dispersal (e.g., wings). Dispersal involves trade-offs between costs
(e.g., the expense of wings, the risk of dying en route, the risk of reaching an area less suitable than the



natal area), and potential benefits (the possibility of reaching an area of suitable habitats not already
occupied by conspecifics, and hence of founding a new population). The balance between these costs and

benefits varies greatly among species. For example, dispersal offers high potential benefits for second-
growth species, whose natal areas may soon grow into unsuitable habitats but for which suitable new areas

of second growth are constantly appearing elsewhere. However, it may offer few benefits to species of
large continuous tracts of stable habitats, such as forest-interior species.

Second, the New Zealand biota also illustrates how dispersal ability evolves with time in phylogenetic

lineages, just as do other biological properties. This point isillustrated by the numerous species that
colonised New Zealand and other oceanic islands over water, and that then proceeded to evolve
mechanical or behaviourial flightlessness.

Thus, the New Zealand biotais of further interest to biologistsin offering such rich material for studying
the evolution of dispersal ability.

ISLANDSAND EXTINCTIONS

Let us now turn to adarker area of outstanding interest. All oceanic islands so far investigated
palaeontologically have yielded evidence of mass extinction waves related to human colonisation. New
Zedland is o exception to thisrule. However, since New Zealand started off with the most important
and interesting biota of any island, the extinctions on New Zealand have been the worst tragedy to befall
theworld'sisland biotas. New Zealand actually suffered two extinction waves related to human
occupation. The fast wave followed Maori arrival. It exterminated all the moas, Haast's eagle, and many
other species throughout their range, and also exterminated mainland populations of such other species
as tuataras and Hamilton's frog and confined them to offshoreislands. The second, still on-going,
extinction wave followed European arrival and similarly eliminated many species (e.g., huia and laughing
owl) throughout their range while confining others (e.g., stitchbird and little spotted kiwi) to offshore
idands.

For along time, biologists thought that islands first colonised by people other than Europeans were
biologically pristine until European arrival. The first discoveries that would eventually refute this view
were of New Zealand's moas and its other subfossil taxa. Subfossil evidence, especially since 1980, has
now documented extinctions associated with human colonists before Europeans for every other oceanic
island palaeontologically studied. The best known of these pre-European extinctions after New Zealand's
moas were of the giant lemurs and elephant birds of Madagascar and the flightless geese of Hawaii.

Obvioudly, the second extinction wave that began on New Zealand with European arrival isfar from

finished. When I first cameto New Zealand in 1965, there were still kakapo on the mainland, the future
of Fiordland's takahe seemed reasonably assured, | could still hope to find bush wren, and the status of
yellowhead was not of concern.  Within the past 25 years the last kakapo have been removed from the
mainland, efforts to preserve takahe outside Fiordland have had to be instituted, the bush wren has

disappeared entirely, and the yellowhead has joined the list of species whose status must cause alarm.

The pre-European extinctions on Pacific islands have become a contentious issue. Increasingly today, we
view extinctions as bad, and people responsible for extinctions as evil. It is thus understandabl e that

native Hawaiians in my own country, as well as the Maoris of New Zealand, should view claims that their

ancestors were responsible for an extinction wave as just one more in along series of racist insults by
which Europeans sought to justify depriving them of lands and opportunities.

In fact, from an ethical point of view thereisabig difference between the pre-European extinction waves

and those of today. Nowadays we read in books about all the extinctions that have already happened, and
we have some scientific understanding of population growth rates that can be sustained. For people today
to continue to act in ways likely to exterminate species thus constitutes a destructive act performed with
full knowledge of the consequences - amoral evil. In this respect today's extinctions differ from those of
the pre-literate past, which can only be described as tragedies whose consequences could not have been
foreseen by those responsible for the extinctions.



CONTRIBUTIONSBY NEW ZEALAND CONSERVATION BIOLOGISTS

Having mentioned some contributions of New Zealand's biota to our understanding of biology, let me now
mention the contributions of New Zealand's conservation biologists to the field of conservation biology
internationally. These contributions are easily described as constituting the most imaginative and cost-
effective conservation programin theworld. The program in New Zealand has integrated boldly
imaginative practical measures and fundamental biological knowledge with the stick-to-it patience required
to get the last cat off Little Barrier and the last possum off Kapiti. Six contributions of New Zealand's
conservation biologists seem to me especially influential

First, New Zealand has led the way in control of introduced pests, including not only Little Barrier's cats
and Kapiti's possums but also the elimination of pigs from Aorangi, goats from Cuvier, and rats from two
islands of 1.5 km? each. If | had been asked afew years ago, | could have imagined few tasks more
hopel ess than that of trying to eradicate rats from such islands. This breakthrough will be important for
the conservation of giant weta, tuataras, native skinks, and native frogs. All these New Zealand pest
control programs have expanded internationally our ambitions for pest control, expanded our recognition
of what is possible, and transformed pest-ridden islands into ones suitable for introductions of threatened
Species.

Second, New Zealand biologists have pioneered in the introduction, re-introduction, and transfer of
threatened species. Probably the most famous success stories have been the transfers of saddlebacks and
of Chatham Island black robins, but transfers of wetas, skinks, and land snails are of equal significance.
Such re-introductions have been imitated in the United States for some time in the case of the peregrine
falcon, will soon be imitated for our California condor, and are being imitated in Brazil in the case of the
golden lion tamarin.

Third, | would cite the spectacular cross-fostering program that enabled the black robin to recover from
alow of seven individuals. The United States has been trying to imitate this program for the whooping
crane, but with less success at overcoming the problem of cross-speciesimprinting.

Fourth, New Zealand conservation biologists have pioneered the concept of using offshore islands as

refugia for species that would otherwise be doomed on the battered mainland. Americans will probably
imitate this program soon for those few native forest bird species of the island of Guam that could be
rescued from an extinction wave caused by an introduced snake. Two of these birds are now being bred

in captivity and may be reintroduced to snake-free islands near Guam.

A fifth New Zealand speciality has been ecological restoration of battered habitats, as exemplified by
Tiritiri Isand. Ecological restoration has now become a major subfield of biology in the United States
and elsewhere.

Finally, the transfer of surplus saddlebacks from Cuvier Island to other islands transformed Cuvier into
virtually an outdoor aviary, and provided increased security for saddlebacks in case disaster strikes Cuvier
itself.

All these innovative measures have set international standards in conservation biology and have been
imitated el sewhere in the world.

WHAT DOESTHE FUTURE HOLD FOR NEW ZEALAND'SBIOTA?

Obviously, big problems remain despite the pioneering efforts that | have just mentioned. Whether the
kakapo, New Zealand's most remarkable surviving bird, will be saved promisesto be a cliff-hanger. Not
just birds but also unique native plants, bats, insects, and land snails are threatened. Conservation
measures that have seen only limited application in New Zealand so far will undoubtedly claim further
attention. For example, elaborate genetic analyses are now being done on the California condor and on
other endangered speciesin American and European zoos, in order best to conserve genetic diversity by
specifying who among the available individual captive animalswill be permitted to mate with whom.
Genetic diversity of wild populations can similarly be sustained by occasional translocation of individuals



between fragmented surviving populations, as exemplified by South Africa's transport of black rhinos and
other large mammals between reserves.

How much of New Zealand's present biotaislikely to survive into the twenty-first century? The answer
to that question depends partly on a hard-nosed reality, partly on aless tangible matter of human
tradition. The hard-nosed reality is, of course, money. Not even the most imaginative conservation
program can succeed without funds to carry it out. Since New Zealand has the world's most important
island biota and the world's most effective conservation biologists, | can only hope that the New Zealand
government and private organisations will regard their money as very well spent on conservation programs.

But money alone is not enough. In this connection | am reminded of a poem with which the British poet
A.E. Housman began his collection, A Shropshire Lad. Reflecting on Britain's future, and on his comrades
whom he admired, Housman wrote,

. fear you not,
Be you the men you've been,

Get you the sons your fathers got,
and God will save the Queen.

In that spirit, | am confident that if New Zealand's future conservation biologists are the equal of your
present ones, and if they are given the fundsto carry out their work, God will save your biota.
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ABSTRACT

Islands have historically played a significant role in New Zealand conservation because they contain
such a disproportionately large amount of our biological wealth, including primary endemic species
that never occurred on mainland New Zealand, pseudo-endemic species that once occurred on the

mainland but survive now only on island refugia, and akind of community structure seldom found
outside the New Zealand region. Present knowledge significantly underestimates biodiversity on

islands as measured by taxonomic, genetic, and community criteria. In the future, islands will play
major roles as sites for ecological restoration programmes, nature sanctuaries, sources of knowledge
for restoration goals and methodologies, sources of plant and animal speciesto be used for

trandocation to restoration sites, sites for monitoring of macro-environmental change, and examples
to be used in conservation education programmes.

INTRODUCTION

On being asked why he robbed banks, a famous felon once replied that he did so because that is where
the money is. With a very different intention - to save rather than to steal - biologists can as appropriately
note that ecological restoration in New Zealand will begin with islands, because they are the storehouses
of much of our biological wealth.

Human alteration of islands has often been as devastating as on the mainland. Nonetheless, many species

have survived only because they found refuge, however inadvertently, on inaccessible and isolated islands

where human disturbance was limited. Good fortune must also be invoked, because only that can explain

the absence of rats and other destructive mammals, for example, on islands such as the Poor Knights or

gtephens, which contain such inordinately high proportions of the most spectacular, island-restricted native
iota.

In this paper, we present an overview of the biological resources of all New Zealand, focusing especially
on the contribution of island biotas to that wealth. Because human habitation of New Zealand is so
recent, we consider human-introduced species to be of little value, or detrimental, for restoration
purposes and exclude them from consideration other than as subjects of eradication. We briefly discuss
the difficulties of understanding and fully describing biological diversity, using the unusual biotic
communities of New Zealand islands as an example. Then, we describe some of the ways in which this

diversity islikely to be used in ecological restoration programmes in the coming decade and relate these

uses to existing legal and theoretical guidelines for biological conservation.

BIOLOGICAL RESOURCESOF NEW ZEALAND

New Zealand comprises less than 0.2% of the land area of the world. Its present temperate maritime
climate and turbulent geological history preclude the extraordinarily high diversities often found in tropical
communities, and its geographic isolation presents a formidable barrier to colonisation by many taxa.



The representation of native terrestrial plant and animal taxais thus patchy. Many major taxonomic
groups have never reached New Zealand, most notably terrestrial mammals (except for several species

of bats), whose numbers and effects so dominate most of the world's continents and whose recent
introduction to New Zealand has devastated much of the rest of the biota. At the other extreme, New

Zealand contains a disproportionately high level of global diversity of some groups of widely distributed
birds: 75% of penguin species breed in the New Zealand region, as do 54% of albatrosses and half the

petrels, shearwaters, and prions (Robertson 1985, G. Taylor pers. comm.).

In general, species diversity of the terrestrial biotaislow. For groups represented in New Zealand, for
example, the number of surviving speciesis about as great as that expected ssimply on the basis of
proportional land area (Table 1). Representation of taxonomic levels above the speciesis also relatively

low, but for some groups substantially higher than might be from the small land area (Table 2).

Table 1. Taxonomic diversity at the specieslevel for nativeterrestrial New Zealand vertebr ates.

TAXON NO. OF SPECIES IN NZ/ NO. OF SPECIES AS % OF
NO. OF SPECIES IN WORLD WORLD TOTAL

Class Amphibia 4! /2800 01%

Class Reptilia 60 / 6000 1%

Class Aves 269 / 9000 3%

Class Mammalia? 2 / 4400 0.05%

1 Including one undescribed species (Daugherty and Bell, unpub. data).
2 Not including whales, pinnipeds, and sirens.

Table 2. Taxonomic diversity at the familial and ordinal level for selected New Zealand native taxa.

TAXON NO. OF FAMILIES IN NZ/ NO. OF FAMILIES AS % OF
NO. OF FAMILIES IN WORLD WORLD TOTAL
Class Angiospermae (flowering plants) 112 / 306! 37%
Order Lepidoptera (butterflies and 37/120 31%
moths)
Order Anura (frogs) 1/23 4%
Order Lacertilia (snakes and lizards) 2/15 13%
Class Aves (birds) 49 / 168 29%
TAXON NO. OF ORDERS IN NZ / NO. OF ORDERS AS % OR
NO. OF ORDERS IN WORLD WORLD TOTAL
Class Insecta 28 /31 9%
Class Amphibia 1/3 33%
Class Reptilia 2/4 50%
Class Mammalia? 1/16 6%

1 Classification of plant families follows Heywood (1978).
2 Excluding whales, pinnipeds, and sirens.
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The relative richness of the New Zealand biota appears much higher when assessed on a unit-area basis.
The average density of species of vascular plants, for example, is equivalent to that found in other
temperate regions, either continental (California) or islands adjacent to continents (British Isles, Japan)
(Table3). Standardised comparison of lizard faunas (Fig. 1) from temperate continental and island
regions reveals surprising richness for New Zealand; for example, the lizard fauna of Australiaincludes
about 10 times the number of species known from New Zealand, yet Australia has aland area about 29
imes greater.  In other words, the predicted number of speciesin New Zealand, based on the
diversity/arearelationship found in Australia, is only about 16 species, one-third of what actually occurs.
Thisis the more remarkable, asthe isolation of the New Zealand land mass for about the past 80 million
years (Stevens 1985) must have greatly limited migration of lizards to New Zealand; the diversity of the
New Zealand lizard faunais therefore likely primarily to result fromin situ evolution (Towns et al. 1985,
Daugherty et al. 1990b, Patterson and Daugherty 1990).

45 species

304

20+

Standardised species richness

Gross
number: 45 37 450 38 3

Fig. 1. Area-corrected speciesrichness of lizardsin five temperate regions. The number of speciesfor New Zealand
(45) representsthe number now described, but approximately 10-15 more await description (C.H. Daugherty, G.B.
Patterson, and RA. Hitchmough, unpub. data).

Locally, diversities of New Zealand lizards may also be extremely high. Thirteen-hectare Middle Island,
for example, supports ten species of lizards, plus the tuatara (Towns et al. this conference a). As many
as seven species of lizards occur sympatrically at some mainland sites (Towns et al. 1985).

In addition to taxonomic diversity, a second important measure of the significance of the New Zealand
biotais endemism. At the specieslevel, endemism is exceptionally high (Table 4). Among taxa of low
vagility or low salt-water tolerance such as gymnosperms, running water invertebrates (mayflies, stoneflies,
caddisflies), amphibians, and reptiles, endemism approaches 100%. Even among highly vagile species such
as birds, the proportion of endemic speciesis reasonably high.

Above the species level, endemism is also high. For example, one family of frogs, one order of reptiles,
five families and one order of birds, and two families of insects occur only in New Zealand. New Zealand

lacks such magjor taxa of terrestrial animals as marsupial mammals, terrestrial snakes, land turtles, and
salamanders, but it also possesses entire orders found nowhere else - e.g., tuatara and kiwi.

Thus, within selected groups, the biota of New Zealand is highly distinct.  Its distinctivenessis partly
explained by its antiquity. Many of the most characteristic taxa clearly reflect a Mesozoic origin: tuatara,

1



native frogs, running water invertebrates, Peripatus, podocarps. Equally importantly, the biota evolved in
the absence of terrestrial mammals, whose activities have so strongly shaped the biota of most of the rest
of theworld. In this sense, as Diamond notes (this volume), the New Zealand biota may be as exceptional
asthat of another planet.

Table 3. Area-corrected species diversity of vascular plantsin four temperate geogr aphic regions.!

GEOGRAPHIC REGION TOTAL NUMBER OF SPECIES SPECIES / 1000 km?
OF VASCULAR PLANTS
British Isles 1702 55
New Zealand 2362 8.8
California 3727 93
Japan 4022 10.7

1 Datafrom Godley (1975) excepting New Zealand, where the speciestotal isthat of Druce (1989).

Table 4. Levels of endemism among native New Zealand species.

TAXON % ENDEMIC SPECIES
Ferns! 45%
Gymnosperms? 100%
Monocotyledonous plants? 81%
Dicotyledonous plants? 89%
Butterflies and moths 90%
Amphibians 100%

Reptiles 100%

Birds 23%

1 Datafrom Brownsey and Smith-Dodsworth 1989.
2 Datafrom Godley 1975.

Finally, the distinctiveness of the New Zealand biotais also due to the absence of humans throughout its

long evolutionary isolation. New Zealand was the last major landmass with a diverse biota to be colonised
by humans, only 1000 years ago. Despite the widescal e effects of humans, glimpses of pre-human New
Zealand remain, and nowhere more than on some New Zealand islands.

GEOGRAPHY OF NEW ZEALAND ISLANDS

Consideration of the biological values and uses of New Zealand islands requires an understanding of their
geography. Atkinson and Bell (1973) and Atkinson (1989), who review the geography and natural history
of New Zealand islandsin detail, identify two primary categories of islands. Outlying or oceanic islands
lie more than 50 kilometres off the coast and were never connected to mainland New Zealand (p. v).
Offshore or continental-shelf islands lie within about 50 kilometres of the three main islands of New
Zealand and were connected to the mainland during glacial periods when sea levels were lower.

Outlying islands range from about 29°-53°S, about twice the span of the main islands of New Zealand, and
include the following groups, most of which are volcanic in origin: the Kermadecs, the Three Kings, the
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Chatham Islands, Bounty Islands, Antipodes | slands, Snares I slands, Auckland Islands, and Campbell
[dands.

The Chatham Islands were the only outlying islands permanently settled by Polynesians. Europeans settled
and farmed the Chatham Islands. Attempts at permanent European settlement on the Auckland and
Campbell 1slands failed.

There are at least 600 islands greater than 1.0 hectare in area within this category, including about 228
greater than 5 hectares (Atkinson 1989). These islands occur in four main geographic groups: (1) the
northeastern islands, from North Cape to East Cape, including al the islands in the Hauraki Gulf and Bay

of Plenty; (2) the Cook Strait islands; (3) the islands of Fiordland; and (4) the southern islands, in Foveaux
Strait and around Stewart Island (see pp. 214, 288). Many offshore islands are volcanic in origin, and all

are characterised by low elevation and atemperate marine climate. Virtually none are pristine; Maori
undoubtedly visited all offshore islands regularly, following their initial arrival in New Zealand a
millennium ago and established long-term settlements on some of the larger ones, e.g., the Poor Knights,

Hen and Chickens, Little Barrier, and Kapiti.

Among the important effects of humans on islands and their biotas are land clearing and periodic fires;

harvest of seabird or seal populations; and introductions of grazing mammals and mammalian predatory
species.  Only 13% of offshore islands remain free of introduced mammals and wekas (Atkinson 1989).
Management of all islands must therefore be planned and conducted within the context of a history of

human alteration (Simberloff this volume a, Townset al. this volume b), even for those islands such as the
Poor Knights that have extremely high indigenous biotic values.

BIOLOGICAL RESOURCES OF NEW ZEALAND ISLANDS

Islands are not simply miniature versions of mainland New Zealand (e.g., Meurk and Blaschke this
volume). Some species, such as moas and a pine plants, for example, were largely unsuccessful onislands.
Conversely, many island species apparently evolved on islands and are not known ever to have occurred
onthemainland. These species, known as primary endemics (Watt 1986), include such well known
examples as the Poor Knights lily (Xeronema callistemon - known only from the Poor Knights and Hen
Islands); the Three Kings skink (Leiolopismafallai), the liane Tecomanthe speciosa and many insect species
(Watt 1986), all from the Three Kings Islands; and Forbes parakeet ( Cyanoramphus forbesi, Triggs and
Daugherty, in press) and black robin (Petroicatraversi) (Robertson 1985) from the Chatham Islands.

Pseudo-endemics (Towns and Robb 1986), on the other hand, are refugee species, previously occurring
on mainland New Zealand, but now surviving only on offshoreislands. Well-known examples include the
largest of all giant weta (Deinacrida heteracantha - now known only from Little Barrier Island), tuatara
(Sphenodon), Duvaucel's gecko (Hoplodactylus duvaucelii ), Hamilton's frog (L eiopelma hamiltom) (Worthy
1987, Pickard and Towns 1988), saddleback ( Philesturnus carunculatus), and stitchbird (Notiomystis cincta).

For afew idland species, such as the still unnamed tusked weta (known only from Middle Island in the
Mercury group; Mclntyre 1989), origins and type of endemism remain unclear.

Considering both primary endemics and pseudo-endemics, the levels of endemism onislands are variable,
but often high. About 6% of New Zealand terrestrial vascular plant species, for example, are restricted
entirely to islands (Atkinson 1989), but over 40% of giant weta ( Deinacrida) species, 46% of athoraco-
phorid slugs (Burton 1963, Climo 1973), 50% of frog species (Leiopelma, including one undescribed
species - C.H. Daugherty et al., unpublished data), and both species of tuatara (Daugherty et al. 1990a)
areisland endemics. Nearly all procellariiform seabirds of the New Zealand region now breed only on
islands (Robertson 1985).

Rarity and endemism frequently go hand in hand, and many of the species of highest conservation
importance are limited to islands. As extreme examples, Sphenodon guntheri, two species of Leiopelma,
the Middle Island tusked weta, and Deinacrida heteracantha are found on only oneisland each. All
outlying idlands and at least seven offshore islands have endemic species, and 48% of insect species on the
Protected Species List (Wildlife Amendment Act (1980)) occur only on islands. Of the 23 rarest species
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of lizards, 74% have island populations, and 56% are found only on islands (see pp. 213, 287). Thus, a
large proportion of the biological wealth of New Zealand occurs as species limited entirely to islands or
with a significant proportion of their distributions onislands. Without island refugia, the terrestrial biota
of New Zealand would be vastly impoverished, as would the seabird fauna of the entire world.

The above listing also demonstrates that present knowledge underestimates biological diversity on isands,
asignificant concern because taxonomy provides the essential foundation for determining management
priorities (Green and Losos 1988, Avise 1989, Daugherty €t al. 1990a). Since 1985, systematic studies have
revealed the existence of many new species of the single best known group of organisms, terrestrial
vertebrates, including tuatara (Daugherty et al. 1990a), native frogs (C.H. Daugherty €t a. unpubl. data),
and numerous lizards (Patterson and Daugherty 1990, unpubl. data, R.A. Hitchmough pers. comm.). The
number of described lizard species can be expected to increase from about 40 (Newman 1982a, Towns
1985) to about 60 by mid-1990, including many new island species. Even for most species of the highest
conservation importance, very little is known of their biology. The life histories of many species of giant
weta and lizards, for example, have yet to be described; the extraordinary reproductive cycle of the tuatara
has only been described in the past three years (Cree and Daugherty 1988, Cree and Thompson 1988,
Creeeta inpress).

Y et less well understood is the structure and function of the unusual type of community that occurs, or
previously occurred, on most offshore islands. These islands lack not only mammals, but aso the guild
of grazing and browsing moas that dominated mainland New Zealand ecosystems in pre-human times.
Kiwis probably were not found naturally on most offshore islands, except afew of the largest such as
D'Urville.

These communities consist of four main elements that in combination may seldom have dominated island
communities elsewhere in the world:

Low-growing salt- and wind-tolerant coastal trees such as pohutukawa (Métrosideros spp.),
taupata (Coprosmarepens), ngaio (Myoporum lagtum), and coastal hymenanthera
(Méelicytus spp.), that often form a complete canopy over arelatively open forest floor;

Large invertebrates such as giant weta, the Middle Island tusked weta, the Stephens
Island weevil (Anagotis stephenensis), carnivorous snails (Rhytida spp. and Powelliphanta
spp.), slugs (e.g., Pseudaneitea spp.), and the giant centipede ( Cormocephalus rubriceps);

Reptilesin high densities and diversities (lizards and tuatara); and

Seabirdsin high densities and diversities (penguins, petrels, prions, shear waters, gannets,
gulls and shags).

Terrestrial bird species such as parakeets ( Cyanoramphus spp.), kaka (Nestor meridionalis), saddlebacks,
and bellbirds (Anthornis melanura) may be common on these islands, but do not appear to play a
dominant ecological role equivalent to that of the seabirds.

Seabirds at high densities appear to function as keystone species (Simberloff this volume a) that support
the high biological diversity of these island communities. The enormous numbers of birds that forage
throughout the south Pacific and Southern Oceans converge on New Zealand islands to breed. Perhaps
half amillion fairy prions (Pachyptilaturtur) return in spring to 150 hectare Stephens Island, for example,
along with smaller numbers of several other species. Their faeces enrich the deep soils, giving riseto an
abundant invertebrate community that supports populations of seven species of lizards, one species of frog,
and at least 50,000 tuatara, the latter occurring at densities as high as 2000/ha, for an animal that weighs
400-500 grams on average (Crook 1975, Newman 1982b, 1987, Carmichael et al. 1989). The density of
tuatara on Stephens appears to be unusually high, but on other islands densities greater than 100/ha are
common (Newman 1986, Thompson €t a in review, Daugherty, C.H., Cree, A., Hay, JM., pers. comm.).
Densities of lizards on islands can be even higher (Whitaker 1968, Towns 1975).

Ecological relationships within these communities are still poorly understood. ~ Tuatara have been
postulated to be dependent on prions and other seabirds (Crook 1974); tuatara not only use seabird
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burrows but also prey on chicks and injured adults. Energy flows, the ecological roles of insects and other

invertebrates, and the levels of dependence of the keystone species - seabirds - on energy imported from
marine species such as fish and squid have not been studied. Further, the high levels of species diversity
within each of the four dominant elements of these communities mean that generalisations about
community structure and function will require substantial further study (see next section); no two islands
are the same.

With the predominance of burrowing seabirds, New Zealand island communities differ from those of island
communitiesin the rest of the world. Within the New Zealand region, offshore island communities also
differ from those of outlying islands, primarily in the abundance and diversity of reptiles. The Chatham
Islands are the only outlying islands once to have had lizard populations, and these are now reduced

apparently to only a single species on afew tiny islets that rats have not reached (Pickard and Towns

1988).

In summary, then, New Zealand islands contain a significant proportion of the total biotic wealth of the
region and, for some groups, of the world. This wealth occursin the form of primary endemic species that
have never occurred on the mainland and pseudo-endemics that have survived only on island refugia.
Despite more than a century of scientific study, these islands contain many species that are poorly known
or remain to be discovered. In turn, these species occur in atype of community that may be unique to
New Zealand.

TYPESOF BIOLOGICAL DIVERSITY

The increasing threat to biological diversity is now an acknowledged problem of modern life. Few
discussions of thisthreat, however, define biodiversity directly. This probably reflects the complexity of
atopic which defies simple description. In this section we illustrate the problem by brief discussion of
three types of biodiversity: taxonomic, genetic, and community.

Previous sections have referred mainly to taxonomic diversity, that is, the listing of numbers of species or
other formal taxonomic levels.  Taxonomies form the basic resource inventory of conservation. They
classify natural variation in a hierarchical system of set categories or taxa, a catalogue of diversity and
distinctness. Thus, they form the foundation for conservation, by allowing managers to set priorities that
recognise the distribution of variation - i.e., the more distinct an organism, the higher its ranking in

conservation importance (Soule and Simberloff 1986). As representatives of endemic orders, each with
asingle genus, tuatara and kiwi can immediately be identified as taxa of the highest importance within

New Zealand and worldwide, for example.

Taxonomies, however, have two practical problems. First, the discrete hierarchical structure of taxonomies
does not mirror the complexity of the evolutionary process. Evolutionary divergence is a continuum, and
categorising populationsinto discrete, artificial taxa has often been an arbitrary process (Mayr 1957a,b).

Thus, debate over the nature of both the classification process and particular taxonomic assignments can

be expected to continue indefinitely (e.g., Frost and Hillis 1990, Highton 1990).

A related, second inadequacy is that not only do taxonomies underestimate diversity, but that they can also
be wrong. As noted in the previous section, even the terrestrial vertebrate fauna of New Zealand is till
being described. Management based on an incorrect taxonomic view of tuatara, for example, has had
serious del eterious conservation consequences (Daugherty et al. 1990a). The same may be true for many
biological groups, ranging from earthworms to birds, whose taxonomies originate either from nineteenth
century work or from mainly morphological analyses (Avise 1989). Contemporary taxonomy of New
Zedland birds, for example, derives primarily from the work of Oliver (1955), who made wholesale changes
to previous compilations without formal systematic analysis or new data. Most New Zealand bird species
have never been subjected to systematic analyses that would meet minimum contemporary criteria.

Despite the limitations of taxonomies, they will - quite properly - continue to form the basis for
establishing conservation priorities. Managers and biologists must understand that taxonomies represent
hypotheses or models of the distribution of biological variation. These models will continually be subject
to refinement and improvement as new data and analyses are brought to bear on specific problems, and
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they will always underestimate diversity. Acceptance of a particular taxonomy should depend upon the
quality of published data and analyses that support the taxonomy. For many taxa, therefore, taxonomic
research should be high on the list of a manager's priorities.

For conservation purposes, the limitations of taxonomies have been largely circumvented by general
acceptance of genetic diversity as an appropriate means for cataloguing biological resources. Since the
1960s, techniques for genetic assessment of natural variation have rapidly developed and been used to test
and improve existing taxonomies (Avise 1975, Ryder 1986, Avise 1989). While biochemical and molecular
genetic data commonly support prior taxonomic analyses, the discovery of morphologically cryptic species
has been a frequent result. Nonetheless, patterns of genetic variation alone are sufficient as a resource
inventory upon which to base conservation priorities (Daugherty et al. 1990a).

This principle has been accepted as one of three primary goals of the World Conservation Strategy

(TUCN-UNEP-WWF, 1980): "preserve genetic diversity." This strategy avoids the partially subjective
assignment of taxonomic levels inherent in taxonomic analysis. The World Conservation Strategy avoids
explicitly taxonomic statements such as "save rare and endangered species,” perhaps recognising that
faulty taxonomy can be a death sentence for unrecognised rare species (Daugherty et al. 1990a).

Species and individuals can be seen as building blocks that produce the edifice of our third category,
community diversity. Community diversity is described partly by its components but, more importantly, by
the ecological relationships of the components: physical, trophic, energetic, and soon.  This type of
diversity is more difficult to describe and quantify than the previous types, but the effort is essential
because a central goal of ecological restoration is the reconstruction of functioning biological communities
(Atkinson 1988, this volume, Towns et . this volume a).

A first step in understanding community diversity isto document the subtle variations that can occur

around a superficially similar theme. Examples of this variation can be seen by comparing the complex
soil-plant-animal system of Middle Island in the Mercury Group (Towns et a. thisvolume a) with its
namesake in Cook Strait 500 km further south (Table 5).

The two locations show surprising similaritiesin size of the flora, the presence of large weta, tuatara,
geckos and skinks, and a similar number of burrowing seabird species. More detailed examination of
components of these soil-plant-animal systems reveals many differences. Soils on Middle Mercury Island
are derived mostly from volcanic tuff, whereas on Middle Trio they are of sedimentary origin (greywacke
and argillite). Pohutukawa (Metrosideros excelsa) is prominent in the vegetation of Middle Mercury, but
is absent from Middle Trio, whereas akiraho (Olearia paniculata) is a predominant species on Middle Trio,
but absent from Middle Mercury. The large weta on Middle Mercury is a carnivorous forest-inhabiting
species (MclIntyre 1989), whereas the giant weta on Middle Trio isalargely herbivorous species of partly
forested habitats. The lizard community of Middle Mercury Island is very diverse, and dominated by
nocturnal and crepuscular species, four of which are Cyclodina skinks (Townsin prep). The lizard fauna
of Middle Trio has less than half the species present on Middle Mercury, has no nocturnal skinks, and no
species of Cyclodina (Pickard and Towns 1988). The burrowing seabirds of Middle Mercury Island include
grey-faced petrels and allied shearwaters, neither of which are found on Middle Trio, whereas Middle Trio
has sooty shearwaters and fairy prions, neither of which are recorded from Middle Mercury. Thus
superficial similarity of communities can mask many significant differencesin their components, and these
differences will inevitably be reflected in trophic relationships; the edifice may appear the same, but the
building blocks have different shapes and colours. What these differences mean remains unknown because
details of the interactionsin these systems have never been studied.

Community diversity may not be easily described or quantified, but like taxonomic and genetic diversity,
it ispart of the spectrum of values covered by the New Zealand Conservation Act 1987, under its
responsibility to "manage for conservation purposes, all land, and all other natural ... resources ... held
under this Act."
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Table 5. Comparison of two New Zealand islands.

TRAIT MIDDLE MERCURY ISLAND! MIDDLE TRIO ISLAND?

Location Off Coromandel peninsula, east of near D’Urville Island, Marlborough, Cook
Whitianga, latitude 36° 38’ S Strait, latitude 40° 50’ S

Size 13.0 hectares 13.4 hectares

Introduced mammals

Human history

Plants

Large invertebrates

Reptiles

Breeding species of
burrowing seabirds

None

No human occupation; probably visits
by Maori; occasional fires

70 native species, including pohutukawa
(Metrosideros excelsa) and milktree
(Strebulus banksii); other dominant tree
species include wharangi (Melicope
ternata), mahoe (Melicytus ramiflorus),
karo (Pittosporum crassifolium), taupata

Tusked weta (new genus)

Abundant populations of tuatara (S.
punctatus) and 10 species of lizards
(Hoplodactylus, 3 spp., Leiolopisma, 3
spp., Cyclodina, 4 spp.)

Little blue penguin, 3 species of
shearwater, diving petrel

None

No human occupation; probably visits by
Maori; occasional fires

70 native species, but no pohutukawa and
very little milktree; dominant tree species
include karaka (Corynocarpus laevigatus),
akiraho, mahoe, taupata, ngaio,
hymenanthera

Giant weta (Deinacrida rugosa)

Abundant population of tuatara (S.
punctatus), unknown numbers of 4
species of lizards (Hoplodactylus, 2 spp.,
Leiolopisma, 2 spp.); Cyclodina absent.

Little blue penguin, 3 species of shearwa-
ter, diving petrel

1 Datafrom Atkinson 1964, Mcintyre 1989, Towns et a. thisvolume a.
¢ Datafrom Campbell 1967, Daugherty €t al., unpub. obs.

USESOF ISLANDS IN ECOLOGICAL RESTORATION

Ecological restoration is now accepted as one important goal of conservation practice (Wilson 1989).
Many New Zealand islands will be suitable for ecological restoration (e.g., Townset al. thisvolume a).
Even idands that are not designated as "restoration islands’ can contribute to the restoration process. The
values and uses of islands have been the subject of many papers in this symposium and elsewhere (e.g.,
Atkinson and Bell 1973). In this section, we briefly review some of the uses of islands, focusing specifically
on their contributions to restoration.

Nature sanctuaries

Islands have long served as important refuges for threatened species, amajor conservation success in the
midst of declines and extinctions of native species on mainland New Zealand.  As noted above, without
islands and the biota they harbour, the present flora and fauna of New Zealand would be vastly
diminished. Asunderstanding of diversity on islands increases, so will their importance as sanctuaries.

Islands play such a key role as seemingly secure refugesthat it isimportant to remember how vulnerable
they are, and that failures occur. Perhaps the most famous failure is the attempt of Richard Henry to
secure the future for kakapo (Strigops habroptilus) on Resolution Island at the turn of this century (Hill
and Hill 1987), but more recent failures include the extinction of the tuatara population on Whenuakura
Island in the early 1980s following an invasion of Norway rats (Newman 1986). Islands will remain an
important type of refuge into the foreseeable future.

Scientific knowledge
The biotic species and communities of islands provide glimpses of primeval New Zealand. Despite the
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fact that islands were never precisely like the mainland, the relatively recent arrival of humansin New
Zeadland means that some islands are relatively little modified and that species doomed to extinction on
the mainland due to human effects still survive. Few other locationsin the world alow such a direct view
of pre-human nature. Scientific information derived from such primeval locations has two significant uses
in restoration:

Restoration goals: Knowledge of the original biota allows identification of the biological
targets of restoration programmes, in the short-term for issand communities, and in the
long-term for selected sites on the mainland. The present biotic composition of some
relatively pristine islands can be used to specify the end-point for many restoration
programmes.

Methods for restoration: Knowledge and experience gained in restoration programmes
for islands now under way will be the foundations of future restoration programmes,
including those on the mainland. As noted by Diamond (1990, this volume), restoration

programmes offer unique opportunities to practice and establish protocols for future,

perhaps increasingly ambitious, restoration programmes.  Thus, restoration activities
should be documented and published as thoroughly as any other scientific endeavour.

Sour ces of plants and animalsfor reconstructing communities

Because so many species survive now only on islands, these island populations will necessarily be the
sources of species to be used in restoration programmes. The establishment of each new population of
arare species decreases the threat to that species, achieving a second significant conservation goal in
addition to restoration.

A long-term goal will be the re-establishment of pseudo-endemic species on the mainland, as was
attempted with the buff weka (Gallirallus australis hectori), for example (D. Merton, pers. comm). Itis
also conceivable that some island speciesin modified habitats such as the Brothers Island tuatara (S
guntheri) might prove vulnerable to major climatic alteration, such asincreased frequency of catastrophic
storms, and require removal from their present site.

Ecological monitoring

As aresult of the buffering action of the surrounding sea, islands have less temperature variance than
mainland sites. Many islands are also free of large browsing mammals which can be a complicating factor
when interpreting vegetation responses to climatic change on the mainland. Thus monitoring climatic
effects on plant growth and vegetation change at afew island sites such as Little Barrier, Kapiti and
Secretary islands could provide important information on climatic trends.  Monitoring rates of peat
formation on some subantarctic islands would provide afurther indicator of gradual changesin climate.

Monitoring changes in the distribution and intensity of sudden and extreme climatic events, such as
cyclonic storms, "salt storms” (related to gale-force winds of low humidity) and droughts, is difficult at any
site. However, the vegetation of a network of small islands, if regularly monitored, could be used as an
"instrument" to measure changes in the geographic distribution and intensity of extreme events, againin
an environment free from many complicating influences on the mainland.

Islands supporting populations of surface-nesting or burrow-nesting seabirds, the number of which are
regularly censused, can be used to indicate trends in the marine environment, particularly those relating
to fish, squid and smaller organisms eaten by seabirds. Systematic monitoring of seabirds breeding on
islands could provide an early warning of overfishing, pollution, EI Nino and climate change, provided the
oceanic fishing areas of these birds is known.

Education

Successful restoration programmes can provide public access for viewing of species and communities not
presently available. In fact, they can be designed precisely for public access (e.g., Craig this volume).
Education is generally acknowledged as an essential component of conservation and is a goal specified
explicitly for the Department of Conservation (Conservation Act 1987). Public display of the results of
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restoration can be expected to influence public values and acceptance of the values of conservation.
Where sites are too sensitive for public access, provision can be made for access of film crews and others
skilled at communicating natural values to the public.

CONCLUSIONS

Islands have long played a central role in New Zealand conservation. Their importance now seems set
toincrease still further due to two major advancesin the past decade: (1) the ability to remove rats and
other introduced mammals from islands, including islands of considerable size (Veitch and Bell this
volume); and (2) international acceptance of ecological restoration as a central goal in conservation
(Wilson 1989).  The significance of these changes cannot be overstated. It isimaginable that future
generations will mark the 1980s as the time when the recovery of nature began, however tentatively.
Before the 1980s, rats and other mammals were continually introduced on purpose or by chance to the
few remaining mammal-free islands in the world. Now, mammals can be removed, and the islands allowed
- and often assisted - to return to much of their former biological glory.

New Zealand islands can play a specia place in the development of restoration ecology. Because so much
of our biological wealth resides on islands, and because we have so many islands, island restoration and
management will be the test case for New Zealand conservation. If we fail on our islands, thereislittle
chance we will succeed on the mainland. Our successes, on the other hand, can offer a guiding beacon
to restoration programmes elsewhere in the world - afinal test of the significance of New Zealand islands
in ecological restoration.
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THE SIGNIFICANCE OF ISLAND RESERVES
FOR ECOLOGICAL RESTORATION OF MARINE COMMUNITIES

W. J. Bdlantine

LEIGH MARINE LABORATORY, UNIVERSITY OF AUCKLAND, R.D., LEIGH

ABSTRACT

Most attention to islands has focused on their terrestrially-based life and habitats, but their marine
communities are just as likely to be both special and endangered and for the same reasons.
Marine reserves, which exclude exploitation, are still rare and relatively new in New Zealand, but,
like the earliest terrestrial reserves, they are closely associated with islands.

The presence of Goat Island at the centre of New Zealand's first marine reserve - on the north-
east coast, from Cape Rodney to Okakari Point near Leigh - significantly increases the physical and
biological diversity aswell as providing shelter for public and scientific access. This reserve, now
12 years old, provides many examples of abundances, local distributions, size frequencies and
behaviour patterns which are very different from nearby coasts. Except for its protected status,
the reserve areaisavery typical piece of the open north-east coast, so the simplest and most likely
explanation of these differencesis arestoration of more natural conditions.

At the second marine reserve, the Poor Knights Idlands, 12 km off the north-east coast, strong
controls on exploitation have conserved a unique and beautiful underwater fauna; as at Leigh, this
has greatly increased its popularity as atourist and recreation attraction. The protection does not,
however, control strong fluctuations of the "subtropical" fish whose populations depend on year-to-
year changes in ocean current patterns and sea temperatures.

A proposed marine reserve at the Kermadec Ilands would protect New Zedand's unique tropica

marine fauna. More marine reserves are urgently needed to conserve, and often to restore, the

marine communities of New Zealand. Thisis particularly true for the more remote islands
(Kermadecs, Chathams and subantarctic islands) and for the "inner circle” (e.g. Three Kings, outer

Hauraki Gulf, Kapiti, Stewart Iland). On the main coasts of New Zealand the little evidence we
have strongly indicates that nowhereis "natural” and that a network of representative marine
reserves, including nearshore islands, would produce unsuspectedly large amounts of "restoration”,

with considerable and widespread benefits.

INTRODUCTION

Asaterrestrial air-breathing species, humans find marine biology difficult; consequently they mostly ignore
it. Indeed, they generally ignore the sea altogether except for seaside holidays, fishing for food, and getting
across it to some other land. Although New Zealand is the most maritime country on earth, although
scientists are supposed to be objective, and although offshore islands are by definition more marine than
terrestrial, the main problem for marine biologists so far has been to get marine matters on the agenda
at all. Neither amajor review of the natural history of offshore islandsin 1973 (Atkinson and Bell 1973)
nor the glossy booklet 12 years later on the same subject (Nature Conservation Council 1985) contains
one word or reference to marine life that is not air-breathing. Even the seabirds and marine mammals
get short shrift, and the publications give no hint that they ever get into the sea or do anything there.

There have, of course, been some honourable exceptions to this attitude. The "two Lucys' made a
pioneering study of seashore life on the Poor Knights Islands more than fifty years ago (Cranwell and

Moore 1938) and a recent symposium of the Offshore Island Research Group had 20% of its papers on

marine topics (Wright and Beever 1986). Nevertheless the prevailing opinion has aways been that islands

were little bits of land and only interesting as such.
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Thisattitude, although widespread, is completely illogical. It is, of course, easy to explain, but it is not so
easy to excuse. Scientists, administrators, politicians and the public can no longer afford to behave asiif

their perceptions and preferences were more important than the principles of geography and ecology.
Ignoring 90% of our hemisphere in terms of effective conservation, given our increasing activity there and
our dependence on it, isnot just foolish, it is probably dangerous. It would be particularly appropriate to
begin making the necessary changes around New Zealand's offshore islands. On these islands there is not
only plenty of evidence of previous nonsensical attitudes, but also a growing acceptance that the natural

balance should be restored, where that is possible. But it is aso a good time to expand the review; to
examine our current attitudes to the marine life around these islands; to consider what effect our present
actions (and inactions) may be having on the marine biota and whether we wish to modify our attitudes.

The matter is urgent. Evenin New Zealand, it is unlikely that pristine marine habitats still exist. Any
doubt islargely dueto alack of natural baselines, alack of study and hence alack of hard evidence. The
resulting uncertainty may suit some classes of politicians and scientists, but it is not likely to comfort our
grandchildren. Overseas, hard evidence is coming in of major ecological disruption of island faunas due
to human depletion of their marine food (e.g. Avery and Green 1989). The use of gill nets, purse seines
and other indiscriminate fishing systemsin New Zealand, where commercial fishermen are controlled only
by quota, is probably having similar effects, but there is no system to measure them.

There are plenty of simplelogical reasons for giving marine conservation - including the effects this can

have on science, recreation and economics - a high priority around islands. Although our knowledge of
marine ecology is at amuch lower level than its terrestrial equivalent, what we do know strongly supports
the need for special management care around islands.  On a common sense basis, our experience with
islands demonstrates clearly that, even if marine restoration is not already the name of the game,

prevention is better than cure, and cheaper and quicker.

Because of their isolation, islands may have been spared some types or levels of exploitation and
degradation. But because of their small size, they are also more vulnerable to human interference. These

points are just as valid for the isolated and small areas of shallow-water habitats round the islands as they
arefor theterrestrial habitats.

MARINE RESERVES AND ISLANDS

Thefirst marinereserve, at Goat |sland Bay, Leigh

The idea of marine reservesis till new, even in New Zealand. Thefirst one, the Cape Rodney to Okakari
Point Marine Reserve, near Leigh on the open north-east coast some 100 km north of Auckland, was
created in 1977 after twelve years of discussion (see Ballantine 1979). The process included the passing
of ageneral empowering act - the Marine Reserves Act, 1971. After 12 years of actual operation asa
reserve - no killing of marine life, no removals, no disturbance - it has proved an amost unqualified
success, much to the surprise of nearly everyone.

The results of this experiment were not well predicted either by the proposers, including myself, or the

opposers (Ballantine 1980). The proposers thought (correctly) that the reserve would assist some types

of scientific experiment, but they were unprepared for the biological changes brought about by complete
protection (Ballantine 1987), the opportunities opened up by studies of more natural habitats (Andrew
1988, Creese 1988, Jones 1988, Kingsford 1988, Schiel 1984, 1988) or the behavioural subtletiesthat could
be discovered in undisturbed populations (e.g., Jones 1981, Jones 1984). The opponents of the reserve
thought (correctly) that the reserve would prevent many traditional activities, but they were unprepared
for the public enthusiasm for looking at abundant natural marine life (Department of Lands and Survey

1984), the increasing belief of the local commercial fishermen that the reserve was a useful stock refuge
and breeding ground (Crouch and Hackman 1986), or the large educational, recreational and tourist
interests that developed (Ballantine 1989a).

An important feature of the marine reserve at Leigh is the presence at its centre of asmall island - Goat

Island, about 25 hain area (see p. 214). The island increases the diversity of marine habitats on an
otherwise generally straight and open coast by providing a greater range of wave exposures, aspects, rock
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types and slopes (Ayling et a. 1981). It also makes access much easier, by providing local shelter for small
boat launching and for divers entering the water directly. Goat I1sland acts as afocus for the reserve in
many ways, and provides it with much of its character. The reserve is otherwise atypical piece of the

north-east open coast. The only special feature of the areaisthat it is the nearest place to Auckland by
road on the open east coast.

The differences between the situation in the marine reserve and similar areas open to exploitation are
large, numerous and increasing.  They include differences in abundance (crayfish are many times
commoner in the reserve; MacDiarmid 1987), in distributions (intertidal sea urchins are much more
common in the reserve; Kerrigan 1987), in sizes (red moki are larger; Leum and Choat 1980) and
behaviour (fish do not show diver avoidance anywhere in the reserve, indeed near the beach some species
are "diver positive" due to feeding!).

In strictly scientific terms, it is difficult to be certain that these differences are aresult solely of the

protection of the reserve. Asyet there is only one reserve on mainland, so studies cannot be fully
replicated. There are also problems with properly stratifying samples due to lack of detailed knowledge
of marine habitats. Nor isit certain that, even after 12 years of non-extraction, that the Leigh situation
isfully natural (crayfish still seem to be increasing in number, and have not yet reached the shallow
habitats they occupied in the 1930s and 1940s).

There are very few natural baseline studiesin this subject. No one made it their business to record
properly any valuable marine populations in New Zealand before their exploitation became widespread
and heavy. This applies not just to fur seals and whales in the 1800s, but also to Chatham Island crayfish
(Jasus edwardsii) in the 1960s, paua (Haliotisiris) in the 1970s and squid in the 1980s. It isironic, to put
it mildly, that thislack of investigations before exploitation is now sometimes used to question the value

of marine reservesin restoring a more natural balance, or even to cast doubt that any real changes have
occurred.

Fortunately, despite these problems, it is clear that the many differences between the marine reserve at
Leigh and similar but exploited areas el sewhere are most simply and reasonably explained as a restoration
of more natural conditions. Indeed, there are likely to be many more cases that have not yet been
discovered, and those that are known are likely to have been conservatively estimated.

If the present situation at Leigh is arestoration, then the effects of exploitation have been much more

severe and widespread than most people would like to believe. It also means that over most of the
country we have no measure of these effects, and cannot have until more marine reserves are established

(see Schaap and Green (1988) for the only aternative). The really important scientific point is that the
result of an experiment cannot be stated in advance. Those who do not support more marine reserves
are saying they do not wish to know how much natural restoration would occur. They are entitled to that
opinion, but not to say they know what would happen.

After following the Leigh reserve throughout its development, having been in close touch with the many
research workers who have studied it over the years, and having visited most coastal regions of New
Zealand, my opinion isthat areasonably sized non-extractive marine reserve anywhere in New Zealand
would, like Leigh, show many large improvementsin its marine biota within a decade. The belief that
pristine or near-natural marine environments still exist generally around New Zealand seems to me to have
no basis other than wishful thinking. Certainly some regions are more natural than others, some species
more depleted than others, some habitats less altered than others, but in a connected single system, the
sea, these differences do not prove (or even make likely) the thought that one end of the observed scale
must be natural. In my view it is time that we made a nation-wide effort to determine natural marine
base-lines by the introduction of a network of representative and fully-protected marine reserves around
the main islands (Ballantine 1989b). At least 10% by area of all marine habitatsin all regions should be

protected, not just for normal conservation reasons, but also for their capacity as natural stud farms for
commercial species.

In addition to this network of representative marine reserves around the main coast for general restoration
and conservation, New Zealand needs special marine reserves to protect unique or particularly vulnerable
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marine habitats. These special marine reserves will frequently be associated with offshore islands, and one
example already exists.

The second marine reserve, around the Poor Knightslslands

Because of their terrestrial habitats and species, the Poor Knights Islands (see p. 214) have long been
recognised as an important conservation area and have been a closed nature reserve for many decades.
The marine habitats around them are also very specia (Doak 1979) and vulnerable (Ritchie et al. 1979).
These waters, the subtidal cliffs and their marine fauna provide the most spectacular diving in New
Zealand (Kelly 1983). Underwater visibility is extremely good, the sessile fauna on the vertical cliff faces
isrich and varied (Grange 1986), planktivorous fish school in great abundance (Kingsford and MacDiarmid
1988), and many subtropical species occur including fish (Choat et al. 1988), molluscs (e.g. Volva
longirostrata) and echinoderms (e.g. Diadema palmeri). These features promoted its establishment in 1981
as New Zealand's second marine reserve.

This reserve has rather complex rules, with fishing permitted for some species, by some methods, in some
areas. These rules were partly areaction to the demands of the charter boat operators (who were the
main users of the area and only people regularly present) and partly aresult of the theory that if an
activity has not produced any noticeable damage there is no reason to ban it. This very reasonable
approach, contrasting with the complete ban on extraction at Leigh, may have facilitated the establishment
of the reserve, but has produced continuous difficulties (Ballantine 1987). Astime goes by, and more and
more people travel from greater and greater distances to see the wonders of the marine reserve, they are
less and less impressed to see people fishing. While there are good detailed historical reasons for these
fishing exceptions, it becomes more and more tedious for charter boat operators, dive club leaders and
tourist couriers to explain them to the ever-increasing number of visitors who are there solely to enjoy the
sight of abundant marine life and are not interested in fishing (except to be annoyed by its presence).
Recently one of the leading charter boat operators wrote to the Minister for Conservation suggesting a
total ban on fishing in the Marine Reserve.

The Poor Knights Islands Marine Reserve has been successful in protecting some unique marine features,
in encouraging public and scientific interest in them and in sharpening our understanding of marine
conservation. With this experience, it is now clear that complete protection within marine reservesisin
the general public interest, despite quite different initial and widespread feelings to the contrary.

Other marine protected areas

At present (November 1989) there are only two marine reservesin New Zealand, despite a history of
pressure over 25 years. There are also three marine parks, at Tawharanui (near Kawau Island), at
Mimiwhangata (between Whangarei and the Bay of Islands) and round the Sugar Loaf Islands (off New
Plymouth). These are organised under different legislation - a combination of alocal grant of control
under the Harbours Act, 1950 and then local fishing by-laws under the Fisheries Act, 1908. It might be
supposed that marine reserves provide strict protection and marine parks a lower grade, but in fact the
degree of protection is quite independent of the designation. The Tawharanui marine park has total

protection, like the Leigh reserve, and the other two marine parks have certain fishing exceptions, like the

Poor Knights reserve.

It isworth noting that the fishing exceptions at the Mimiwhangata marine park have resulted, sinceits
creation, inan increase in fishing pressure.  The negotiations were conducted widely and with great
sensitivity to existing rights, with the result that many people became more aware of these rights and
hastened to exercise them in the new park, under the impression it would provide better opportunities!
The lesson from Mimiwhangata is that while sensitivity to existing use is advisable, it must be remembered
that protection of marine life isthe aim and object of the exercise. Even when a complete network of
fully-protected marine reserves has been set up, the balance of areaswill be at least 9:1 in favour of
fishing, and there is simply no point in arranging labels for areas that do not protect marine life.

The public at large are getting disturbed and impatient with the piecemeal but continuous declinein fish
and other marine resources. Large numbers of people now support not only quotas and total-take
restrictions by commercial fishermen but also active measures to restore and conserve. Those in authority
are still listening to the sharp insistence of local and sectional interests about fishing rights and ownership;
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they are not yet tuned to the more muted but much wider feeling that if fishing is important the fish stocks
must be sustained, not simply shared out asif they were abunch of lottery tickets. While the public do
not always grasp detailed technicalities well, they can and often do have a better feeling for fundamentals
than do those people deeply enmeshed in the details. The general feeling now is that management of fish
stocks (and other marine biological assets) must contain adequate insurance against the adverse effects
of detailed ignorance, general greed, new methods, and political expediency. The public are no longer
satisfied with explanations of decline, they want protection from it and restoration wherever possible.

MAJOR BIOGEOGRAPHIC CONSIDERATIONS
Theremote offshoreislands

A ring of remote islands surrounds New Zealand some 500-1000 km offshore, covering almost three-
quarters of the circle. Politically, the Kermadecs, Chathams and most of the subantarctic group are part
of New Zealand, but Lord Howe, Norfolk and Macquarie islands are part of Australia. The marine
implications of "ownership" of these islands are important in political and economic terms - for example,

this greatly increases the size of New Zealand's 200-mile "Exclusive Economic Zone" (EEZ; seep. v) and
affectsto amajor degree the commercial fishing policies. However, in marine biogeographic terms, some

of these islands are so different from either Australia or New Zealand as to support distinct faunas. There
is little agreement about either the nomenclature or methods of subdivision for marine biogeographic
areas (Knox 1963), and data exist only for some marine groups (Gordon 1984, Hay et al. 1985, Kingsford
etal. 1989, Schiel etal. 1986) but both the Kermadec and subantarctic island groups (see pp. v, 2, 304)

clearly have marine flora and fauna significantly different from those of the main islands of New Zealand.

The Kermadec Idand group

The marine biota of these islandsis definitely subtropical, with strong tropical elements. While true coral
reefs do not occur, several hermatypic coral species have been recorded there in moderate quantity,
together with typical associated animals e.g the "crown of thorns® starfish, Acanthaster. Both in terms of
absences (no Evechinus or laminarian algae) and presences (tropical species of fish, corals, bryozoa and

algae) the Kermadec marine biotais so different from the rest of New Zealand as to require separate

status at amajor biogeographic level (see Francis (1987) for fish, Schiel et a. (1986) for corals, Gordon
(1984) for bryozoa, and Nelson and Adams (1984) for algae.). There seem to be few endemic species,
as might be expected from geologically recent and continuously remote islands, but one at least is of
considerable interest - the giant limpet, Patella kermadecensis (Fleming 1973). The marine communities
of the Kermadecs are ecologically important in many ways - special populations (giant groper), interesting

absences (neither many of the tropical herbivorous fish nor most of the larger brown algae), populations
of species at their geographic limits and with doubtful breeding status (corals and crown of thorns starfish)

- but most of all, the simple existence of a shallow-water environment (none eastwards for 10,000 km,

none south until New Zealand and none north until Tonga).

The Kermadec Islands are alink between the tropical Indo-Pacific Province (by far the largest and most
diverse marine province in the world) and the temperate New Zealand region. Only one other link exists,
Norfolk Island - midway to New Caledonia - and that is not under New Zealand control.

So far asis known, the marine fauna and flora of the Kermadec have been little exploited to date and are
not in need of restoration, but they are clearly of unique value, highly vulnerable and in urgent need of
protection. A marine reserve proposal was made some time ago (Francis 1985) but despite lengthy
discussion, and some preliminary fishing controls, it has not yet been gazetted. This should be done
forthwith. There are no valid reasons for delay - no regular fishing by New Zealand interests, no
permanent residents, and no real opposition. There is ample scientific justification for a marine reserve
under existing legislation (Marine Reserve Act 1971), including biogeographic considerations of global
significance. It isto be hoped that this conference will provide the necessary stimulus for the immediate
creation of alarge, non-extractive marine reserve around the Kermadecs.

The subantarcticidands

Just as the Kermadecs (with Norfolk Island) provide the only shallow water habitats to the north of New
Zealand in awide expanse of deep ocean, so the subantarctic islands, especially Auckland, Campbell and
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Macquarie islands (see p. 201), provide the only shallow marine habitats between New Zealand and
Antarctica. Auckland and Campbell islands, which are under New Zealand control, are on the Campbell
Plateau, which is semi-continental in geological terms (generally 500-1000 m deep). They lie in the main
belt of westerlies - the "roaring forties" - but north of the antarctic convergence. Seatemperatures are
cold, with asmall range (5°-9°C at Auckland Island) but with no significant seaice. Although data are
sparse (but see Hay et al. (1985) for algae, Kingsford et al. (1989) for fish, Powell (1955) for molluscs, and
Westerskov (personal communication) for general shore and subtidal communities), the marine fauna and
flora appear to be classically subpolar, showing (i) relatively few species but those in relatively great
abundance (low diversity and high biomass), (ii) general dominance of algae, especially kelps, and a
reduction in herbivores, and (iii) strong seasonality in productivity, reproduction, and (for plankton) actual
abundance (with day length rather than temperature controlling the marine biota).

The significance of these islands for air-breathing marine animals - seabirds and marine mammals - has
long been recognised both for exploitation (fur-sealers were active here before 1800) and for conservation
(legal protection for seals began in New Zealand in 1875). Almost all scientific observations so far have
been land-based, including counts of breeding aggregations, behaviour at that time, and survival from year
to year (Taylor 1982). Very little has been done to investigate the actual food requirements of these large
active predator populations (seals, sea-lions, penguins, albatross, petrels etc.) and nothing at all to ensure
that they are getting what they need. Indeed when it was discovered this year that severe losses of
Hooker's sea-lions were occurring due to "by-catch" in squid fishing fleet nets, it seemed that for al the
care and attention on land, in the sea there was no effective protection at all, nor any system to create
protection.

Studies of antarctic marine life, i.e. from Scott Base and McMurdo, have already been carried out quite
extensively, despite the extreme logistic and technical difficulties, but the New Zealand subantarctic marine

province has been almost totally neglected, despite regular work on the terrestrial biota. Apart from its

intrinsic interest, the shallow-water marine life of these islandsis the food base for the larger and more
"popular" birds and mammals. It should be stressed that, unlike those in the northern hemisphere, shallow

water habitats at these latitudes are very rare in the southern hemisphere (no major areas other than
around South America and few small ones) and that New Zealand has responsibility for amajor part of

it. If we claim the EEZ for two hundred miles round these islands we should at least be prepared to study

the zone's marine life and, where appropriate, protect it. Indeed, since the shallow habitats are so rare
and vulnerable, it would be reasonable to protect large portions of them immediately to ensure their

maintenance.

The effects of large active predators in marine food chains are difficult to predict but are likely to be very

important and far-reaching. Comparisons of islands with and without sea ottersin Alaska have shown
major effects on sea urchins (food of the otters), and the sea urchins food the kelp, and the detritivores

dependent on the kelp and their predators (Duggins et a. 1989). The shallow water marine habitats of
New Zealand's subantarctic islands have not even been surveyed yet, and we know nothing about the

effects of "keystone" predators.

The Chatham I slands

The marine biota of the Chatham Islands (see pp. v, 304) differsin two ways from the remote northern
and southern groups. In the first place it is not, except by absences, especialy different from that of New
Zealand. Second, it has been heavily fished for some time by locally-based operators.

Although these islands are at the same latitude as Christchurch and have few endemic marine species, the
marine biota of the Chathams is of considerable scientific interest and was the subject of New Zealand's
first major marine biological effort, the Chatham Islands Expedition of 1954 (see Knox (1957) and eight
further memoirs). At least for the shore and shallow water biota, the Chathams are distinguished by a
long list of notable absences, apparently due to the distance from New Zealand and the lack of larval
dispersal acrossit. The species that do occur on Chatham seashores seem to be an almost random
selection of the New Zealand "possibles’, rather than the ecologically-dominant ones at the same latitude.
The only patellid limpet at the Chathams is the one confined to the extreme south of New Zealand, while
the only common shore barnacle at the Chathams is restricted to northern shoresin New Zealand. Most
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mussel species common in New Zealand are absent from the Chathams, despite apparently ideal
ecological conditions (Morton and Miller 1968).

The marine habitats of the Chathams, as aresult of these features, form alarge-scale natural experiment
from which agreat deal could be learnt about the processes that drive and control New Zealand's marine
habitats.  Almost nothing has been done so far to take advantage of this, largely because New Zealand
lacks any effective system to organise coastal marine biological research.

Fisheriesresearch is solely concerned with the currently commercial species and has neither the resources
nor a mandate for general marine biology, even when this involves the food and habitat of commercial
SPECIEs. Oceanographic institutes are, quite properly, concerned almost entirely with offshore, deep-water,
ship-based research. The universities are naturally obliged to concentrate on student training, and so they
select local, inexpensive and convenient topics for research.  The museums are hard-pressed even to
catal ogue and describe the species involved, and the majority of the marine faunais still undescribed.
Despite numerous attempts to organise a coastal research institute over many years, New Zealand still
lacks a system capable of organising the kind of research everyone takes for granted on land.

Fishing pressure at the Chathams has been irregular but severe. The best-known example is the crayfish
boom of the 1960s, which was conducted with the same speed, waste, and carefree ignorance of agold
rush.  Since nothing was done to measure or study the stocks before, during or after, it is hard to be
scientific about the matter. The two certain facts are fast, that the boom declined asrapidly asit started
due to stock reduction, and second, that the speed with which the large quantity of crayfish were dumped
on the market significantly depressed the world price of crayfish. Special exemptionsto existing rules were
allowed to increase this speed (e.g. permission to tail at sea and transfer to shore by helicopter). Those
who attempted to control the matter by enforcing restrictions on boats crossing to the Chathams without
proper survey or certificates were forced to retract by loud and widespread accusations of bureaucratic
interference.  The result was the loss of several lives and a number of boats. It was clear that neither the
public nor the politicians at the time were very interested in conservation, even of human life or overall
profit, still less of crayfish stocks.

Following the crayfish decline, similar assaults were made by boats remaining at the Chathams on scallops
(Pecten novaezelandiae), paua, kina (Evechinus chloroticus) and other species, but again there was no study
of the effects. Indeed it would appear that the general lesson has yet to be appreciated at a political level.

When orange roughy (Hoplostethus atlanticus) and other deep-water stocks were discovered more recently,
while there were scientific studies, the issue of fishing quotas was given political priority over a knowledge
of the stocks, their life history or growth rates. When issued quotas of orange roughy at the Chatham Rise
seemed inappropriate, some were transferred to other areas, thereby probably spreading the problem.

It isnow clear that pre-emptive reservation of significant parts of these stocks (inshore and deepwater)
would have been sensible, and that, even now, action on these lines would be highly desirable for
restoration.

REGIONAL BIOGEOGRAPHY
The"inner circle" of isands

New Zealand has a large number of islands sufficiently far offshore to have significantly different marine
conditions but close enough to have essentially the same biota, or at least a selection of it. These idands

form a series of ecological interpretations of the regional biogeography; they are natural experiments and

of great theoretical interest. The same point also provides the casual scuba diver, skindiver or shore
explorer with awide variety of communities to look at and enjoy, a much greater range than would occur

on a continuous coast.

The ThreeKingslslands

These islands are a classic example of the major marine ecological changes that can be produced by a
relatively small distance off shore. The Three Kings are open to the influence of current systems over a
very wide arc (see p. v). The systems are complex, and include both cold-water up-welling and relatively
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warm water of subtropical origin (seereview in Harris 1985). The resulting biota at the Three Kingsis

an extraordinary mixture of cold and warm species. Southern bull kelp (Durvillaea antarctica) abounds,
and the density of large seaweeds rivals the far south (Adams and Nelson 1985), yet several of the

commonest fishes at the Three Kings are otherwise confined to the warm east coast of Northland. The
common limpet on the island shores is Cellana denticulata, which is not found (nowadays) on the main
islands except near and south of East Cape.

The explanation of these unique communitiesis not clear, indeed it is unlikely that thereisasingle
explanation. The strong and almost continuous wave action, combined with cold up-welled water and
resulting fog may account for the abundance of bull kelp so far north. The abundance of some northern
fish may be the result of differential larval recruitment. The thriving populations of Cellana denticulata
are probably relict. This speciesis common in Maori midden material down the north-east coast, where
moa bones are also present, although there are no living specimens on adjacent shores.

The " volcanic string" of idands on the north-east coast

A large number of islands occur along the north-east coast from the Cavalli Group to Great Barrier Island
(see Wright and Beever 1986) and then on along the east coast of Coromande! and through the Bay of
Plenty to White Island (p. 214). Many of these islands are of volcanic origin and, as shallow water marine
habitats, are relatively isolated despite their short distances offshore.

They also liein the general path of the East Auckland Current, which with many eddies, pulses and other
variations, moves generally south-eastwards along the shelf as awarm current (Harris 1985). Not only
does this current provide warmer conditions, it also transports larvae. Many, if not most, marine organisms
have planktonic dispersal stagesin their life histories. The result of thisis that reproduction is effectively
decoupled from recruitment in many marine populations. Thereis simply no direct connection between
the abundance and fecundity of the population and the recruitment of new individualsto that population.

On a continuous coastline the effects of thisindependence of recruitment may be significant, but around
small isolated islands these effects are maximised and frequently override all other factors. The very low
numbers of crayfish at the Poor Knights Islands are not due to adverse conditions there (or to fishing
pressure) but to lack of recruitment (MacDiarmid 1987). The rarity of Sypharochiton pelliserpentis (the
commonest shore chiton on the main coasts) on several offshore islands cannot be accounted for by
ecological conditions on theislands. It isamost certainly dueto alack of larval transport to these islands
(Creese and Ballantine 1986).

The effects of larval dispersal do not just produce absence fromislands.  The vermetid gastropod,
Novastoa lamellosa, which forms reef-like crusts on wave-exposed rocky shores, is almost entirely confined
to astring of offshore islands from Moturoa (off Cape Karikari) through Poor Knights and Mokohinau
to the Bay of Plenty, and also the Chatham Islands! The only place it has been found on the main coast
isat Lottin Point, which in terms of the impingement of currentsisvery like the islands.

Many of the "northern” labrid fish species are confined to, or much commoner around, the offshore
islands, apparently as aresult of larval dispersal down current (Ward and Roberts 1986). The abundance
of islands on the north-east coast, with varying sizes and distances offshore provide a natural laboratory
inwhich, simply by site selection, complex theories on marine dispersal and distribution patterns can be
tested (e.g. Kingsford 1989).

One way in which marine animals can avoid the risks of planktonic dispersal isto cut out the larval stage
and brood their young. A small unnamed black chiton common on the shores of some offshore islands
(and not on the main coasts) broods its young to the crawling stage in its mantle cavity (Creese and
Ballantine 1986). The percentage of marine species that exhibit direct development is likely to be higher
on offshore islands than on continuous coasts, but there has been no analysis of thisin New Zealand.

The East Auckland Current shows fluctuations from year to year in its temperature and strength (Harris
1985). These fluctuations not only affect the supply of subtropical fish larvae, but also their chance of
survival after settlement. Since the deviations of temperature are both large (+2° C on an annual range

of 6° C) and long-lasting (one to three years), these current fluctuations can completely control marginal
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populations. In the 1970s many subtropical species of fish became quite common at the Poor Knights,
but declined or were totally absent by the mid-1980s (Choat et al. 1988).

Stewart Iland

The marine communities of Stewart Island (p. 288) are especially interesting on several counts. First, they
represent the southern extreme, the nearest to subantarctic features, while still retaining the species
diversity of the main coast. Second, the coast of the island has some topographic features unique to the
region. Third, the biota contains alarge number of special communities and populations.

The seaweeds of Stewart Island are specially rich and diverse for New Zealand (Adams et al 1974). This
reflects not only the high latitude but also the climate (low sunshine hours) and the range of aspect,
substrate and degree of wave action. Indeed Stewart Island is probably the only placein New Zealand
where the intertidal algae are as abundant in biomass as would be expected from the same latitudesin

the North Pacific or North Atlantic.

The north-facing coastlines of Stewart Island and the large, relatively shallow Patterson Inlet are effectively
unique to the southern region, offering habitats absent or rare south of Banks Peninsula. Patterson Inlet,
especially Big Glory Bay has become the site of intensive salmon culture in recent years. As so oftenin
the past, the entrepreneurial use of marine assets has been encouraged in advance of any study of the
assets themselves. Already there have been concerns about detrimental effects due to the very high
densities (Southland United Council 1988) and extensive kills due to algal blooms (Hoe Chang 1989).
Recently the Department of Conservation made the first basic marine biological survey in an attempt to
locate sites for marine reserves (K. Walls personal communication 1988).

The inner ring of islands around New Zealand provides many opportunities for marine conservation and

priority sites for marine reserves. Where there are clusters of islands the sensible option would be to have
anon-extraction marine reserve around one or more, with the rest of the group in a zone of controlled

exploitation (Three Kings, Hen and Chickens, Mercury and Aldermen groups). Where the islands are
large - Great Barrier, Mayor, Kapiti, Stewart - part of the coast should be a full marine reserve with the
remainder for controlled or open exploitation. The offshore boundaries of the reserves should in each
case include a significant amount of open sea, so as to protect localised schools of pelagic species (from
purse seining) and the deeper bottom fauna (from trawling).

THE STANDARD MARINE FEATURES OF ISLANDS

In the context of marine conservation, maintenance and restoration, it is worth reviewing briefly some of
the characteristics of islands as they affect marine conditions (see Creese and Ballantine (1986) for more
detail).

| solation

For the marine communities isolation measurements need to be related to water depths, but the distance
from the continuous coast (rather than from other small islands) is afirst approximation. Isolation tends
to control (a) the amount of freshwater run-off, which in turn controls the salinity, the suspended
sediments, and often the supply of nutrients (nitrates, phosphate and silicate that control phytoplankton
growth); (b) the water clarity (depending largely on sediments and/or phytoplankton), which in turn
determines the type and depth range of fixed plants (seaweeds); (c) the type, abundance and reliability
of larval recruitment; and (d) the distance from human population centres, which in turn affects the type
and degree of exploitation. On the more remote islands pollution and continued exploitation are less
likely, but quick rip-offs are more likely.

Cross-shelf distance

Although simple distance from coast determines the many land-dependent features of the marine
communities around islands, others are better correlated with the distance from the ocean and the main

current patterns. If islands are near the edge of the shelf, they are more oceanic in their marine

communities, regardless of their distance from land. The Poor Knights Islands are no further offshore
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than Little Barrier Island but are much closer to the edge of the continental shelf, deep water and the
main ocean currents.

Islands near the shelf edge tend to have stronger currents, with less predictable fluctuations (tidal, and
seasonal), but greater year-to-year fluctuations. The currents are more likely to be unidirectional. They
have more frequent and larger up-wellings, vortices and eddies in their current systems (either directly
produced by theislands or general properties of the shelf edge). Their low seasonal ranges in temperature
and generally mild climates contrast with relatively strong day-to-day (storm controlled) and year-to-year
differences (current controlled).  Finally, they have deeper water habitats, steeper slopes and (where
exposed) harder rocks.

Size

For marine communities, it isimportant to measure size at the appropriate depth contour on a chart;
nevertheless the size of the island itself gives afirst approximation. Small islands tend to be subject to
greater wave action; indeed, they focus waves by refraction and have wave exposures greater than
theoretically possible on continuous coasts. They have more unpredictable biota, partly due to the absence
of some habitats, but also to the increased importance of chance events. In populations dependent on
current-borne larval recruitment, chance events are even more significant than they are for terrestrial

isdand species. Small islands also have a milder and more oceanic air climate, with the marine climate
more dependent on the local current system than the latitude.

Many of these points interrelate reinforce each other, providing very strong ecological gradients over short

distances. For example, the depth of kelp forest (Eckloniaradiata) is largely determined by light
penetration. The limit is about a metre below low tide in sheltered harbours (the Waitemata), 20 m on
the open coast (Goat Island, Leigh) and 50 m on offshore islands (Poor Knights). This 50-fold extension
of amajor habitat is a product of the inshore-offshore complex - including the interrelated factors of run-
off, sediment suspension, depth, wave action, nutrients, currents, temperature, and phytoplankton.
Although this gradient may be altered by pollution (e.g. sewage) or increased run-off due to devel opment
of catchments, it is basically quite natural and may be very sharp.  Within 10-15 km offshore marine
conditions, habitats and biota may change more than in several hundred kilometres along the coast. It

isthis point that makes islands so important for marine conservation. The marine biota of a small
offshoreisland is necessarily different from the adjacent main coast and more vulnerable to exploitation.

THE SPECIAL OR LOCAL FEATURES OF SOME ISLANDS

Features which may make islands of special interest as marine reserves:

Special rock types

Isolated, small offshore islands are almost certainly composed of very hard rock, generally igneous, and
frequently of arare geological type. The obsidian (volcanic glass) on Mayor Island has been specially
regarded for over athousand years by Maori tool makers, and the unusual rhyolites more recently noted
withinterest. Other rock types of interest include those of Coppermine Island, ignimbrites, andesites,
pumice, basalt scoria (see Hayward (1986) for more detail and bibliography).

Recent and active vulcanicity

Rangitoto, Mayor and White islands show a range of recent to active volcanic action. At the last two,
underwater vents bubbling gas and devoid of life have been recorded. So far no studies have been made
either of colonisation round such vents or of the biological effects of them, although New Zealand (with
Hawaii and Iceland) is one of the few placesin the world where natural primary colonisation can be
studied in shallow water.

Topographic features

The spectacular underwater cliffs, caves, archways and pinnacles of the Poor Knights and their special
fauna are well known, but other remarkable marine topographic features occur at the Three Kings,
Mokohinau (Creese and Ballantine 1988), Mayor Island (Jones 1989), White Island (Westerkov 1989), the
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