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Frontispiece

Enjoying field work on one of the rare nice days!



Abstract

This study illustrates the importance of baselmeays, why they are necessary and how
best to conduct them. A proposed marine resereqtsie south coast of Wellington) was
monitored for three years to establish a comprahersaseline study. The results were
used to recommend appropriate methodology for samph this area and also to
establish which species are the best to use aesaidispecies to detect any possible
change occurring in this area due to future regemm status. The 11 km stretch of coast
surveyed, which included future reserve and corsitek, was tested for heterogeneity, to
prevent any future differences in sites beinglaited to reservation status as opposed to
natural variation. It was determined that an envinental gradient exists along the south
coast, from east to west, most likely due to insire@ wave exposure and increasingly
strong tides and currents towards the west.

An established marine reserve (Kapiti Marine Resewas also monitored over the same
period of time to establish what differences exigtesize and abundance of key species
between reserve and control sites. The data cetlest this investigation were also
compared to data collected immediately prior teres establishment to determine what
changes had occurred over time. Results showedsitest inside the marine reserve
supported a greater species abundance, and in casas, larger size classes. There was
some evidence for a general shift in the commustitycture particularly in algal plants.
However, these results may have been confoundekebgffect of one site that appeared
to have a very high natural species diversity abdndance (even before reservation
status). It was concluded that the one-off survaydacted before establishment of this
reserve was inadequate to use as a baseline agduitst to detect changes. No changes
were found between the present study and the prelimsurvey, although specific data
analysis indicated a reserve effect. Continued §agpnethodology for Kapiti Marine

Reserve area was suggested.

Raw data, on two key species (blue cod and rocktéop from six marine reserves in
New Zealand were investigated in an attempt togperfa statistical “meta-analysis” of
the effects of marine reserves in New Zealand. Aaraealysis is different from a
narrative review as it uses statistical methodsdmpare results across studies. This
methodology has not been applied to studies ofmaasserves before. The meta analysis

conducted in the present investigation showed ¢jesmierally marine reserves in New



ii
Zealand are having a positive effect, in terms rafreasing size and abundance of
individual species, as compared to control areberd’is some evidence for a latitudinal
trend influencing the “effect size” (a statistidarm indicating the magnitude of the

treatment tested — in this case, reservation)efékerves.
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CHAPTER 1 - INTRODUCTION

1.1 General Introduction

Marine reserves in New Zealand, and in other pafrthhe world, are established for a
variety of reasons, and under a variety of legmhatUnfortunately, little work has been
done to establish baselines before the establishroénreserves, and consistent

monitoring of effects inside and outside the ressmafter their establishment is rare.

Marine reserves exist for many reasons such aaneseconservation and fisheries
management purposes (although to date the latséifigation has not been cited as a
reason for marine reserve establishment in New abeldd Recent recognition of
increased demands and profound human influence amnenresources has led to a
strong impetus for marine conservation (Hockey Bnahch, 1997, Lubchenco, 1997).
The value of marine protected areas, particuladyine reserves, and the importance of
gaining information on coastal marine environmestgradually being recognised by
politicians, scientists, conservationalists, rettoggl and commercial fishers (Attwood et
al., 1997a, Kingsford and Battershill, 1998, Conostal., 2000). Concurrent with this
increasing recognition is the crucial need to defimd demonstrate the effect of marine

reserves.

There is a growing interest in protecting represive parts of marine ecosystems as an
insurance policy against a progressive degradatidhe marine environment known as

the ‘precautionary principle’ (Ballantine, 1994, 9B8). This entails leaving an area

undisturbed for their intrinsic worth for futurergegrations, to provide reference points by
which to evaluate effects of human activities or #nvironment and to increase an
understanding of the ecosystem (Bohnsack, 1998ausecthe absence of scientific
certainty should not be used as a reason for poisiganeasures to establish marine
protected areas. If a marine reserve is ‘no-takehtthe reserve operates by allowing
natural processes to survive and this providesrehmark community that acts as a
control against which to gauge human impacts inretepted areas (Attwood et al.,

1997a). Marine reserves therefore act as controlsabural baselines and are thus
important, both for marine science and managemédnthe marine environment

(Ballantine,1994). A reserve provides an opportutot study a habitat and populations
with minimal human disturbance. Studying these sueraates a better understanding of
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natural ecological processes, and therefore alloese informed decisions about marine

conservation (Creese and Jeffs, 1992).

For the purpose of the present investigation | vafer to marine reserves as being areas
where all forms of extraction are banned (i.e r@}afollowing the New Zealand
definition of ‘marine reserve’. Cape Rodney-Okakaoint Marine Reserve was the first
marine reserve in New Zealand and also one ofitsiesistablished wordwide. It was
lobbied for by local marine scientists and everyuastablished in 1977. This reserve has
had a dramatic impact on the marine life and sulesaty on the attitudes towards
marine resource management (Ballantine, 1995, Rnk2000). Since 1977, 16 marine
reserves of differing sizes have been establishédew Zealand. See Table 1.1 and Fig.
1.1

Table 1.1.Marine Reserves in New Zealand

Marine Reserve Date of establishment Size (ha)
Cape Rodney-Okakari Point 1977 518
Poor Knights Islands 1981 2400
Kermadec Islands 1990 748000
Kapiti 1992 2167

Te Whanganui A Hei (Cathedral Cove) 1992 840
Tuhua (Mayor Island) 1992 1060
Long Island-Kokomohua 1993 619
Piopiotahi (Milford Sound) 1993 690

Te Awaatu (The Gut) 1993 93
Tonga Island 1993 1835
Te Tai Tapu (Westhaven or Whang: 1994 536
Inlet)

Motu Manawa-Pollen Island 1995 500
Long Bay- Okura 1995 980

Te Angiangi 1997 446
Pohatu (Flea Bay) 1999 215

Te Tapuwae o Rongokako 1999 2450




Fig. 1.1. Location of all Marine reserves in New Zealand.
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A marine reserve is generally expected to haveoaitive” effect, through the protection
of unigue or endangered species, protecting brgestimcks and resulting in “spillover”
of individuals into neighbouring areas (Jones et H992). “Spillover”, for example,
occurs when individuals of a species increase lathin and outside the reserve.
Numbers increase outside the reserve as a redighahoving out of the marine reserve,
because the protection has allowed fish stocktsizacrease (Agardy, 2000). Russ and
Alcala (1996) found evidence of “spillover” in thihillipines, where two small marine
reserves around islands were shown to increaseyimds in adjacent areas also.
Abundance of large predatory fish were measuretl batide and outside the marine
reserve areas over the course of several years)gduwhich time the reserves were
alternately open and closed to fishing for varyipgriods. Results from this study
indicated that the abundance of large predatoty ifisreased in areas both inside and
outside the reserve, following periods of protattivpom fishing. Subsequently, the
abundance of predatory fish declined both withid antside the reserve during times
when the reserve was opened to fishing. These tsesuplied that the increasing
abundance of fish in the control areas was dirdetked to the even larger increase in
biomass inside the reserve. This is supporteddiydy of the Mombasa Marine National
Park in Kenya, where catch per unit effort (CPUE)ishing areas adjacent to the marine
reserve increased by 110% (MacClanahan and Kaukdra;, 1996). In another example
of the positive effects of protection, Kelly et é000a) compared catch rates around the
local Cape Rodney-Okakari Marine Reserve with ajacnfished areas and confirmed
that lobsters from the protected area ‘spilled oweo the surrounding fished areas. This
phenomenon maintained catch rate levels similahose of adjacent fishing areas (by
fewer, but larger lobsters), thus indicating thapasition to marine reserves on the basis
that catch of lobsters would be reduced, is unfedné&elly et al. (2000a) suggested that
reservation ultimately benefited the fishery, beeayrotection allowed lobster size,
abundance and egg production to increase, therefrgasing spawning stock biomass
and providing a buffer against recruitment failugtudies such as that by Russ and
Alcala (1996) and MacClanahan and Kaundra-Arar®gl%upport this theory. This is
why marine reserves are often touted as fisheri@sagement tools, as the theories of
“spillover” and marine reserves as “harvest refugigly that marine reserves will help

sustain local fisheries.

The theory of “Harvest Refugia” has been cited @astlzer potential benefit of marine

reserves, by increasing spawning stock biomasgeastg larval recruitment and
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dispersal, and thus enhancing regional fisheriehiaffpone and Sealey, 2000).
Chiappone and Sealey (2000) found evidence thdExena Cays Land and Sea Park in
the Bahamas, which has been closed to fishing sif86, was an important source of
larval export to adjacent areas, but few data sdoexgdence of adult emigration or
“spillover”. Kelly et al. (2000b) stated that inased lobster egg production definitely
occured within reserves, but that it may be diffita determine what impact, if any, this
would have on recruitment levels, as stock-recreithrelationships are very difficult to
demonstrate. Despite this issue, the authors sthtddh system of marine reserves may
be a prudent management strategy to ensure thgtuaigelobster spawning biomass is
maintained. This means that the siting and desfgnasine reserves should incorporate
consideration of larval dispersal distances, amdiegtion of larval habitat (Warner et al.,
2000).

The possibility of wider benefits of reservatiomsulting from a network of marine
reserves representing all different types of mahabitats is currently being advocated
(Ballantine, 1994, 1997, 1998). Most political pestin New Zealand now propose
protection of 10% of the New Zealand coastlinerisuee adequate representation of all
marine habitats. The Reef Fishing Plan Developm&tm in the USA also
recommended closing 20% of the shelf area of thA WSfishing (Roberts, 2000). The
theory of marine networks came about because a langber of marine species have a
planktonic or larval phase which are highly dispers(unlike species in terrestrial
reserves), so a single marine reserve is therefoligely to be self sustaining (i.e. if
single reserves have a large amount of spilloverlarval export, then fish stocks may
not build up inside the reserve in order to mamtae population and the current rate of
export). A system or network of marine reserves lwarself sustaining and turn remote
dispersal into an advantage. In terrestrial resgreingle large reserves may allow
sufficient volume of plant seeds and spores toibpetsed that the reserve will be self
sustaining and indeed export these outside thervesddowever, in the marine
environment, single marine reserves are likelyrtmpce increases in spawning biomass
and fertilisation rates (both via increase in dgnand size), which in combination are
likely to enhance recruitment somewhere downcurréhe idea behind a network of
reserves is not just to supply these extra regritsto provide a place for them to settle
and somehow “magnify” the effect (Ballantine, 199This is possible because the
‘connectivity’ of water allows these small disp&esipropagules to migrate from one
reserve to another. The more reserves there ateeimetwork and the less distance
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between them, the greater the ‘hit' rate of thepelising organisms (Roberts and
Hawkins, 2000). This “single large or several sSi@LOSS) reserves debate exists both
in terrestrial and marine conservation ecology amwst be considered when designing
marine reserves and what sizes, shapes and sysi#rhe most effective (Allison et al.,
1998, Agardy, 2000). This network policy thereftaikes into account the importance of
protecting contiguous habitat used by differere btages of target species, protecting
spawning stock biomass to facilitate the dispeo$dhrvae and linking marine reserves
by physical processes (Chiappone and Sealey, 2Q00)ently most marine reserves in
New Zealand are clustered in the north of the Ndstand, so to create a network of
marine reserves around New Zealand that is selfisirsg, reserves must be well spread
throughout the coastline.

Other criteria for “success” have been shown byimeareserves in New Zealand,
Tasmania, South Africa and Kenya, all of which shewidence for increasing species
size and abundance within each reserve (BuxtonSandle, 1989, Cole et al., 1990,
Jones et al.,, 1992, MacDiarmid and Breen, 1992wddtl et al., 1997a, Edgar and
Barrett, 1997, Edgar and Barrett, 1999) but oftem dutcome of a marine reserve in
terms of species diversity and composition aresdsifit from that expected (Jones et al.,
1992). The definition of “success” of a marine rgsedepends largely on the objectives
for which it was established (Conover et al.,, 200Dhere are “successful” marine
protected areas in Thailand, USA, Kenya, Australia South Africa where these are
designed not to exclude human usage (i.e. fishimg)to protect coral reefs (Attwood et
al., 1997a).

Marine reserves have been created in more thaniff€rett countries (including,
amongst others New Zealand, Tasmania, AustraliathSafrica, USA and Belize). The
terminology and the level of protection of thesewhver, has not been standardised. In
Britain, for example, ‘marine reserves’ and in @A ‘marine sanctuaries’ allow fishing
as normal unless there are some specific reguatioede to the contrary. Most of the
literature discusses ‘marine protected areas’, wihie effectively any part of the sea
where special regulations to protect biotic ando@bi resources might apply
(Ballantine,1997, Attwood et al., 1997a). As a tesal variety of legislation has been
developed internationally under which marine prtddcareas can be established
(Attwood et al., 1997b). Within New Zealand theseaicontinuum of protection ranging

from total ‘no-take’ to selective management bycHjeregulations.



The current Marine Reserves Act (MRA, 1971) in Négaland focuses on establishing
marine reserves for scientific study, not specifycéor conservation or as a fisheries
management tool. This Act is currently under reyiewpotentially refocus the MRA as a
protection mechanism and remove the focus on siitestudy, amongst other issues
(DOC (Department of Conservation) publication, 20@xher ‘marine protected areas’,
that are not marine reserves, in New Zealand iechhe Tawharanui Marine Park and
the Mimiwhangata Marine Park. These are designemmserve certain aspects (such as
specific species, or a unique habitat) of the aaed, restrictions or specific guidelines
can apply to some or all activities, such as fighom mining, that might occur in these
areas. Marine Parks were established under a yaoktlegislation, including the
Resource Management Act, the Fisheries Act anéi#tbours Act, as a one-off, specific
legislation for that particular area, so are unlike be established in the same way
again. (DOC publication, 2000). The Sugarloaf IdmmMarine Protected Area and the
Hauraki Gulf Marine Park are one-off marine progelctareas managed under place-
specific laws. Restrictions vary and are specificeach Act. There are two marine
mammal sanctuaries in New Zealand, establishedruhdeMarine Mammals Protection
Act (1978). These protect only particular marinenmaal species within each area. They
are situated in the subantarctic Auckland Islandsere New Zealand sea lions and
southern right whales are protected, and BanksnBelai in mainland South Island. The
latter includes bans on set nets to protect the esdemic Hector’'s dolphin. Other
legislation in New Zealand includes restrictionsfishing in certain areas and Regional
Coastal Plans which under the Resource Managemen{1R92) must address issues
such as preservation of the natural character gi¥en area and limitations on adverse
environmental effects. Specific to New Zealandase ‘Taiapure’ areas, where specific
rules apply to all, but because they are recognigduk traditionally important to local
iwi (tribe), are managed by a committee (empowdrgdthe fisheries act) who are
nominated by the local Maori community. Lastly, ‘tdaai’ reserves are areas where the
tangata whenua (people of the land) are recognisbdve a special relationship with the

place. These too are managed by a Maori commétekecommercial fishing is banned.

As one can see that the justification for establighmarine reserves can be difficult to
define, not just because of the complex biologarad physical factors, but also the social
factors that must be considered (Bohnsack, 199@). é&xample goals of a ‘better

understanding of a marine ecosystems” or “protgcireas for their intrinsic worth” will
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meet with resistance from those who rely on figsefor their sole livelihood, and for
these reasons the practical benefits of marinervesewill need to be ‘proven’ before
they can be widely used (Bohnsack, 1997).

It is critical, but difficult to demonstrate thefedts and benefits of marine reserves. Jones
et al. (1992) stated that worldwide “the curradthoc approach to the establishment and
monitoring of marine reserves has made interptaif the ecological effects of marine
reservation difficult.” Field investigations varyn iquality and studies are often
confounded by intrinsic ecological differences kedw sites investigated inside and
outside reserves, lack of site and reserve remicaand the lack of information about
the biota as it existed at the time of reservebdistanent (Edgar and Barrett, 1999). This
ad hoc approach is at least in part due to the fact sitaig of marine reserves is not
always purely on the basis of scientific critebat often the boundaries are defined by a
“‘complex mix of aesthetics, opportunism, a littleieice and a large helping of
compromise” (Roberts, 2000). This may lead to stibwd performance of the reserve
and disorganised monitoring regimes. For exampke réserves may be very small, thus
not protecting a large enough area of a certaintdtato allow adequate replication of
sample sites or the habitat they protect may natepessented as control (unprotected)
areas in the immediate vicinity, which are necessara comparison. In New Zealand,
despite the stipulation of the MRA (1971) requirmmgrine reserves to be established for
scientific research objectives, this is rarely dniging force behind the establishment of a
marine reserve. Even if the original proposal westified under these criteria, the power
of the Minister of Conservation to move boundaaésvill, means the end result rarely
resembles the original proposal. An example of was the establishment of the Tonga
Island Marine Reserve in Abel Tasman National P&tew Zealand. The preferred
option by the Department of Conservation scientigtsthe marine reserve boundaries
was to include Separation Point, an area knownippart a large rock lobster population
and five areas of ecological interest to protecaibson and Chadderton, 1994, Abel
Tasman National Park Marine Reserve discussionrdents). These points of interest
are Separation Point horse mussel bed, Separation Fgh current area, part of the
Separation Point bryozoan ‘coral’ beds, Totoranghtcurrent habitat and the Totaranui
rhodolith (calcified algae) bed. However, due tghhrecreational fishing usage of this
area there was a strong objection to this area rbiecp ‘no-take’ from the local
community, such that Tonga Island was the compreragreed upon (Andrew Baxter,
pers. comm., Abel Tasman National Park Marine Resdiscussion documents).
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Baseline studies are those that collect data tonelethe present state of species
assemblages in an area (Kingsford and Batterdl988). In the case of a marine reserve
investigation, a baseline study would be the “b&fqrart of a BACI (Before, After,
Control, Impact) study, the impact being the essabhent of the marine reserve. In a
review of the effects of marine reserves on res#fdries, Roberts and Polunin (1991) did
not find any studies that included quantitativeadan the biota of reserves prior to their
establishment, and most of the published studiespeoed only one site within the
reserve to one site outside. From the literaturg,omn observations and conversations
with colleagues in New Zealand, very few marineereses were monitored before their
establishment. For those areas that were investigagfore reservation status, work was
generally restricted to short one-off investigasioRor example, Kapiti Marine Reserve,
New Zealand, was surveyed in January 1992, betsrefiicial establishment in April
1992 (Battershill et al., 1993). For the Long Isldfokomohua Marine Reserve (New
Zealand), blue codParapercis colias) abundance data was collected in March 1992 and
March 1993, while invertebrate datasets and lolsiants were also collected in March
1992, before its establishment in April 1993. Sgjosmt sampling was all after
establishment of the reserve (Davidson, 1995, 189&ubmission, pers. comm.). A
baseline survey was planned for Pohatu Marine Resdiut due to adverse weather
conditions the first survey at this reserve wasiedrout one year after its establishment
(R. Davidson pers. comm.). Halpern (in press) asqidahe NCEAS (National Centre for
Ecological Analysis and Synthesis) in a review fié@s of marine reserves indicated
that the biological responses to protection wepgdrebecoming evident in 1-2 years after
reserve establishment. Since the marine environrhastbeen shown to respond so
swiftly to reservation status, it is even more ingtiwe that long term baseline surveys be
conducted before the establishment of the resamdenat be left until after reservation
status has been conferred to an area.

However, inadequate baseline surveys can lead @o monitoring of marine reserves.
Monitoring refers to repeated sampling over timéheve the replication should be
adequate to detect variation over both short ang tone spans, and the sampling should
be at more than one location (Kingsford and Bati#ys1998). Without adequate
baseline data of a proposed reserve area, itfisulifto establish the effect of reservation
(i.e. data points outside the normal range of emwvitental variability), or to determine
the magnitude (i.e. the scale by which data poares outside the normal range of
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environmental variability) of this effect. Studi@ésvestigating the effectiveness of a
marine reserve usually involve the comparison t#serve with a control area. This is a
way of trying to establish whether the communitiaside the reserve area differ
significantly from those in a similar habitat oulsia reserve area. Therefore, the areas
being compared must be identical in habitat type @hysical oceanography (i.e.
currents, wave exposure and water temperature} swmtato confound the results. This
gives an indication of a reserve effect, howeveheut thea priori data, one may then
run the risk of attributing reserve effects to aumal spatial variation, or natural
variability or patchiness of populations. Garciaa@bn and Perez-Ruzafa (1999)
described the spatial heterogeneity of selecteditelednean rocky reefs to illustrate
how the “reserve effect” can be confounded by aitiad effect”. The authors stated that
organisms show a heterogeneous distribution abwsrispatial scales, from 10’s to
1000’s of metres. To my knowledge there is no diiere indicating any knowledge of

inherent spatial variation existing in an arearokatablished marine reserve.

There have been many studies conducted on thesfiéctnarine reserves on particular
species (e.g. Cole et al., 1990, MacDiarmid andeBrd 992, Creese and Jeffs, 1993,
Russ and Alcala, 1996, Davidson, 19&8dgar and Barrett, 1997, Babcock et al., 1999
Chapman and Kramer, 1999, Cole et al., 2000, Kaligl., 2000a)Each of these studies
has been conducted using methodology tailoreddspiecies and the marine reserve in
question. The choice of study animal has often bedluenced by whether it is
commercially, recreationally or culturally importaor to a lesser extent whether it
represents a keystone species (i.e. Key specidgemting habitat or community
structure). Key species studied in New Zealandgehaeen common edible reef fish,
especially those of commercial value, such as sraffagrus auratus) and blue cod
(Parapercis colias), and rock lobsterJasus edwardsii), which is also a commercially
valuable species. Kina (New Zealand name for se&hinrEvechinus chloroticus),
although commercially less important, have ofteerbévestigated as they may be a
keystone species. It has been shown in the literdhat they can have dramatic effects
on the surrounding habitat when present in largenbers, and a change in their
abundance within a reserve area has shown a condisig change in habitat. For
example, the relationship between algae and easndidominant invertebrate
herbivores) is described as straightforward andigbioy Choat and Schiel (1982). The
authors described how whole forests of algae caretm®ved, resulting in considerable
changes in the community composition. Post resest@blishment, the densities of kina
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decreased inside the Cape Rodney-Okakari PointngldReserve, in areas where this
species formerly dominated. Consequently, the fakpsts (mainlyecklonia radiata and
Carpophyllum sp.) became more extensive inside the reserve ahdfladaurchin barrens
(an area almost completely denuded of kelp duént@ ¢razing) occupied less of the reef
substratum as compared to control areas. This aseren kina abundance and
subsequent change to the habitat is attributedgioeh levels of predation (by snapper
and rock lobster) on kina inside the marine resefvehift in community structure such
as this, is an indirect effect of reservation, ttuéencreased numbers of the top predators
(Babcock et al., 1999, Shears and Babcock, 2080yever, without documentation of
the habitat and species assemblages in the raseime its establishment this conclusion
was based purely on investigations comparing cbatrd reserve sites, or data collected
at different time periods after reservation stailss is not nearly as robust as a data set

that could/should have been collected prior torregsn.

The present investigation is, to my knowledge, firet time detailed baseline data has
been collected and evaluated to adequately desanilz@ea before reservation. Since the
methodology for continued monitoring of this areastpreservation, has now been
established, accurate comparisons of habitat aeaciegpcomposition change such as that
described above can be made in the future, thuabledting a more accurate
“reservation” effect. This combined with evaluatioh the effect or “success” of an
established marine reserve has enabled me to rmakenmendations on future national
monitoring protocols. Using a statistical meta-gs@l | have trialled a new way to

evaluate effects of marine reserves in general.

1.2 Study aims
The aims of this investigation were threefold:

a) To create a detailed baseline for a proposed magserve area (i.e. the Taputeranga
Marine Reserve located on the south coast of Wgtm New Zealand). This
included gathering quantitative data on an assegebts#f species and testing for
heterogeneity along the coastline. This will endbkeeffects of the marine reserve in
the future to be identified without being confoudd®y any natural spatial variability
that already exists. This information was also usedstablish the most appropriate

monitoring regime for this area, should it continade monitored in the future.
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b) To investigate the effects of an established mareserve (i.e. Kapiti Marine
Reserve). This included monitoring sites both iasahd outside the marine reserve.
These data were then used to test for differencepecies abundance and size inside

and outside the reserve (i.e. to test for changé#se Kapiti Marine Reserve).

c) To carry out a meta-analysis of several marinervesein New Zealand in order to
come to a generalised conclusion about the efauisprospects of marine reserves.
This is a statistical way of combining many studissng the same “treatment” to
evaluate the effect of this “treatment” overall.if has never been applied to studies

of marine reserves before.

1.3 The layout of this thesis

Each of the three aims stated above has been loedén a separate chapter, to allow for
ease of publication at a later date. Chapter Twarmlges the sampling and analytical
methodology used in both Chapters Three and FanceS$he methodology was virtually
identical 1 hoped to reduce repetition for the ealy amalgamating this into a single
chapter. Logistical problems in monitoring marireserves have also been addressed.
Chapter Three addresses the findings from anabfdise baseline data gathered for the
south coast of Wellington. Suggestions are madé&itare monitoring protocols. Chapter
Four deals with the effects of the Kapiti MarinesBeve, as based on data gathered in
this study. Chapter Five presents the results filmenmeta analysis on two key species
looked at from six different marine reserves in Nésaland.

Each chapter has a brief introduction appropriatethe particular investigation, an
outline of the study area, results and a discussiothe results found. Due to the
interlinked nature of these topics there has beets pvhere unavoidable repetition in the
introduction and discussion of these chapters lbaarced. Where possible | have made

reference to previous chapters where common theriss

Chapter Six consists of a summary overview and losians focussing on the findings
from the previous three chapters. It discussesfuh@&e of marine reserves in New
Zealand, stressing the importance of baseline esudhd how best to apply them. |
present some of my own ideas of potential ways @aitar marine reserves in the hope
that comparing marine reserves nationally and legrfrom each case can be made a
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little easier. Specific conclusions relating touitw monitoring of the Taputeranga and

Kapiti Marine Reserves are outlined.



CHAPTER 2

METHODS
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CHAPTER 2 - METHODS

Detailed information about the Wellington south stoand Kapiti Marine Reserve is
found in chapters Three and Four respectively. bidtlogy used was identical, so it is
described here to avoid later repetition. Slighfedences in statistical analyses are

described in section 2.5 in this chapter.

2.1 Site Selection — South Coast

In 1998, at the start of this investigation, sitesre selected to incorporate an equal
number of sites both within and outside the progasserve area. The sites outside the
reserve were to act as a spatial control. An equatber of reserve and control sites
should be surveyed as this gives a statisticallgrzed design and multiple impact and
control sites also provide a true representatioarofaverage” response or an “average”
normal variation (Jennifer Brown, pers.comm., Edgad Barrett 1997, Underwood
1981)

The sites chosen on the South Coast were basetieoproposed boundaries of the
Taputeranga Marine Reserve at the beginning ofstbey (Fig 2.1. — 1996). (See
Chapter Three for further explanation). This pr@bostated that the reserve would
include everything from the first point within th@uarry gates to Palmer Bay and it
would extend 2 km offshore. The sites chosen wieoen(west to east):

Sinclair Head, Red Rocks, Yungh Pen, The Sirenac®ss Bay, Palmer Head, Breaker
Bay and Barretts Reef. (Fig 2.2)

Red Rocks, Yungh Pen, The Sirens and Palmer Heealallesites that would have been
inside the proposed marine reserve boundaries.offtex four sites were selected to be
used as controls after establishment of the reserve

Surveys were undertaken as often as feasible emah working within constraints of

weather and also equipment and personnel avatiabili

All eight sites were investigated on a total of ddmpling events, over a three year
period. These were carried out on the followingedatlan-Feb 1998, Sep-Dec 1998, Jan
1999, March 1999, May-July 1999, Sep-Oct 1999, @99, Feb 2000, April 2000, June
2000 and Dec 2000. See Table 2.1.
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Table 2.1. Sampling periods on the South Coast of Wellingtatiernate sampling

periods shown by differing colours.

1998 Survey 1999 Survey 2000 Survey
Code Code Code

January S-1998-1  January S-1999-1January

February February February  S-2000-1

March March S-1999-2 March

April April April S-2000-2

May May S-1999-3 May

June June June S-2000-3

July July July

August August August

September S-1998-2  September S-1999-&eptember

October October October

November November S-1999-5 November

December December December S-2000-4




Fig. 2.1. Previous boundary proposals for the

Taputeranga Marine Reserve. Sites chosen were based on the 1996 boundary proposal.
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2.2. Site Selection — Kapiti Marine Reserve
As with the south coast of Wellington, sites wezkested to incorporate an equal number
of sites both within and outside the reserve aréa. sites outside the reserve were to act
as a spatial control and to enable comparisonfafges in species abundance and size
in reserve sites in relation to changes at cosites. Similarly, as with the south coast of
Wellington, an equal number of reserve and consitds were surveyed to give a
statistically balanced design (see section 2.1psé&hsites were chosen based on the
Battershill et al. (1993) preliminary survey cadrieut in 1992 (See Chapter Four for
further information) (See Fig. 2.3.). All sites estied for this investigation had been
surveyed by NIWA in 1992. Thus the NIWA survey sshto provide some comparison
of the area before it became protected.

The sites chosen were Kaiwharawhara Point and TBdkdPoint as control sites and

Onepoto Point and Arapawaiti Point as reserve.sii8se Fig. 2.3.).

Surveys were undertaken as often as feasible esah working within constraints of
weather and also equipment and personnel avatlalblil four sites were investigated at
a total of 12 sampling events, over three yedngs€& were carried out on the following
dates: July-Sep 1998, Feb 1999, March 1999, ApEI9]1 Sep 1999, Oct 1999, Jan 2000,
March 2000, May 2000, July 2000, Sep 2000 and Nif302See Table 2.2.
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Table 2.2. Sampling periods at Kapiti Marine Reserve. Alteenaampling periods
shown by differing colours.

1998 Survey 1999 Survey 2000 Survey
Code Code Code

January January January K-2000-1

February February  K-1999-1 February

March March K-1999-2 March K-2000-2

April April K-1999-3  April

May May May K-2000-3

June June June

July K-1998-1 July July K-2000-4

August August August

September September K-1999-4  September K-2000-5

October October K-1999-5 October

November November November K-2000-6

December December December




MParaparatim Beach::
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2.3. Species surveyed

The key species surveyed were:

2.3.1. Algae

Undaria pinnatifida (Asian kelp) This is a South East Asian seaweddunced into
Wellington harbour sometime between 1978 and 198w @nd Luckens, 1987). Several
studies are being carried out on the spread ofséasveed. This species was included in
the study so that a spread to any of the choseregsites would be detected early on.
Ecklonia radiata (paddleweed)

Macrocystis pyrifera (giant kelp)

Carpophyllum maschal ocarpum (narrow flapjack)

Lessonia variegata

The latter four species are all shallow subtid&csgs that are common throughout New
Zealand (Adams, 1994). They were chosen for thigesubecause they are common and
widespread in this area. A large part of the roskypstrate is covered with these
macroalgae and they are probably an important gmatice for many of the herbivorous

organisms, such as butterfish and kina. They asdyeidentifiable and it was hoped that

they would show a quick response to the implemmmtadf reservation status. Since

these species are abundant in this area it wasdhiby by monitoring any changes in

abundance of these species, indications of seatenals might be detected. Changes in
algal abundance may change if abundance of hedaigasrganisms using them as a food
source change with reservation, as has been fau@dme Rodney-Okakari Point Marine

Reserve (Babcock et al., 1999).

2.3.2. Invertebrates

Haliotisiris (black foot paua)

Haliotis australis (yellow foot paua)
Evechinus chloroticus (kina or sea urchin)

Jasus edwardsii (rock lobster)

These species were chosen because they are sdhee lafgest invertebrates inhabiting
the two areas investigated. They are all commeatidlrecreationally important species.
Poaching of these species does occur (pers. okkigh would influence the effect

reservation has on these species. Customary cotlecan also alter the abundance of
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these species. Since these species are undergfigsteasure, providing poaching is kept
to a minimum, a change in these species size anddabce is likely to occur with
reservation. Sea urchins, or kina, have been krtovghow very pronounced responses to
reservation (see section 1.1). Rock lobster hage #@#een shown to have marked
increases in other marine reserves within New Zeh(@lacDiarmid and Breen, 1992,
Kelly et al., 2000b), hence it was thought thasthepecies would be good indicators of a
change.

2.3.3. Fish

Odax pullus (butterfish)

Parapercis colias (blue cod)
Latridopsis ciliaris (blue moki)
Chellodactylus spectabilis (red moki)
Notolabrus fucicola (banded wrasse)
Nemadactylus macropterus (tarakihi)

Pseudocaranx dentex (trevally)

These species, with the exception of the bandedssraare all commercially important
species and most are reasonably common on thendftelh south coast and and around
Kapiti Island. Some, like the red moki are known dbow a marked response to
reservation (Cole et al., 1990). The banded wrassechosen because of the abundance
of this fish in the study area. Studying changethis species size or abundance due to
reservation status would provide a contrast todhasnges that may occur in a species
more subject to fishing pressure. There were mangrdish species observed and noted
also. See Tables 2.3. and 2.4.



Table 2.3.Species surveyed on the Wellington South Coast.

Common name Scientific Name Category
Paddleweed* Ecklonia radiata Algae

* Lessonia variegata Algae

Asian kelp Undaria pinnatifida Algae

Giant kelp Macrocystis pyrifera Algae
Narrow flapjack* Carpophyllum maschalocarpum  Algae
Banded wrasse* Notolabrus fucicola Fish

Blue cod* Parapercis colias Fish

Blue moki* Latridopsisciliaris Fish
Butterfish* Odax pullus Fish
Butterfly perch Caesioperca lepidptera Fish
Copper moki Latridopsis forsteri Fish
Girdled wrasse Notolabrus cinctus Fish

Jack mackerel Trachurus declivis Fish

Kawhai Arripistrutta Fish
Leatherjacket Parika scaber Fish
Marblefish* Aplodactylus arctidens Fish

Moari chief Notothenia angusta Fish
Parorae Girella tricuspidata Fish

Pigfish Congiopodus leucopaecilus Fish

Red banded perch  Hypoplectrodes huntii Fish

Red cod Pseudophycis bachus Fish

Red moki* Cheilodactylus spectabilus Fish

Scarlet wrasse* Pseudolabrus miles Fish
Scorpionfish Scorpaena papillosus Fish
Spotty* Notolabrus celidotus Fish

Sweep Scorpis lineolatus Fish
Tarakihi* Nemadactylus macropterus Fish
Trevally* Pseudocaranx dentex Fish

Yellow eyed mullett  Aldrichetta forsteri Fish

Black foot paua* Haliotisiris Invertebrate
Rock lobster* Jasus edwar dsii Invertebrate
Kina* Evechinus chloroticus Invertebrate
Yellow foot paua* Haliotis australis Invertebrate

* denotes species that were used in statisticdyses



Table 2.4.Species surveyed at Kapiti Marine Reserve.

Common name Scientific Name Category

Paddleweed* Ecklonia radiata Algae
Lessonia variegata Algae

Asian kelp Undaria pinnatifida Algae

Giant kelp Macrocystis pyrifera Algae

Narrow flapjack* Carpophyllum maschalocarpum  Algae

Banded wrasse* Notolabrus fucicola Fish

Blue cod* Parapercis colias Fish

Blue moki* Latridopsisciliaris Fish

Butterfish* Odax pullus Fish

Butterfly perch Caesioperca lepidptera Fish

Common roughy Paratrachichthystrailli Fish

Copper moki Latridopsis forsteri Fish

Girdled wrasse Notolabrus cinctus Fish

Jack mackerel Trachurus declivis Fish

Kingfish Seriola lalandi Fish

Koheru Decapterus koheru Fish

Kawhai Arripistrutta Fish

Leatherjacket* Parika scaber Fish

Maomao Scorpis violaceus Fish

Marblefish* Aplodactylus arctidens Fish

Moari chief Notothenia angusta Fish

Red banded perch  Hypoplectrodes huntii Fish

Red cod Pseudophycis bachus Fish

Red moki* Cheilodactyl us spectabilus Fish

Scarlet wrasse* Pseudolabrus miles Fish

Spotty* Notolabrus celidotus Fish

Sweep Scorpis lineolatus Fish

Tarakihi* Nemadactylus macropterus Fish

Trevally* Pseudocaranx dentex Fish

Yellow eyed mullett  Aldrichetta forsteri Fish

Black foot paua* Haliotisiris Invertebrate

Rock lobster* Jasus edwar dsii Invertebrate

Kina* Evechinus chloroticus Invertebrate

Yellow foot paua* Haliotis australis Invertebrate

* denotes species that were used in statisticdyses
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Average sea surface temperature data were provigedeff Copeland from NIWA
(National Institute of Water and Atmospheric resbar These data were obtained to be

used in subsequent analyses.

2.4. Survey Methods

Identical methodology was used to survey both thalidgton south coast and Kapiti
Marine Reserve. This was so that volunteer diversse trained, could be used to
perform censuses both on the Wellington south caast at Kapiti Marine reserve
without needing to learn two separate survey tephes. Additionally, the same
equipment (transect lines, data sheets and quadmitkl be used for all surveys.

Willis and Babcock (1997) suggest several methodsi$sessing reef fish populations as
an alternative to the common visual census teclenppiformed by SCUBA divers. This
technigue has been used in many studies as a wgathier data on reef fish populations
(McCormick and Choat, 1987, Buxton and Smale, 1¥88le, 1990, Russ and Alcala,
1996, Chapman and Kramer, 1999, Edgar and Bat@39, Cole et al., 2000). Although
there are inherent biases in this technique dwanging degrees of skill of fish sighting
and recognition of the SCUBA diver, and possiblerad fish behaviour (McCormick
and Choat, 1987, Thompson and Mapstone, 1997,svifid Babcock, 1997) this is still
considered to be the most versatile, inexpensiasilyerepeatable non-destructive fish
counting technique. Hence this technique was chésegathering fish abundance data
in the present study. Two other methods of usingJB& divers to perform visual
censuses are timed counts (Jones and Thompson, @6I&Bet al., 2000) and the roving
diver technique (Schmitt and Sullivan, 1996). Thdeehniques had no obvious
advantages over visual census techniques alongim tsdnsect, so these were not
adopted.

Alternative methods are Catch Per Unit Effort (CRWE Catch, Measure and Release,
where fishing effort (number of fishers and fishitime) is recorded until a pre-set
number of fish are caught. All fish are measureght kuntil the end of the sampling time
and then released (Davidson, 1997). However, #ugiires a large number of skilled
anglers available at one time, fish holding tankd ¢he necessary fishing equipment.
This method, although having been shown to be usefstimate abundance of blue cod
populations (Davidson 1997), is not suitable fosessing a whole suite of species as
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competition between species for the baited hookslead to bias, as was found with
snapper and blue cod at Cape Rodney-Okakari Poimtin®! Reserve (Willis and
Babcock, 1997). This method was not used in thegmteinvestigation due to lack of
skilled personnel, possible mortality of fish ame tinability to survey multiple species

using this method.

Underwater remote baited video camera systems baea used at Cape Rodney-
Okakari Point to assess fish populations (Willisl @abcock, 1997). These were shown
to be most useful to obtain accurate data for bbgeand snapper populations. A trial of
this method was conducted on the Wellington sowathst by Trevor Willis (Auckland

University). Due to the topography of the site syed, and remnant sea swell the
camera was difficult to place and retrieve. Additily, this method requires a large
amount of post-survey laboratory time and the apate software to analyse the video
data. Due to the prohibitive cost of a remote canssistem and the software, plus the
possibility that the data would not accurately esent all fish species present, this

methodology was not used in the present investigati

Fish tagging methods have also been used as bysWiBk97) and Cole et al. (2000).
Tags are usually external, where fish are markepl&stic tags, fin clips or subcutaneous
dyes. Internal tags such as chemicals or intemaaisponders are also used (Willis,
1997). However these methods are species spenidi@ppear more suitable for tracking
movements of individual fish. Tagging methodologies be limited by the small range
over which tags are detectable and sometimes byebessity to sacrifice the fish in
order to read the tag (Willis, 1997). Hence thesthads were not deemed appropriate

for the current investigation.

An underwater stereo video camera system receptlgldped by Euan Harvey (1998)
was seriously considered as an alternative to hidiuar censuses. This allowed accurate
size data for all fish recorded whilst swimmingrajca strip transect to be recorded by a
single diver. However, the cost of the initial caenset up and the associated software
was prohibitive to this method being used. Theveafé developed by Harvey (1998)
also still had flaws that needed addressing betffoie method could be used without

problems.
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Typically there were three teams of two diversfganing visual fish censuses. One
diver would swim in a random direction from therstaoint and the other diver, after
indicating the start of the transect at 5 m, wdoltbw behind with the transect line, so
as not to scare the fish away before the diver wogrhe fish could record them. The
diver with the transect would indicate to the ottlier that the transect was finished by
pulling their fin. The transect line was then teffland each diver would then swim back
to the start point intensively searching a one enstrip on their side of the tape for
invertebrates. At the start point, the process reggated in another direction. The tape
was moved before starting the third transect. Qm tthird transect, only fish were
counted, not invertebrates. One team of diversllysbad a third diver working on the
same transect line with a quadrat doing the algahts. If there were three teams of two
divers in the water at one time following this pedare then at the end of one dive count
data from nine fish transects, six invertebratadeats and thirty algae quadrats had been
collected. These sampling methods allowed fishertebrates and algae surveys to be
combined maximising sampling efficiency from divene in the water. On occasion,
due to lack of personnel, these proceedings wedifiad to enable the same work to be

carried out with less divers.

In order to address the issue of variability inligbto estimate fish sizes, divers were
tested to determine their average error in fishe sstimation (Trevor Willis, pers.

comm.). This was carried out in January 2000 inlsfend Bay lagoon. A transect line

was laid out, with numbered plastic cut out fislsifoned on either side of the transect
line. The divers swam along the transect line esimy the size of each fish and these
estimates were then compared with the actual vdlbe. cut outs ranged in size from
14cm to 50cm. The average error was found ta&48 cm. Therefore, the error was
smaller than the 5cm size interval used in theredton of fish sizes. Where possible the
same group of trained divers were used for condgcsurveys, however this was not

always possible.

2.4.2 Fish

To survey reef fish a visual census along tran$iees was used. This is the most
common method of reef fish survey (McCormick ancd&h 1987, Willis and Babcock,
1997, Kingsford and Battershill, 1998). Divers swan?25 m strip transect along a
measuring tape, counting fish 2.5 m either sidheftape, thus counting fish in a 25 m x

5 m corridor (e.g. Cole 1994). When the tape we ¢iff, the diver commenced counting
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fish at the 5 m mark. This was to reduce skewedisodue to fish disturbance while
divers were tying off the tapes (Trevor Willis, Warsity of Auckland, pers comm.). The
sampling was carried out whilst the transect tajps feing set rather than retrieved to
avoid counting fish that had followed the diver [€dl994). The seven key fish species

were estimated in size (to the nearest 5 cm), disleispecies were counted only.

Nine replicate fish count transects were made &t sde at each sampling date. Thus the
total area sampled per site per time was 9 repicat25 m x 5 m= 1125 mThis was
found to be an adequate number of transects oticdérsize by Trevor Willis (pers.
comm., 1997) in his monitoring of Cape Rodney-OkaRaint Marine Reserve. There

were noa priori expectations for the south coast or Kapiti MafReserve.

2.4.3. Invertebrates

Invertebrates were sampled along six replicatg dtansects. Divers laid out a 25 m
transect line, then swam alongside it searching @éithrer side of the tape for the four
target invertebrate species. Paua specimens foemed measured for length along the
longest axis of the shell, while teste diameter wesasured in kina. Specimens were
measured with plastic rulers on the side of theéeslaised to record the data. Rock
lobster, which were not measured, were just notetdeang adult or juvenile, so as to

prevent disturbance to the animal by pulling it oliits hole.

The total area sampled per site per sampling tirag &vreplicates x 25 m x 2 m = 300
m?. Battershill et al. (1993) sampled the same acedrivertebrates in their survey of

Kapiti Marine Reserve in 1992. There wereaywiori expectations for the south coast.

2.4.4. Algae
Algae were surveyed by dropping a 250°aadrat every three metres (this distance

was chosen to space quadrats equally along traredeog a 30 m transect line (i.e. ten
quadrats per transect). Three transects were daoué per site, giving a total of 30
quadrats per site. The use of the transect wasyparavoid diver bias when selecting a
site to place the quadrat.

Only the stipes of the five target algal speciesewaunted. Numbers of algal plants
visibly damaged by herbivore browsing were alsonted. The damage was quantified
as (a) partial damage to fronds (frond damage)(lor total removal of fronds leaving



31
only the stipe (stipe damage). This was recordechse the damage to algal plants was
seasonal, and that subsequent data analysis nfigiv this. In this arbitrary assignment
of categories into frond or stipe damage, frond algenwas less severe than stipe

damage.

Additionally video surveys were conducted in ordierestablish percent cover of the
various algal species at each site. Only one seideb surveys were carried out on the
Wellington south coast and none at Kapiti maringeree, due to logistical problems.
These video surveys on the Wellington south coastewarried out between May and
July 2000. At each site bottom composition wasdithalong three thirty metre transects.
Using Matrox PC Remote Video software six framesenanalysed from each transect.
Using a transparent sheet with 100 randomly asdigias, the dots covering each
species of algae (or bare rock) were counted. dta humber of dots per site per algal

species was then added up and divided by 18 toagpearcent cover of that algal species.

Problems

In this thesis, field work was always at the medfyweather, and lack of trained

personnel made it very difficult to carry out samgl and subsequently not every
planned survey was carried out. Sometimes avaihaluf the boat and skipper due to

great demands on his time was also a limiting fagtocess to a boat, and a skipper with
good local knowledge of the area is vital to tiyget of work. Using a boat provides easy
access to dive sites, and with availability ofriead divers one can make more efficient
use of time. This is important in areas such asMedington south coast where periods

of settled weather are rare.

There are other problems associated with SCUBAd&skwork. Visibility needs to be
a minimum of a certain distance for fish count®eocarried out. Even if the visibility is
enough to meet the requirements of seeing theittwirin which fish counts are carried
out, in marginal visibility the fish tend to scagasier and often swim away from a noisy
diver (R. Davidson pers. comm., pers. obs.). Tlgld potentially skew counts. This
was the case in the last two surveys undertak&apiti Marine Reserve. Visibility was
marginal. All due care was taken to swim quietlyl @void scaring fish, but there is a
possibility that the data weren’t truly represein&tof the fish that were present. Dives

must be kept to a certain time and depth to allepetitive dives to be carried out in one
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day. Winter diving in this area particularly, nedde take consideration of time spent in

the water as divers would become cold quickly aftaltiple dives.

Additionally choice of sampling units was partialbhased on the fact that these were
underwater surveys. Transect size chosen was lbasgetvious studies and also because
of the fact that transects of the size utilisediddne replicated multiple times on a single
dive. Similarly the choice of quadrat size was dateed by the ability of a single diver
to handle the quadrat underwater. In both casesetsampling units were chosen to
enable a multi species survey. If a single spewndg was being surveyed the size of the
sampling unit would necessarily have been tailoi@dsuit to help reduce variance
because of patchy distribution of the species.

The areas surveyed were both coastal reef areaswitlefined shelf or slope. Hence the
sampling was always carried out within a depth eao§3 — 15m. These surveys were
not depth stratified as the habitat did not lesdlftto easily and consistently sampling at

certain depths.

2.5. Statistical analysis

The statistical package ‘Systat 9° by SPSS and #&taand Precision’ by Biostat were
used for data analysis. The data collected fron hbé Wellington south coast and
Kapiti Marine Reserve were subject to the samassita! tests. Statistical tests were
applied to the suite of species for which data walfected in this investigation. Only
those species where enough data was available ke statistical tests meaningful were

used.

2.5.1. Kruskal-Wallis Tests

Biological data often do not fit the assumptions rafrmality required to perform
parametric statistical tests, therefore firstly auskal-Wallis non-parametric test was
performed on these data to test the null hypothéisat there is no difference in
abundance (or, where appropriate, size) separédelgach species concerned, among
sites on the south coast. The tests were perforsepadrately for each species, and
afterwards the results were adjusted using Bonfésequential correction for multiple
testing. The data collected for Kapiti Marine Resewas subject to the same Kruskal —
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Wallis non-parametric test to test the null hypstheof no difference amongst sites at
Kapiti Marine Reserve. The test was then repeatadiny data choosing ‘reserve’ as a
factor to additionally test the null hypothesed ti@re is no difference between reserve

and control sites.

2.5.2. Analysis of Variance tests
The data were then transformed to enable Analysiganiance (ANOVA) tests to be

performed on this data. Parametric ANOVA tests m@e powerful than the non-
parametric Kruskal-Wallis tests, but the data musiet certain assumptions such as
normality and equality of variance. The residudifi¢rence between observed value and
estimated value for the model) of the data werétgaioto select the best transformations.
To check for equality of variance, a plot of theideials against the estimated data should
form a straight horizontal band across the pagechHexk for normality the plot of the
residuals against the quantiles of the normal ibigiion should form a straight line.
Abundance data were lpzansformed and size data were square root transth

For the south coast, these transformed data weresilibject to one factor (site) ANOVA

tests using the software package Systat 9 testindifferences among sites, using the
general linear model function. Any significant riksuvere then put through Post Hoc
Tukey tests (pairwise comparisons) to establishciwisites were significantly different

from each other (i.e the location of the significafifferences). These tests were
perfomed, as with the Kruskal-Wallis tests, to tds null hypotheses that there is no
difference in abundance (or, where appropriateg)sigeparately for each species

concerned, among sites on the south coast.

The data collected from Kapiti Marine Reserve, ¢higansformed data were also subject
to one factor (site) ANOVA tests using the softwgrackage Systat 9 testing for
differences among sites, using the general lineadeifunction. These tests were then
repeated to test for differences between resergecantrol sites and also for differences
amongst sites nesting reserve in this variables Thibecause the differences between
sites need to take into account “reserveness” efsite. As for the south coast, any
significant results were then put through Post Hokey tests (pairwise comparisons) to
establish which sites were significantly differérdm each other (i.e the location of the
significant differences). These tests were perfaknas with the Kruskal-Wallis tests, to
test the null hypotheses that there is no diffegeincabundance (or, where appropriate,
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size) separately for each species concerned, asitasgat Kapiti Marine Reserve. These
tests, as with the Kruskall-Wallis tests, were e#pd using ‘reserve’ as a factor to test
the null hypotheses that there is no differencevben reserve and control sites.

Both Kruskal-Wallis non-parametric tests and ANOWSsts were performed on these
data because transforming the data reduces thabudyi, thus using both tests checks
that the transformations do not alter the restitsll cases usual convention is followed

and thea-level 0.05 is accepted as being significant.

2.5.3. Power analysis
Power analysis was performed on the results froesehPANOVA tests. This was done

using the package “Power and Precision” by Miclig@ienstein. This analysis tests the
power of the data to detect a change in averagaespsize or abundance should there be
one. This was done by selecting the one way ANOWAom in the statistical package.
The mean square error from the ANOVA results was vhriance within cells (or
variance within a site) and the effect size wasmated by the package after entering the
means (in this case lptransformed abundance) from each site. The comactber of
factors was chosen (i.e number of sites) and tleeage number of cases per site. The
programme then calculated the power of these data, percentage, to detect a change
(in this case in abundance). The object of this wagstablish whether the sampling
regime in the present investigation was suitabledétect any future changes in the

reserves, (should the Taputeranga reserve becdatdigised).

2.5.4 Multidimensional Scaling

The average abundance (and size where applicalfleeaoh species (all fish,
invertebrates and algae together) per site at sanley period was collated into a data
matrix. This was then used to do a multidimensiataling (MDS) analysis of the data
to provide a picture of the similarities or disdemites of sites on the south coast and at
Kapiti Marine Reserve. MDS is a powerful data redrc technique that computes
coordinates for a set of points in a space suchthigadistances between pairs of these
points fit as closely as possible to measured ritamiity between a corresponding set of
objects (Borenstein, 1997). The MDS was then regké&dr algae only, invertebrates
only and fish only to determine if there was anfyjelence using these groups of species
by themselves. The aim of this analysis was to éxaitine null hypotheses that each site

is equally similar, or dissimilar, to each othenwrever, this pictorial representation of
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site similarity or dissimilarity is specific to sges examined in this investigation only

and should not be confused with a complete commuamalysis.

2.5.5 Testing for seasonal variation
To test for seasonal effects, each survey was caslélonging to a certain time of year

(e.g. all surveys conducted between May and Juaninyear, were given the same code,
all surveys conducted between October and Decembay year, were given the same
code. The samples were broken into five categoriésgse categories were used as the
‘time’ factor. A correlation analysis was run beemesea surface temperature and the
variable being tested (in this case dagansformed average count data). If there was a
significant correlation then sea surface tempeeatuas included in the model and a 2-
factor (site and time) ANCOVA (analysis of covariance)ttess carried out using this
coding of time periods as a factor to see whetheret were significant differences
among time periods in this investigation. Interactbetween site and time of year was
used as a factor to test whether the differencésden sites are the same at differing
times of year. Sea surface temperature was usea esvariate for these tests, to
determine if it played an important role in explagany variability that might be found
on the south coast. This analysis of the whole medes performed in a stepwise
manner, taking out each non-significant effectna model. This involved fitting a full
model and a reduced model (with one of the effeotdted). The difference between the
models is used to test the significance of the techieffect. Systat cannot run a stepwise
analysis separately for each species so this pdwas to be done manually, taking out
each factor in turn, until a parsimonious model wasained. The model used for the
south coast initially tested these factors:

Time

Site

Time*Site (interaction between time and site)

Sea surface temperature (co-variate)

In the case of data from Kapiti Marine Reservéhére was a significant correlation with
sea surface temperature and.ltvygnsformed count data, a 3-facfstte(reserve), reserve
and time) ANCOVA (analysis of covariance) test wasried out to determine whether
there were significant differences among time mxion the present investigation.
Interaction between site and time of year was used factor to test whether the
differences between sites are the same at diffdnmgs of year. The model for Kapiti
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Marine Reserve also used site nested within resestead of testing for differences
amongst sites only as the two are interlinked. As the south coast, sea surface
temperature was used as a covariate for these tieststermine if it played an important
role in explaining any variability that might beufod at Kapiti Marine Reserve. The
model used for Kapiti Marine Reserve initially esthese factors:
Time
Site(reserve)
Reserve
Time*Site(reserve)

Sea surface temperature

2.5.6 Testing for differences in algal damage
Lastly, ANCOVA tests were performed on logansformed data for damage to algal

plants. During the course of the data collectidnywas noted that the algal plants
sometimes had visible damage to the fronds andijpess The damage was arbitrarily
categorised into frond or stipe damage , wheredird@mage was less severe than stipe
damage. This was tested to see if there was dismmti difference in amounts of damage
to algal plants at certain times or whether thees \more damage at some sites than
others. The model used was:

Site

Damage

Time

Time*Damage (interaction)

Site*Damage (interaction)

Site*Damage*Time (interaction)

Sea surface temperature (co-variate)

The model used for the Kapiti Marine Reserve was:
Site(reserve)

Reserve

Time

Sea surface temperature (co-variate)

Damage

Damage*Reserve (interaction)

Damage*time (interaction)
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Damage*Site(reserve) (interaction)

Damage*Site(reserve)*time (interaction)

A manual stepwise analysis was performed for thss,for seasonal variation (see

previous section).

2.5.7 Comparison to previous data
In 1997, a team of UK navy divers were recruitedidosome preliminary surveys of the

Wellington south coast. These surveys were religtisinple and concentrated on a few
species only. Abundance of blue cod, blue moki lamttierfish were surveyed as well as
black foot paua, yellow foot paua and kina thaterMeoth counted and sized. These data
were added into the dataset from the present sty were given a different time
coding. These data were then appropriately tramsddr log transformed for abundance
data and square root transformed for size dataselluata were then tested for a
hypothesis of no difference between 1997 and thexage data counts from similar
months from the present study. Data from eachthdé was common to both studies

were analysed separately. These data were testeglaisne factor ANOVA (time).

The raw data gathered in the Battershill et al.8)9urvey at Kapiti Marine Reserve

were used to perform ANOVA tests against the datan fthis investigation to establish if

there were any significant differences in sizes abdindances of common species
surveyed between the two studies (i.e. before &ed @@servation). The count and size
data for species and sites that both studies hednmmon were selected

The Battershill et al. (1993) raw data were added the dataset from the present study
and given a different time coding. These data \ilees appropriately transformed, log
transformed for abundance data and square roosftmamed for size data. A null
hypothesis of no difference between 1992 (befosermation) and the average data
counts from similar months from this study (afteservation) was then tested. Data from
each site was analysed separately. These data teserl using a One factor (time)
ANOVA.
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CHAPTER 3 — THE SOUTH COAST OF WELLINGTON

3.1 Introduction

A marine reserve has been proposed for the sowtht @d Wellington. This was first
proposed in the early 1990’s, but since this daéeproposed boundaries have changed
several times (Chapter 2, Fig. 2.1). This is modtlg to the fact that many different user
groups, such as iwi, the general public, commearial recreational fishers, needed to be
consulted and a compromise arrived at to meet #sels of all these different groups
(Taputeranga Marine Reserve Application). Politicampromise and consultation is a
problem with the establishment of virtually all nmer reserves, hence presenting one of
the biggest hurdles to establishing baseline da#aause if a baseline survey is to be
carried out, the questions of when and where dfecut to answer. At the time of
writing, a formal application has been submitte8 (ct 2000) and is presently with the
Department of Conservation awaiting a recommendaftiom the Director General of

Conservation to the Minister of Conservation.

The principle for establishing a marine reservetib@ south coast of Wellington is
threefold. Firstly, the Cook Strait is a unique pad water, that separates New Zealand’s
two largest islands. If the goal is to create aerlmking network of marine reserves
(Ballantine, 1994, 1995) as described in the gématraduction, then this is an important
area to have a reserve as a stepping stone betiwedwo islands. Currently in New
Zealand there are many more marine reserves atberidorth Island (as seen in Chapter
1, Fig 1.1) than the South Island, and having aimeareserve in central New Zealand
will help to shift the balance slightly. Secondisland Bay is a strategic place to create
this reserve as the Victoria University Island Bégrine Laboratory is located on this
coast. The Cape Rodney-Okakari Point Marine Resesvéeing, and has been,
intensively studied due to the fact that Leigh MarLaboratory was located nearby, and
establishing a marine reserve on the Wellingtontrsawoast so close to a marine
laboratory would encourage scientific study of #rea. Under the current legislation
(MRA, 1971) this fufills the criteria of scientifistudy. Lastly, Island Bay is a high
recreational use area. Divers would be able torgpee the changes taking place in the
marine reserve first hand, which would potentialhgrease public support. This is
important as the criteria in section 3 (d) of thBRMstates thattte public shall have freedom
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of access and entry to the reserves, so that tlagyemjoy in full measure the opportunity to studyserve
and record marine life in its natural habitdf the “spillover” effect occurs here then theyagn
notice the benefits in increased numbers of robistlers available for recreational catch
outside the reserve. The commercial fishermen nsy reotice increased, or at least no
decline, in yield, as has been the case at the Rapuimey-Okakari Marine Reserve
(Kelly et al., 2000a).

Based on the lack of scientific study on how t@akksh an adequate baseline for marine
reserve monitoring, one of the aims of this thdasido determine what should be
considered appropriate. When the idea of creatirmpseline was conceptualised, the
proposed boundaries were those from the 1996 boymdaposal (Chapter 2, Fig. 2.1.).
This is what the site selection was based upona# anticipated that the marine reserve
might be implemented during the time of this inigaion so that there would be
approximately one and a half year’'s baseline, erpserve, data collected and then
another year and a half's data collection followihg implementation of the reserve.
This would allow determination of how suitable thaseline protocol had been in
detecting any change due to reservation. Unforéipahis was not possible as the
reserve was not implemented during the courseisfditudy. This is an example of the
uncertainty in establishment of marine reservesciwing often why baseline data is not

collected, or if so is done only in the early yeafter reserve establishment.

An equal number of sites was chosen inside anddeutise proposed reserve boundaries.
However, during the course of this investigatioa toundaries were changed to those
shown in Fig. 3.1. This meant that the sites chdsee Chapter 2, Fig. 2.2) were no
longer equally spread amongst the proposed reserdecontrol areas. However, these
sites are well spread over the 11 km stretch o$tcaad provide a good representation of

the south coast so they were monitored over tieetiiear investigation.



Fig. 3.1. Currenj: boundary proposal for Taputeranga Marine Reserve.
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Despite the fact that the marine reserve was rnabkshed during this investigation, the
collection of this 3 year comprehensive baseling geiovides valuable information on
the populations of selected species found on tlhsooast. Underwood and Atkinson
(1992) state that it is imperative to collect enougformation to be able to estimate the
magnitude of natural fluctuations in population sitas. Since this investigation was
carried out over a long duration, it was hoped tay patterns in natural seasonal
variation would be identified. This is importantiasneans that subsequent monitoring of
the marine reserve would not attribute reserveustals being the cause of what are

actually seasonal and/or other longer term cyctibainges.

There are a few cases where baseline data has dmktted prior to reserve
establishment in New Zealand, such as Davidsosulomission) where data on blue cod
abundance was collected 13 months prior to estabést of Long Island-Kokmohua
Marine Reserve (established 1993), and subsequenitoring continued for seven
years. To date, this is the longest published serges of data for continued monitoring
of a marine reserve, but only a small part of treggeys were carried out before reserve
establishment. A marine reserve was proposed fter&m inlet, Stewart Island, New
Zealand. Lindsay Chadderton (DOC) and Rob Davidddavidson Environmental)
carried out a baseline survey at this site from211@91997. However, the sites were only
monitored annually and only fish abundance datacatah, measure and release methods
were gathered. Additionally, a one-off rock lobstarvey was performed (R. Davidson,
pers.comm.). A marine reserve was also proposeldidoura, yet this application has
been awaiting approval for many years. DOC, in atmtation with Canterbury
University funded a one-off baseline survey foreans in the early 1990’s, but since then
no more monitoring has been undertaken. This besealurveyed fish species only (R.
Davidson, pers.comm.). Therefore the present ifyaggin is unique as it is the only
baseline study which consists of continual monitgitihroughout the year, for three years
continually, before establishment of a marine nese@nd also investigates a whole suite
of species. Therefore the scientific underpinnimigthis research is to create, for the first
time, an extensive baseline database for a maeserve in New Zealand before the
establishment of the reserve. Using results froeseHhfindings will enable creation of a
guideline for baseline study protocols for all itumarine reserves. It will help decisions
as to how to conduct baseline surveys, in termssarhpling effort required and
methodology, what species should be used as keyatod species and how to address
associated problems.
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3.2 Study Area

The south coast of Wellington is a high energy emrent. It is known for the severity
of its storms and tides (Carter and Lewis, 1995gllMgton borders the Cook Strait
which is subject to deep ocean, southerly swell stodn generated waves and currents
due to local meteorological events. The winds addst are also intensified through
constriction by Cook Strait (Carter and Lewis, 199Garter and Heath 1975).
Additionally, local wind waves compound the pemsnttsoutherly swell. These winds are
funneled either north or south by local topography a result, the coastline is constantly
exposed to high energy swell coming from the so(ileath, 1985). Weather in
Wellington is very changeable and there are rdaelg settled periods. Windspeeds are
on average 27 km/hour, but per year there are erage 173 days recorded with wind
gusts of more than 63 km/hour and 32.5 days theé h@nd gusts greater than 96
km/hour (NZ meteorological service). Wellington sabject to Gale force (17.2 m/s)
winds 4 % of the time (Carter and Lewis, 1995) ahdse are usually oriented
northwesterly or southeasterly (Bowman et al., H)8Bidal flow is vigorous and highly
variable depending on meteorological conditionsl amrrents are sufficiently powerful
to keep sand in near constant motion (Carter andid,e1995, Heath, 1985). In a
southerly wind direction the coastal waters quidkcome rough and the residual swell
lasts several days after the winds have died dawa strong northerly, particularly when
gusty, driving a boat around the coast becomes harardous. It is a rocky shoreline
making access to dive sites difficult thereforeimtivin this area is predominantly from a
boat, although some sites were accessible fronshioee (pers. obs.). The coastline is
strongly indented and boulder lined rocky reefsjgmbseawards from headlands. The
coast is rugged and indented because it cuts athesstructural trends of an active

convergent plate boundary zone (Carter and LeWi85)L

Subtidally, this coast is a temperate reef enviremintonsisting of four major habitat
types, which are rock, boulders and cobbles, cosasd to fine pebble gravel and fine-
medium sand (Carter and Lewis, 1985). Commonlyréet areas are interspersed with
patches of sand and cobbles and are covered vathnbmacroalgae and some crustose
coralline algae. This area is used by both comrakarid recreational fishermen. Diving
and snorkeling along this coast is a common agtidepths range from 6-15 m at 100-

200 m distance from the shore, and about a kilenetfir shore, depths can reach about



44
30 m. At this depth the few small reefs that exis# devoid of macroalgae and the

substrate is predominantly sand (pers. obs.).

3.3 Methods

Refer to Chapter Two.

3.4 Results

All tests were performed on count data for seventgegecies and on size data for ten
species. In all cases significance is denoteB<41.05.

3.4.1 Kruskal-Wallis tests
Ho = There is no difference in species abundancesige) amongst sites on the south
coast.

A Kruskal-Wallis test was performed on each sperids/idually to test for differences
amongst sites on the south coast of WellingtonhBoterage abundance and size data
(where applicable) for all eleven sampling periodsye tested. Significant results are
presented in Table 3.1.

Table 3.1.Significant results (both before and after coimecfor multiple testing) from
Kruskal-Wallis tests on differences in abundanaad(aize) among sites on the south

coast of Wellington.

Species Data tested P-value
Carpophyllum maschalocarpum  count 0.004
Eckionia radiata count 0.000*
Lessonia variegata count 0.000*
Spotty count 0.034
Black foot paua count 0.000*
Black foot paua size 0.036
Yellow foot paua count 0.011
Kina size 0.073

* denotes significance after correction for mukipésting.
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For the algad:=cklonia radiata andLessonia variegata and black foot paua, there was a
significant difference in abundance among the esgkt along the south coast, across all
time periods.

3.4.2 Analysis of Variance tests
Ho = There is no difference in species abundancesige) amongst sites on the south

coast.

Following these Kruskal-Wallis tests (Table 3.1hg data were transformed as described
in the methods section, so that ANOVA tests codgérformed.

The significant results of the ANOVA tests perfodran log transformed count data are

presented in Table 3.2.

Table 3.2. Significant results (before and after correctiar fultiple testing) for
ANOVA testing for differences among sites on theitkocoast of Wellington, on lgg

transformed count data.

Species P-value

Carpophyllum maschalocarpum  0.001*

Eckionia radiata 0.000*
Lessonia variegata 0.000*
Banded Wrasse 0.048
Spotty 0.000*
Black foot paua 0.000*
Kina 0.000*
Yellow foot paua 0.012

*denotes significance after correction for multipdsting

Ecklonia radiata, Lessonia variegata and black foot paua abundances were significantly
different among sites on the south coast, as wawrstby the Kruskall-Wallis tests.
Additionally, these ANOVA results showed kina, dggotand Carpophyllum
maschal ocarpum, to have significantly different abundances amosiss.
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Table 3.3.Average abundance (pef)nt standard error at each site on the south coast,

for all the species for which ANOVA tests showeslignificant difference in abundance

among sites. Sites are arranged west to east.

Species Sinclair Red Rock Yungh The SirensPrincess Palmer  Breaker Barretts
Head Pen Bay Head Bay Reef

Ecklonia 3.96+0.621.84 +0.4 7.76+1.913.32+0.712.8 +0.96 12.92+ 1.69.2 +0.67 12 +0.9

radiata

Lessonia 3.32+0.243.12+0.272.72+ 0.272.12+ 2+0.27 0.92+0.232.84+0.2 1.12+0.2

variegata 0.196

Carpoph- 1.56+0.752.96+0.462.2+1.04 4.2 +1.04 4.28+0.432.04 +0.7 4.92+ 32+1.1

yllum 0.002

maschal o-

carpum

Black foo 0.024+ 0.027+ 0.035+ 0.0812+ 0.0778+ 0.1336+ 0.0344+ 0.167+

paua 0.012 0.006 0.009 0.03 0.02 0.034 0.01 0.03

Kina 0.0216+ 0.022+ 0.0578+ 0.0466+ 0.0336+ 0.0978+ 0.0312+ 0.1836%
0.007 0.005 0.013 0.03 0.008 0.03 0.008 0.04

Spotty 0.0092+ 0.1027+ 0.0106+ 0.0158+ 0.0176+ 0.0282+ 0.0618+ 0.0391+
0.002 0.006 0.002 0.004 0.004 0.007 0.02 0.013

Post Hoc Tukey tests (pairwise comparisons) were perforntedry to establish the

location of these differences among sites. Linggmims (Figs. 3.2.-3.7are used to

show which sites were significantly different fraach other. Sites joined by a line are

not significantly different from each other, bub#ie sites that are never grouped together

(i.e. are never joined by a line) are significamtifferent from each other.

Sites are labelled 1-8, 1 being the easternmasasit 8 being the westernmost.

1 Barretts Reef
2 Breaker Bay
3 Palmer head
4 Princess Bay
5 The Sirens
6 Yungh Pen
7 Red Rocks

8 Sinclair Head
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Fig. 3.2. Line diagram showing the location of the signifitdifferences among sites
on the Wellington south coast for abundanc€arfpophyllum maschal ocar pum.

(sites 2 and 4 are significantly different fronesi6 and 8).
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Fig. 3.3. Line diagramshowing the location of significant differences amgaites on the
Wellington south coast for abundancezoklonia radiata.
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Fig. 3.4.Line diagram showing the location of significantfeliences among sites on the

Wellington south coast for abundance_e$sonia variegata.
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significantly different from 4).
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Fig. 3.5. Line diagram showing location of significant diféeices among sites on the

Wellington south coast for spotty abundance.
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Fig. 3.6.Line diagram showing the location of significarmfferences among sites on the

Wellington south coast for black foot paua abunéanc
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Fig 3.7.Line diagram showing the location of significanffefences among sites on the

Wellington south coast for kina abundance.
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The mean counts for these species are shown beléigs. 3.8.-3.13. The categories on
the x-axis of these charts represent each surwaydpén sequential order. Error bars are

one standard error.
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Fig. 3.8.Carpophyllum maschal ocarpum abundance at all 8 sites on the south coast htseagey period.
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Fig. 3.9.Ecklonia radiata abundance at all 8 sites on the south coast htsagey period.
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Fig. 3.10.Lessonia variegata abundance at all 8 sites on the south coast htseagey period.
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Fig. 3.11.Spotty abundance at all 8 sites on the south @astch survey period.
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Fig. 3.12.Black foot paua abundance at all 8 sites on théhsmoast at each survey period.
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Fig. 3.13.Kina abundance at all 8 sites on the south cdasich survey period.
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ANOVA tests were then carried out on square roahdformed size data to test for

differences among sites. Significant results aes@nted in Table 3.4.

Table 3.4.Significant results (before and after correctionrfailtiple testing) of ANOVA
testing for differences among sites on the Welbngisouth coast on square root

transformed size data.

Species P-value

Kina 0.011

For size, kina was the only species that showemyrafisant difference in size among

sites. However, this was not significant after eotion for multiple testing.

3.4.3 Power analysis

These ANOVA results were subject to a power anslisitest whether the data collected
from this investigation would be powerful enough detect a change in species
abundance should it occur. The power analysis waoqmed using results from

ANOVA tests on logtransformed data only.

These results are presented in Table 3.5.
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Table 3.5.Power of the data collected on the Wellington saatast to detect a change in

species abundance.

Species Power Effect sizeChange in sampling effc
required to get 80% power

Carpophyllum 98% 0.6 0.33 X

maschal ocar pum

Ecklonia radiata 100% 1 N/A (software limitation)

Lessonia variegata 100% 1 N/A (software limitation)

Banded wrasse 79% 0.42 1.09 X

Blue cod 24% 0.41 3.5X

Blue moki 69% 0.45 1.25 X

Butterfish 28% 0.28 3X

Marblefish 14% 0.52 45X

Spotty 100% 0.67 0.45 X

Trevally 22% 0.48 3.3X

Red moki 39% 0.5 2 X

Tarakihi 22% 0.46 3.3X

Scarlet wrasse 26% 0.32 3.2X

Black foot paua 99% 0.63 0.6 X

Rock lobster 59% 0.63 15X

Kina 100% 0.81 0.4 X

Yellow foot paua 89% 0.49 11X

Data collected foCarpophyllum maschal ocarpum, Ecklonia radiata, Lessonia variegata,
spotty, black foot paua, kina and yellow foot paad a power of more than 80% (which
is the standard power considered suitable) to tetesignificant change in species
abundance. Banded wrasse has a power of 79% aadnalki has a power of 69%, both
of which are relatively high. Power of the data @iher species falls well below the
threshold mark of 80%.

These results can be used to determine the sangdfiong required to reach 80 % power
to detect a change in a certain species. For exafopred moki the increase in sampling
effort required is twofold. In this investigationine replicate transects were used,
therefore 9 x 2 = 18. Eighteen transects of theesaize as in this investigation, would

need to be surveyed to reach 80 % power in sampfiog.
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3.4.4 Multi Dimensional Scaling

Ho = All sites are equally similar or dissimilar tae@another.

Multidimensional scaling was used to examine retethips among all eight sites using
abundance data from all species, across all timegse The MDS procedure was then
repeated using the data from fish, invertebrate$ @gae separately to examine the

relationships among sites for each of these grongependently.

Fig. 3.14.MDS of all 8 sites on the Wellington south coashgslata from all species
across all time periods.
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Fig. 3.15.MDS using fish abundance data only from all 8ssite the Wellington south
coast (across all time periods).
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Fig. 3.16. MDS using invertebrate abundance data only frointte sites on the
Wellington south coast (across all time periods).
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Fig. 3.17.MDS using algae abundance data only from alléssin the Wellington south
coast (across all time periods).
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As can be seen from these diagrams, using the vduite of species for the MDS Fig.
(3.14.), the sites are fairly well distributed iothb dimensions and there is no immediately

obvious similarity or dissimilarity between any givpair sites.

However, when the MDS picture is split into its qunent species, there is evidence for
a west to east spread along dimension one. It & wlovious in the fish dataset where
Breaker Bay and Barretts Reef, the two eastern sitest are separated along dimension
one followed then by Palmer Head, which is the readternmost site. Barretts Reef and
Palmer Head are separated along this axis for inotrtebrates and algae also. Breaker
Bay is likewise separated for algae, however feeitebrates it is clustered with the more
western situated sites. The four western siteslastered closer together and are not as
spread out along dimension one, but all four arnidely separated from the eastern
most sites. This would indicate that dimension mEesents a geographical component,

but there is no obvious indication what dimensioa tnight represent.

3.4.5 Seasonal Variation

Ho = There is no significant difference in abundaageng time periods.
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Fig. 3.18.Actual sea surface temperatures recorded ovecdhese of this study vs the

average temperatures historically recorded.
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As explained in the methods a correlation analysss performed between log

transformed count data and sea surface tempera&uwignificant correlation was found

for ten species, so it was included in the modék Tirst model using time as a factor
was:

Time

Site

Time*Site (interaction between time and site)

Sea surface temperature (co-variate)

Using the whole model, the results for the follogvspecies were significant:
Spotty

Car pophyllum maschal ocar pum

Ecklonia radiata

Lessonia variegata

Trevally

Kina

So for these species the stepwise analysis wasrpexfl to determine which of the

factors contributed significantly to the model.
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Table 3.6.Results of 2 factor ANCOVA for spotty abundancetba Wellington south
coast indicating which factors are significant kplaining variability.

Factor P-value Significance
Time 0.334 NS

Site 0.000 Sig
Time*Site (interaction) >0.05 NS

Sea surface temperature (co-variate) 0.270 NS

Table 3.7.Results of 2 factor ANCOVA for Kina abundance & tWellington south
coast, indicating which factors are significanekplaining variability.

Factor P-value Significance
Time 0.561 NS

Site 0.000 Sig
Time*Site (interaction) >0.05 NS

Sea surface temperature (co-variate) 0.707 NS

Table 3.8.Results of 2 factor ANCOVA for Trevally abundarme the Wellington south

coast, indicating which factors are significanekplaining variability.

Factor P-value Significance
Time 0.141 NS

Site 0.231 NS
Time*Site (interaction) >0.05 NS

Sea surface temperature (co-variate) 0.719 NS
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Table 3.9.Results of 2 factor ANCOVA fokessonia variegata on the Wellington south

coast, indicating which factors are significaneikplaining variability.

Factor P-value Significance
Time 0.556 NS

Site 0.000 Sig
Time*Site (interaction) >0.05 NS

Sea surface temperature (co-variate) 0.313 NS

Table 3.10.Results of 2 factor ANCOVA foEcklonia radiata on the Wellington south

coast, indicating which factors are significanekplaining variability.

Factor P-value Significance
Time 0.606 NS

Site 0.000 Sig
Time*Site (interaction) 0.173 NS

Sea surface temperature (co-variate) >0.05 NS

Table 3.11.Results of 2 factor ANCOVA foCarpophyllum maschalocarpum on the
Wellington south coast, indicating which factors aignificant in explaining variability.

Factor P-value Significance
Time 0.116 NS

Site 0.001 Sig
Time*Site (interaction) <0.05 Sig

Sea surface temperature (co-variate) 0.037 Sig

Carpophyllum maschal ocarpum was the only species where the time-site intevacttas
significant. This implies that time and site canbetinterpreted as independent factors.
Carpophyllum maschal ocarpum was also the only species where sea surface tataper
was significant. For all species site was significaxcept Trevally. This indicates that no
seasonal variation (i.e. significant change in gseabundance over time) was detected

over the time which this data was collected.
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3.4.6 Algal damage
Ho = There is no difference in algal damage amoregsit

ANCOVA tests on algal damage were run using thiefohg model.

Site

Damage

Time

Time*Damage (interaction)

SitexDamage (interaction)

Site*Damage*Time

Sea surface temperature

The whole model was significant fessonia variegata, Car pophyllum maschal ocarpum
andEcklonia radiata.

The results were as follows.

Table 3.12.Results from a 3-factor ANCOVA fdressonia variegata on the Wellington

south coast, indicating the significance of eadhdiain the model.

Factor P-value Significance
Time 0.899 NS

Site 0.000 Sig
Damage 0.000 Sig
Time*Damage (interaction) <0.05 Sig
SitexDamage (interaction) >0.05 NS
Site*Damage*Time (interaction)  >0.05 NS

Sea surface temperature >0.05 NS
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Table 3.13.Results from a 3-factor ANCOVA fdEcklonia radiata on the Wellington
south coast, indicating the significance of eadtdiain the model.

Factor P-value Significance
Time 0.656 NS

Site 0.000 Sig
Damage 0.000 Sig
Time*Damage (interaction) >0.05 NS
SitexDamage (interaction) <0.05 Sig
Site*Damage*Time (interaction)  >0.05 NS

Sea syrface temperature >0.05 NS

Table 3.14.Results of a 3-factor ANOVA fo€arpophyllum maschalocarpum on the

Wellington south coast, indicating the significaméeach factor in the model.

Factor P-value Significance
Time 0.543 NS

Site 0.003 Sig
Damage 0.000 Sig
Time*Damage (interaction) >0.05 NS
Site*Damage (interaction) <0.05 Sig
Site*Damage*Time (interaction)  >0.05 NS

Sea surface temperature <0.05 Sig

For Lessonia variegata the time-damage interaction was found to be sicpguifi (i.e. that
the amount of types of damage was not the samiktahas) and there was a significant
difference in amounts of damage among sites. lk@two other species the damage-site
interaction was significant, indicating that theéesivas correlated to the amount of
damage found at different sites. Where the inteyadtetween two factors is significant
one cannot easily interpret the effects of eachofaalone as they are correlated in a
fashion that may not be obvious.

The algal damage for the different species at tfierdnt sites are displayed graphically

in Appendix 1.
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3.4.7 Comparison to previous data
Ho = There is no difference between the two timequksi

The comparisons between the data collected in 48871998-2000 generally showed no

significant difference. The results are presen&dw in Tables 3.15.-3.17.

Table 3.15.ANOVA results testing for differences in specidmiadance between 1997

and this investigation at Princess Bay.

Species P-value Significance
Black foot paua N/A N/A

Yellow foot paua 0.464 NS

Kina 0.075 NS

Blue moki 0.073 NS

Blue cod 0.064 NS
Butterfish N/A N/A

Table 3.16.ANOVA results testing for differences in speciesiadbance between 1997

and this investigation at the Yungh Pen.

Species P-Value Significance

Black foot paua 0.179 NS
Yellow foot paua  0.407 NS

Kina 0.964 NS
Blue moki 0.025 Sig
Blue cod 0.031 Sig

Butterfish 0.118 NS
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Table 3.17.ANOVA results testing for differences in specidmiadance between 1997
and this investigation at the Sirens.

Species P-value Significance
Black foot paua N/A N/A

Yellow foot paua  N/A N/A

Kina N/A N/A

Blue moki 0.023 NS

Blue cod 0.094 NS
Butterfish 0.023 NS

When size data were tested, all results were rgmfisiant.
These results show that there has been no sigmifefaange in species abundance (for

most of those species tested) at the sites exansimeg 1997 and during the present

investigation.

3.4.8 Algal percent cover

The breakdown of algal percent cover for each @itehe south coast is given in tables
3.18.-3.25.

Table 3.18.Percent cover of algal species at Breaker Bay.

Algal species Percent cover

Carpophyllum maschalocarpum  30.5

Ecklonia radiata 30
Bare rock 29.7
Lessonia variegata 9.38

Macrocystis pyrifera 0.83




Table 3.19.Percent cover of algal species at Barretts Reef.

Algal species

Percent cover

Ecklonia radiata

Lessonia variegata

Car pophyllum maschal ocar pum

Landsbergia quercifolia
Bare rock

Marginariella urvilliana

40.11
31.22
10.83
7.61
7.61
2.5

Table 3.20.Percent cover of algal species at Palmer Head.

Algal species

Percent cover

Ecklonia radiata

Bare rock

69.5
19

Carpophyllum maschalocarpum  7.67

Lessonia variegata

Landsbergia quercifolia

1.94
1.89

Table 3.21.Percent cover of algal species at Princess Bay.

Algal species

Percent cover

Bare rock

26.11

Carpophyllum maschalocarpum  19.83

Lessonia variegata
Carpophyllum flexuosum
Cystophora retroflexa
Caulerpa brownii

Eckloniaradiata

18
13.56
12.83
8.17
15
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Table 3.22.Percent cover of algal species at The Sirens.

Algal species

Percent cover

Bare rock/cobble

Lessonia variegata

Car pophyllum maschal ocar pum

Eckionia radiata
Caulerpa brownii
Other

Cystophora retroflexa

24.22
22.89
21
14.67
11.67

4.17
2.22

Table 3.23.Percent cover of algal species at the Yungh Pen.

Algal species

Percent cover

Carpophyllum flexuosum
Bare rock

Lessonia variegata
Caulerpa brownii
Ecklonia radiata
Cystophora retroflexa
Other

34.72
25
13.78
9.22
8.78
5.83
1.55

Carpophyllum maschalocarpum  1.22

Table 3.24.Percent cover of algal species at Red Rocks.

Algal species

Percent cover

Lessonia variegata

Bare rock

29.22
18.11

Carpophyllum maschalocarpum 7

Carpophyllum flexuosum
Marginariella urvilliana
Caulerpa brownii

Ecklonia radiata

6.61
6.61
1.67
0.44
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Table 3.25.Percent cover of algal species at Sinclair Head.

Algal species Percent cover
Lessonia variegata 53.89

Bare rock 21.33
Ecklonia radiata 10.06
Marginariella urvilliana 5.22
Landsbergia quercifolia 2.39
Carpophyllum flexuosum 2.22

Caulerpa brownii 1.72

Carpophyllum maschalocarpum  1.56

In general the most common algal species presetiitea8 sites on the south coast are
Lessonia variegata, Carpophyllum maschalopcarpum, C. Flexuosum and Eckionia

radiata. Breaker Bay was the only site whédacrocystis pyrifera was recorded.

3.5 Discussion

3.5.1 Site Similarity

Both the Kruskal-Wallis and ANOVA tests on the d&tam the present investigation
showed thatcklonia radiata, Lessonia variegata and black foot paua abundance was
significantly different among sites. Additionalljpeé ANOVA tests forCarpophyllum
maschal ocarpum, kina and spotty abundance also showed signifiddigrences between
sites.Post Hoc pairwise comparisons showed that the sites thaifsiantly differed from
each other were often sites that were spatially separated. Usually Breaker Bay and
Barretts Reef were clustered together and werdfisigntly different from another site
cluster that often included Sinclair Head. Thistgrat was not perfect as an eastern site
would often be grouped together with a westera. dit general, however, the more
western sites tended to be grouped together arsk thveuld be significantly different

from one or all of the eastern sites.

A similar trend was shown in the MDS diagrams. Wites whole suite of species (all
fish, invertebrates and algae) was included, thesswere all equally similar (or
dissimilar), but the MDS diagrams using only fisiigae or invertebrates all showed a
more pronounced clustering of sites in dimensian@ a separation of the eastern from

the western sites. Specifically, Breaker Bay and @& Reef were well separated from
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the other sites, and although the pattern was adeg, the next sites to be separated

were generally the next most eastern located cues, as Palmer Head and Princess Bay.

These results suggest the existence of a commsinitgture gradient from east to west.
Table 3.3 shows mean abundances for those speciegich statistical tests showed a
significant difference among sites. The resultshis table also indicate an east to west
pattern as the species abundance in the more lgdstated sites is often greater than the
more westerly located sites. Although the sitestlimn MDS diagram were distinctly
separated along dimension one, the sites were waly clustered together along
dimension two. There is a possibility that thistetms west gradient is related to the
nutrient levels along the coastline. A current gtatithe Island Bay Marine Laboratory is
examining whether nutrient depletion is the causkaak of mussels on the Wellington
south coast (J. Helson, pers. comm.). This study diown that chlorophyll content,
particulate and percent organic matter are highenarbour sites than coastal sites (J.
Helson, pers.comm.). Therefore, the eastern gitékea present study which are located
closer to the harbour entrance are likely to hagldr nutrient levels than the rest of the
south coast. Moa Point, a site of a sewer outi®lglso likely to be an area containing
high nutrient levels, as is common in areas oliefit discharge (Stephen and Fitzmaurice
Consulting Civil and Sanitary Engineers, 1976). Bwam et al., 1983b stated that the seas
in Cook Strait are strongly influenced by both wantt tides and therefore it is an area of
mixing for waters of both subtropical and subartarorigins. Under increasing wind
stress, prevailing patterns are easily upset aopesturrents develop that eject warm
nutrient depleted subtropical waters into the swféayers of Cook Strait. This could
indicate that as one moves further west of the dwarlentrance, the waters become less

nutrient rich.

Tidal flows also decrease erratically eastwardsi@lthe Wellington south coast away
from the notorious Terawhiti Rip of Cook Strait Kaws (i.e. tides become progressively
stronger to the west) (Carter and Lewis, 1995).@Heabitat characteristics indicate that
the east to west gradient observed during the ptetady, may contain a geographical
component. Cotsilinis (1999) found evidence for i@egsity gradient in intertidal
organisms, increasing from west to east along tledivgton south coast. He suggested
that the larvae and/or spores of certain speciesiaable to reach certain sites to settle
and recruit due to the westward flow of the pramgilcurrents. He also suggested that
wave exposure could be a factor affecting intertadenmunity diversity. Since the south
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coast is generally characterised by exposure taleyeganisms, as exposure decreases,

these species may be less abundant, but may lzeeedby another suite of species.

Particular species of macroalgae are good indisatbenvironmental variables and can
be used to distinguish differences in community position for the sites in the present
study. For example, when sites were examined iddally, Breaker Bay was the only
site whereMacrocystis pyrifera was recorded regularly during this investigatiomisT
alga is very common in the harbour, yet apart fritis one site was not recorded
anywhere on the south coaltacrocystis pyrifera is known to occur in calmer bays and
harbours (Adams, 1994). Breaker Bay is a relatigbiglitered site compared to the other
sites as it is located in a large bay. It is lodatery close to the harbour entrance. Thus it
is possible that this site is more similar to tlebour habitat in terms of wave exposure
and nutrient levels than other sites on the sootst; and was therefore shown to be

significantly different from the other sites.

Barretts Reef is an exposed site as it is an ofésheef, but it is directly in line with the

harbour entrance. Therefore it is possible that ¢ite is an anomaly (i.e. it is an exposed
site but probably still receives relatively hightment levels). Most exposed sites on the
south coast are located far away from the harbotraece and therefore are unlikely to
have high nutrient levels. Anecdotally, it has beeported that a higher diversity and
abundance of fish are seen here compared to offe&s eaon the south coast (R.
Williamson pers. comm.). Of the species that wegaiicantly different in abundance

amongst sites, Barretts Reef supported the highestage number of black foot paua,

kina and spotty.

Sinclair Head is the westernmost site surveyedhis investigation. This site is very

exposed and subject to strong currents and a tatgleamplitude. Compared to the other
sites, it is located furthest away from the harbentrance. Therefore it is unlikely that

much of the harbour water mass reaches this site.t® this harsh environment, the site
might support a different suite of species compacethe two sites mentioned above.
Conversely to Barretts Reef, of the species thaewggnificantly different in abundance

among sites, Sinclair Head had the lowest mean sumbblack foot paua, kina and

spotty. These three sites are at the extreme dritie coastline surveyed and with these
distinct differences in habitat characteristicsyids to be expected that the biological
communities were found to be significantly differém other sites.
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When the percent algal cover at the various sitas examined, it was evident that
Lessonia variegata was the dominant alga found at both Sinclair Haead Red Rocks,
which are the two westernmost and therefore mopbsed sites investigated in the
present study. This alga is described by Adams4J1%8 a plant of exposed coasts. It
was also the dominant species at The Sirens, wikidhe fourth most western site.
Although it was not dominant at the Yungh Pen (thed most western site) this was not
entirely unexpected as parts of the Yungh Penasieslightly protected by an offshore
reef. Ecklonia radiata was present at all sites as its habitat range lisidal on both
moderately sheltered and exposed coasts in Newa@@alAdams, 1994). Similarly,
Carpophyllum maschalocarpum andC. flexuosum, which are also abundant on this coast,
have a habitat range from very sheltered to veposed coasts (Adams, 1994). Thus it
was highly probable that these species would bed@i most sites on the south coast of

Wellington.

Jennings et al. (1996) stated that fish distrimgigary with respect to local topography,
current flow and exposure, algal cover and othebitht variables. Therefore, the
understanding of habitat effects on fish distribatcan explain unusual or unexpected
variance in fish distribution in studies that seek determine the effects (such as
reservation) of other processes on fish distrilbutiBor example Rakitin and Kramer
(1996) found a gradient of decreasing fish catdh vath increasing distance from the
centre of the Barbados marine reserve. They hypibe that this was due to net
movement of fish from the reserve to fished areatside the reserve. However,
Chapman and Kramer (1999) stated that Rakitin araaniér (1996) did not examine the
effects of habitat variables on fish density orcbatate. The observed spatial gradient
may therefore have been due to spatial gradientsctors that affect density and catch
rate such as habitat characteristics like thosetioread previously. Good temporal and
spatial data collected before reservation wouldhielate speculation as to whether a
gradient such as the one found by Rakitin and Krafh@96) was due to a reservation
effect, or due to habitat variables affecting tlaunal distribution of fish populations,
thus highlighting the importance of baseline stadie

There are important implications for marine resemenitoring with respect to the
presence of such a gradient and distinctive diffees amongst sites. Should a reserve be
established on the south coast of Wellington anditoong is aimed at detecting changes
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due to a reserve, these intrinsic differences megsaken into account and where possible
guantified. Ideally the control sites should beseldo the reserve sites monitored on an
east/west scale, so that a potential gradient doesonfound the results found at a later
date when sites are compared. Even if there iskadaa significant difference in habitat
characteristics between reserve and control sitelknes not rule out the possibility that
differences in fish (or other species) density atiibutable to variations in habitat
characteristics (Chapman and Kramer, 1999). EdgairBarret (1999) stated that habitat
variability was one of the major sources of biastheir visual censuses. Detailed
investigations should be carried out on the refetiops between key species and
environmental characteristics. This would helptplain the presence of certain species
at certain areas and their absence at others,atiniding attributing any natural spatial
variations to reservation status. For instance,ratationship between an organism and a
variable habitat characteristic such as sea surfaegerature could explain seasonal
changes in species abundance. This potential miaed variation in populations is
another factor that should be quantified before itoang of a reserve commences. This

is examined further in section 3.5.3.

3.5.2 Power Analysis

The power analysis showed that the sampling ef@ortmany of the species surveyed in
this investigation had a low power to detect anyre change in abundance (i.e. would
be unlikely to detect a change even if it did ogclihe sampling effort for three species
of brown macroalgaeQarpophyllum maschalocarpum, Ecklonia radiata and Lessonia
variegata) had a very high power to detect change. From &ststal perspective, these
species would therefore be good indicators of almgnge. However, high statistical
power to detect change should not be the only reasomonitor these key species.
Species subject to much fishing pressure are mkedylto show rapid responses to
reservation as a major factor (i.e. fishing) affegtpopulation densities has been
removed. Thus, species monitored should be thadeatle expected to benefit the most
from reservation. Since algal species are not gdlgesubject to any major form of
harvesting, the rationale for monitoring these as detect indirect changes due to
reservation such as a change in community struclure best known example of this in
New Zealand is in the Cape Rodney-Okakari Point iharReserve, where the
regeneration of kelp forests has been observedientie reserve, due to increased
predation on kina by snapper and rock lobster (€had Schiel, 1982, Babcock et al.,
1999, Shears and Babcock, 2000). A similar occwrdras been documented in a marine
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reserve that protects coral reefs, the Mombasa ndafilational Park in Kenya.
McClanahan (1994) found that the density of sedinscwas many times higher in areas
of high fishing pressure than inside the reservee &uthor concluded that this was
because fishing removed some of the key predatorsea urchins, such as triggerfish.
Due to this high grazing intensity of sea urchindishing areas, the reefs were being
eroded and coral cover reduced. The degradatiotheofcoral reefs and high urchin
numbers that could out-compete fish herbivores,nindaat these reefs were supporting
fewer fish than healthy ones (McClanahan, 1994ptAer example is the marine reserve
at Maria Island in Tasmania, which showed a progedrshift in the algal community
(Edgar and Barrett, 1999). Edgar and Barrett (1988nd that the percent cover of
Sargassum fallax and Cystophora retroflexa decreased inside reserve areas,
corresponding to an increase in percent covelEakfonia radiata in respect to control
sites. This type of shift may well be expectedhe south coast marine reserve if it is

established.

From personal observations there seemed to be@oredhip between the abundance of
Ecklonia radiata and Carpophyllum flexuosum at some sites. It was observed that
whenever the abundance Edklonia radiata decreased, the abundanceCaf pophyllum

flexuosum increasedSinceCar pophyllum flexuosum was not monitored from the start of
this investigation, it was not added to the suftsmecies investigated, as it would have
had to be left out of the analysis in most cases wua lack of data. Therefore the
relationship between these two species could notebed as no empirical data was
collected. Future monitoring should include thie@ps, as a change in algal community
structure seems likely to include a relationshiptwieen Ecklonia radiata and

Carpophyllum flexuosum.

Based on the intensity of sampling adopted durrggdresent study, kina and any paua
species would also make good indicators of changehigh power to detect change).
Additionally, these species are relatively sessdethe results would not be confounded
by their movement between sites or across resesuadaries. According to Edgar and
Barrett (1999) the effectiveness of a marine reseepends on the mobility of the target
species, so that relatively sessile species likedoale (paua) are the most likely to be
protected in a small reserve. Edgar and Barre@q)L8lso found that increasing numbers
of large abalone within the reserve, correspondéd decreasing numbers of smaller
individuals. Thus one could expect that paua washdw a detectable response to
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reservation status, even if the established resergenall compared to other reserves in
New Zealand. Urchin (kina) barrens were a commatufe of the Cape Rodney-Okakari
Point Marine Reserve, where, as mentioned prewowasl increase in algal cover was
seen in the reserve, which was attributed to deeceaumbers of kina (Choat and Schiel,
1982, Babcock et al., 1999). Urchin barrens areanmdmmon feature of the south coast,
as there are few echinoids present. Although iatiradly sheltered areas these echinoids
may actively forage and clear large areas of maogs algae, in turbulent areas such as
the south coast, they are sedentary, feeding in leealised areas and on drift material
(Choat and Schiel,1982). Effects that marine resestablishment would have on kina
numbers on the south coast are likely be very diffefrom the Cape Rodney-Okakari
Point Marine Reserve. Edgar and Barrett (1997) dothrat abundance of sea urchins
increased inside the Maria Island Marine ReservEasmania. The current investigation
showed the abundance of kina in the Kapiti Marinesé®ve to have increased (see
chapter 4). This is the type of change | would expethe Taputeranga Marine Reserve,

so continued monitoring of kina is recommended.

A large increase in sampling effort of rock lobsgeneeded to reach a sufficient level of
power. Since rock lobster are a commercially imgrairspecies, it is recommended that a
new monitoring methodology be adopted for rock telhsor an increase in the sampling
effort be implemented. Anecdotally, fishermen agckeational SCUBA divers report that
greater numbers of rock lobsters are found at degtbater than those sampled in this
study. However, it was impracticable to survey éhespths (25-30m) due to limited time
available during SCUBA based surveys. It has aksenbshown that rock lobster show
seasonal depth changes (MacDiarmid,1991). To ohtaine powerful data on rock
lobster abundance this species should be sampledariety of depths. Size data should
also be collected as rock lobster have been knawshow a marked increase in size
within a reserve, notably the Cape Rodney-OkakamtPMarine Reserve (MacDiarmid
and Breen, 1992). Edgar and Barrett (1999) condublat rock lobsters must be very site
attached as they grew to a large size even in tivthe smaller marine reserves in
Tasmania that were investigated. Data obtained frthrar reserves in New Zealand have
also shown an increase in rock lobster size andiddnce though not quite as marked
(see chapter 5). This suggests that increasesknlobster size are to be expected in the

marine reserve on the south coast if it is esthbtls
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The sampling regime employed in the present ingastin for many of the reef fish
species, did not show a high power to detect cha@géy the data collected for spotty
and banded wrasse showed a high enough power itp @akect change. These species,
however, are not subject to fishing pressure, soualtikely to show a change directly
related to the implementation of a reserve. It widogé more sensible to use blue moki as
an indicator species. Blue moki are widespreadraladively abundant on the Wellington
south coast and are also commercially and recredhjofished. Blue moki is therefore
likely to show a change in size and/or abundanter &ithing restrictions are enforced.
The power analysis showed that the sampling eifficthis investigation had a 69% power
to detect a change, which was considerably highan tany of the other commercial
species surveyed. If reservation does result ireasing species abundance in commonly
fished species, the power of the data for theseispavould be expected to increase
without any increase in sampling effort. While perfing visual fish censuses, it is
possible to monitor all species of fish seen. Tiogeethis is a cost effective, and simple,
way to gather data for multiple species, even ifaie species such as snhapper, can be
more accurately surveyed by other methods (Wilid Babcock, 1997). Russ and Alcala
(1996) found that the density of large predatoef fesh acted as excellent indicators of
the effect of marine reserve protection at twoed#ht marine reserves in the Phillipines.
Snapper and blue cod have been known to show pnaeduresponses to the effects of
marine reserve protection at different marine nesein New Zealand (Babcock et al.,
1999, Davidson, 1997). Thus several fish speciesligely to be good indicators of
change in the Taputeranga Marine Reserve sholble @stablished. If all species of fish
in this area are monitored, this will become evidmrer time.

3.5.3. Seasonal variation

In order to quantify interannual variation in pogibns before reservation status, species
data was tested for seasonal variation. Howeveratfalysis testing for seasonal variation
showed no significant differences, in abundancgpeties, between the arbitrary seasonal
classes. ANCOVA tests on data fd@arpophyllum maschalocarpum showed the
interaction between site and season to be signifiGince the interaction is significant,
one cannot isolate the effect that either site easen individually, is having on the
abundance of this species. The co-variate, seacgutémperature was also found to be a
significant factor in explaining the variation ibundance of this species amongst sites. If
the abundance dfarpophyllum maschalocarpum (Fig. 3.2.) is compared to (Fig. 3.18.)
which shows sea surface temperatures, the pealGanpophyllum maschalocarpum
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abundance seem to coincide with the peaks in teatyrer, suggesting that abundance of
this species increases with increased water temyperaCotsilinis (1999) found that an
alga previously identified as a seasonal alarghyra columbina) maintained its
biomass year round at sites on the south coastedlington. This implies that species
known to show seasonal variation, might not shoghglistinct seasonal patterns in other
locations, where it may be affected by other sgepi@sent or habitat characteristics of
the area. For example, it is known that algal comities may show rapid temporal
changes, but this is often only in areas of highiremd activity (Choat and Schiel, 1982),
therefore indicating that change in algal commaesitis affected by the presence of

herbivores.

It was surprising that no other species showedcatitins of a seasonal trend as some
species are known to display seasonal changesexXaonple, rock lobster show marked
changes in depth distribution relating to moultingproductive and feeding cycles
(MacDiarmid, 1991). In South Africa, Buxton and 3en&1989), foundChrysoblephus
laticeps (a sparid reef fish), one of the important fisheghie recreational and commercial
fishery, showed seasonal differences in abund&@e&asonal changes in the abundarice
Penicipelta vittiger (leatherjacket), Heliocidaris erythrogramma (sea urchin) and
particularly Notolabrus tetricus (wrasse) were found by Edgar and Barrett (199Ggrd
could be a number of reasons why no seasonal iariatas found during the present
study. For example, Edgar and Barrett (1997) sugdebat reduced species humbers at
certain times of year could be due to emigratiommagratory species. Lower visibility
during the colder months may influence the datdectdd during visual census of fish
species. On the Wellington south coast, there atenmany migratory species and
underwater visibility is rarely good, even duringrsner. Seasonal effects may be small
and the power of the data may not be enough tactgends that may exist. Davidson et
al. (in submission) counted, sized and measurestéobover a period of 24 months in the
Tonga Island Marine Reserve and control sites. @bthors did not document any
obvious seasonal changes in abundance, even thocigtobsters have been documented
to show seasonal changes as previously mentionedMrmid, 1991). The authors,
however, did observe a change in behaviour. Irstimemer months lobsters were often in
the entrances to holes or completely outside tHesh@ompared to other times of year
when they were most often well hidden. This indésathat identical species may have
different behavioural patterns at varying locatioasd may not always show seasonal
trends. In the case of rock lobster on the soutistcano size data was collected and
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abundance data was collected only at one depttusstrdherefore any seasonal changes
are unlikely to have been identified in the analy3iherefore more detailed monitoring of
rock lobster should be undertaken, inluding coitecof size and sex data and sampling

at different depth strata where possible.

During the course of this survey, weather pattesagh as dominant wind directions,
wind speeds and temperatures were not necesdagilsetorded average normal (as can
be seen in Fig. 3.18.Jhe yearl998 was an El Nino period and 1999 was a La Ne&,y
and these abnormal weather patterns may affect speies distribution (Tegner and
Dayton, 1987, Warwick et al1990).The time period for data collection in this studgsw;
probably too short to run a meaningful time seaealysis (Edith Hodgen, pers. comm.).
Collection of data over a much longer time spancdédes), as part of a monitoring
protocol, would allow more robust time series asalyests to be performed, which may
be able to detect other longer term natural vamationger term natural cycles have been
found in some species such as rock lobster, whaiability in natural recruitment cycles
are not evident over the course of years, but aergdohn Booth, pers. comm.).
However, it is unlikely that an area would be moret repetitively throughout the year
for this type of timeframe, due to financial, pigl#li and logistical reasons. Annual
monitoring over a period of many years may be ehdagrovide some general trends.

3.5.4 Algal damage
For Lessonia variegata the time/damage interaction was significant in laxpng

variation between sites. As the interaction betwt#wse two factors was found to be
significant, the effect of time or damage alondlificult to interpret. Looking at the
figures of the algal damage (Appendix 1) data ssiggkthat Princess Bay was the site
with the most_essonia variegata damage, however most of this damage was found in a
single survey period. Breaker Bay was the only gitg showed stipe damage but also,
the alga was not present in each survey. The dcibes showed a small amount of

damage, but there was no discernible pattern.

Ecklonia radiata and Carpophyllum maschalocarpum showed no significant difference
for the time/damage interaction, but they did shawsignificant difference for the
site/damage interaction. A significant differencethe amount of damage at different
sites could well be attributed to the different@ps abundance at these sites, if in fact
this damage is due to herbivore grazing. This dicated by Babcock and Cole (1993)
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who noted grazing of kina oficklonia radiata and made the observation that butterfish
are dependant oBcklonia radiata as food. However, the damage observed may not be
due to herbivore grazing, but a fungal infectionaljBock and Cole., 1993) or an
amphipod that lives inside thiecklonia radiata stipes and damages the plant in the
process (Haggitt, 1999). However, on examinatiorihef figures, there is little overall
damage evident in any of these species, so thesksare probably not indicative of any
meaningful patterns in species interactions ormaafrrocesses affecting these algae.

3.5.5 Comparison to previous data
There were no significant differences in speciege €ind abundance between the two

different sampling periods (i.e. the survey carrmoed by the team of UK navy divers in
1997 and the present investigation which surveyeah f1998-2000). This is as expected,
since reservation had not been achieved in theinmteetween the two surveys. It also
indicates that no significant changes occurred eetwthe two studies, that might have
been due to natural or seasonal variation. Thigsisexpected because when seasonal

variation was tested for, no significant differeseeere found.

3.5.6 General discussion

A statement by Crowder et al. (2000) summarizes wisyudy such as this, that gathers
information on the biota before reservation is imé@ot: “it is incorrect to attribute
changes in fish production to a reserve effecbiflata were gathered before the reserve
was established.” Chapman and Kramer (1999), EalgdrBarrett (1999), Conover et al.
(2000) and Dayton et al. (2000) all concur. Thiswainforced during the present study
as significant differences among sites on the sooétst of Wellington were recorded and
results showed evidence of an environmental gradiks has been shown by many
studies, reservation can achieve more than inallegsecies size and abundance. Shifts in
community structure (Babcock et al., 1999), diffexes in percent cover of algae (Shears
and Babcock, 2000) and changes in fish behavioawifl3on, in submission) are very
difficult to quantify, let alone without informatioon their status before reservation. Even
though control sites may help alleviate this probl@o reference sites are true controls,
as physical conditions will always differ betweegcle reference site and all impacted
sites due to environmental variability (Edgar andrrBtt, 1997). If the Taputeranga
Marine Reserve had been established and then memhiteithout the data from this
investigation, differences in sites such as Palhead (which would be a control site)
and The Sirens (which would be a reserve site)dceakily erroneously be attributed to



81
reservation, whereas we now know that there aren&it pre-reserve differences.
Therefore, magnitude of difference, or change twvee within the same site, would be a

better indication of change due to reservatiorustat

Habitat heterogeneity is often ignored when marégserves are established. For example,
viewing all habitat as equally important to fishaiggross oversimplification (Crowder et
al., 2000). But since establishment of reserveis igractice, often a compromise between
political, scientific and community groups, thisne doubt partially the reason reserves
are established in less than ideal areas. The #rabsventually become reserves may not
be ideal in terms of their unique biota or habitat lack thereof), their value as
aggregation grounds for species (or lack thereoi) terms of accessibility. For example
also, the theory of sources and sinks holds thexetlare areas of high productivity and
larval export because the density of larvae ortafikH, is so high that it cannot support
the population (i.e. birth rates are greater theatld rates and emigration is greater than
immigration). These are known as “sources”. “Sin@g2 areas of high immigration that
accept these larval imports and provide a placgette and recruit (i.e. death rates are
greater than birth rates and immigration is gretitean emigration). The theory states that
“sources” would be ideal candidates for marine me=® as these areas which are then
protected will lead to a large amount of “spillovéo adjacent areas (Crowder et al.,
2000). Unfortunately it is often sinks that areeoffd as reserves as the compromise,
because these areas have lack of opposition freiners (Dayton et al., 2000). At least
detailed knowledge of the area and understandingthef natural processes, the
relationships between species and their seasonsments and natural aggregations will
enable effective management of the fish habitatefBen et al., 2000) and identification

of effects occurring due to protection.

Inevitably, the baseline dataset collected durimg present investigation missed some
survey periods due to inclement weather, lack oefqanel or equipment which prevented
sampling. Even under these constraints, however,stady has provided an overall
picture of the most common species on the soutbtct@eir locations and distributions
over a three year period. From published data, estioned previously, which cites
examples of increases in fish and invertebrate armk abundance in many temperate
marine reserves, it is therefore expected thatlainninpacts will become evident after
implementation of the reserve on the south coa$Velfington. Increases in species size

and abundance, particularly in paua, rock lobstet garticular fish species, especially
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those targeted by fishermen (e.g. blue moki, biigteland tarakihi) should occur in the
reserve sites. There may be a change in percealt @ger, or a change in a dominant
species as a secondary effect to reservation. phenomonen may be seen as a
relationship betweenEcklonia radiata and Carpophyllum flexuosum based on
observations made during the present study. Howdvesr difficult to predict the exact
nature of these changes, as it has been foundmathy reserves, that the outcome of
reservation is often different from expected (Joeesl., 1992). Roberts and Hawkins
(2000) stated that well protetected reserves caexpected to begin to supply fisheries
within five years of creation, and that benefite Bkely to keep increasing for up to 10-
20 years. However, they also stated that populatioreases among exploited species
within a year or two. Based on this past experidnom the literature, provided there is
adequate policing against poaching, changes incpkat species size and abundances in
the Taputeranga Marine Reserve, should start torbecevident within 1-2 years after
establishment. Any community changes may take énattder of decades and represent
flow on effects from changes at a species level.

The baseline data gathered in the present studghwihcludes a list of many of the
species occurring in this area, a description otgm algal cover as well as describing
the existence of a natural gradient provides tlealidataset for establishing change due
to reservation. Long term monitoring over a peraddyears has reduced the possibility
that natural seasonal variation will be interpredsda reserve effect. Based on the power
analysis, the monitoring protocol used in the prestudy is, in most cases, powerful
enough to detect any changes that may occur.

The area surveyed includes both control and futeserve sites. With all these criteria
(long term monitoring, description of the habitatiadetailed data on the current state of
species assemblages) filled the present invesiiggtiovides the “before” part of a true
BACI survey. Marine reserve studies often citecexamples of reservation (Cole et al.,
1990, MacDiarmid and Breen, 1992, Russ and Ald#886, Edgar and Barrett, 1999) did
not have the advantage of a description of theabhatfore reservation, therefore basing
their conclusions purely on reserve vs control cangoens, or sometimes comparisons
between surveys conducted at different times afteerve establishment. Jones et al.
(1992) cited examples from more than 14 studiesheneffects of marine reserves and
only one of these studies indicated the availahdftdata collected before protection, and
this was only from one site. To my knowledge, oohe study in New Zealand exists
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(Davidson and Chadderton, 1994) that tested diffe¥e amongst potential marine
reserve sites before establishment of a marinerveséiowever, this was based on
macroalgae and herbivore composition only, and sisted were not contiguous along

the whole coastline.

3.5.7 Summary and Future Recommendations
In summary, there are significant differences ansortige sites examined on the south

coast in terms of species abundances. There iemsedfor an east to west gradient. The
initial data collected in this study will allow ssdquent studies to “control” for this

natural spatial variability.

Following methodology used in this investigationtuife monitoring on the south coast
should include the key species paua, kina, roblstr, blue mokiEckionia radiata,
Lessonia variegata, and additionallyCarpophyllum flexuosum (which was not monitored
in the present investigation) should be monitor@dta collected using this sampling
regime will have a high enough power to detect angle should it occur. More detailed
monitoring of rock lobster is recommended (i.e.hgaihg size data and sampling at
different depth ranges to account for potentiakeaal movements (MacDiarmid, 1991)).
Species interactions and associations of speciés edrtain habitat types should be

examined in detail to increase understanding afrahprocesses.

The data collected during this study did not detedlistinct seasonal variation despite
frequent monitoring over the course of three ye@ings indicates that species in this area
do not necessarily show seasonal changes. Theaepisssibility, however, that these
results may be confounded by abnormal weatherrpati#due to the fact that this study
was carried out during an ENSO (El Nino Southernilagion) event. These phenomena
are known to affect marine communities by disruptinormal recruitment and
reproductive patterns (Tegner and Dayton, 1987isdl et al., 1998). If data were
collected over a much longer time span, more robst series analysis tests could be
performed which may be able to detect other lomgen natural variation. This suggests
the need for long term, regular monitoring of cabateas, especially those that are being

examined for change.
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CHAPTER 4 — KAPITI MARINE RESERVE

4.1 Introduction

Kapiti marine reserve was gazetted in April 1998 éormalised in May 1992. A survey
of the marine habitats and communities of Kapitarid was carried out by NIWA

(National Institute of water and Atmospheric resbarin January 1992 to establish a
qualitative and quantitative database to enableectien of any changes in these
communities after reservation status (Battershithle 1993). This was a one-off survey

only.

Long term monitoring is important to account foryanaturally occurring seasonal
variation. Short, one-off surveys may come to cosions that are incorrect because the
variation of natural populations in time is greaéasonal patterns have a great influence
on assemblages of organisms and over longer tiaessthere can be ‘pulse’ or ‘press’
responses. Therefore replication in time, oftenr aziods of greater than one year, is
crucial (Kingsford and Battershill, 1998).

Thus, the current investigation monitored the nesend control areas over a period of
three years. This lengthy sampling period has abtbwhe build up of an extensive
database. This will provide a further comparisandata collected in the future. The sites
monitored in this investigation were some of siisgd by Battershill et al. (1993), to
enable comparison to the 1992 data.

This study aims to detect any changes that may bawerred over the period of time
sampled, establish whether there are any obvioasosal variations and to determine
whether any significant changes have occurred siheeestablishment of the reserve
based on the data collected in 1992 (Battershidll.et1993). An appropriate monitoring
regime will also be established based on the aisalys the data collected in this

investigation.

4.2 Study Area

Kapiti Marine Reserve is based around Kapiti Islatapiti Island is located off the west
coast of the North Island, New Zealand. It is agpmately 50 km north of Wellington
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and is 5 km offshore. Kapiti is a convergence zfumehe cold, clear Southland current
and the warm, turbid and saltier d’Urville curreBepending on the state of the tides,
these two currents alternately dominate each othas, resulting in a zone of overlap in
marine plant and animal communities generally tbum colder or warmer waters

respectively. The Kapiti Marine Reserve providdska between the Kapiti Island Nature

Reserve and the Waikanae Estuary Scientific Resenvéhe adjacent mainland shore
(DOC publication, April 2000).

The reserve is divided into two parts. The largstion of the reserve is on the eastern
side of the island and extends all the way to thentand. It is 17.5 kincreating a
triangle between Honeymoon Bay to Waterfall Bapuad Passage Rocks and meeting
at the Waikanae River on the mainland. The westeation of the reserve is smaller and
does not reach as far offshore. It covers an ar8addnt from a northern point between
Tokahaki Point and Arapawaiti Point, to Trip Pamthe south. This section extends 750
m out from shore. (see Fig. 4.1.). The eastern gidhe reserve is mainly soft sediment
and sandy bottom, whereas the western side is yreisllow broken reef habitat covered
with brown macroalgae and red corraline algae @sgitill et al., 1993, pers. obs.). The
surveys in this investigation were carried out oimythe western reserve side of the
island, with appropriate control sites, as the aas to concentrate on examining reef
habitats.

The waters on the eastern side of the island atg heltered as they are in the lee of the
island and between the island and the mainlandwidstern side is more exposed to high
seas and strong winds. Any sort of westerly orheaty wind renders the western waters
rough and often not diveable. Kapiti Island is gabjto swell from the south and south-
west, which is the predominant wind direction argl therefore a high energy

environment. It is also exposed to locally generatastwards and northwards directed

storm waves (Heath, 1985).

Visibility in the waters surrounding the island che greatly affected by the nearby
Waikanae river. After periods of heavy rain, waterm the river containing a large
amount of suspended sediment, runs into the wagssmsurrounding the island. This
suspended sediment decreases visibility consideradhdering it as low as one metre.
The sediment then settles on the macroalgae ar@UBA diver might easily stir it up
decreasing the visibility even as much as a wekk #fe rains (pers. obs.).
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4.3 Methods

Refer to Chapter Two

4.4 Results

All tests were performed on count data for sixtepacies and size data for nine species

as marked on Table 2.4., Chapter 2.

4.4.1 Kruskal-Wallis tests

Ho = There is no difference in species abundanceiga) among sites at Kapiti Marine
Reserve.

Ho= There is no difference in species abundanceita) $etween reserve and control
sites at Kapiti Marine Reserve.

A Kruskal-Walllis test was performed on each spemidg/idually to test for differences
amongst the sites surveyed at Kapiti Marine ResdBo¢gh average abundance and size
data (where applicable) were tested. The tests alsp performed by pooling data from
the 2 reserve and the 2 control sites, to tessifprificant differences between reserve and

control areas. Significant results are presentédalries 4.1 and 4.2.
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Table 4.1. Significant Kruskall-Wallis test results (beforenda after correction for
multiple testing) after testing for differencessipecies abundance and size among sites at

Kapiti Marine Reserve.

Species Data testedP-value
Eckloniaradiata count 0.000*
Banded wrasse count 0.000*
Blue cod count 0.000*
Butterfish count 0.008
Butterfish size 0.012
Scarlet wrasse count 0.002*
Spotty count 0.007
Black foot paua  count 0.014
Kina count 0.000*
Kina size 0.012

*denotes significance after correction for multipdsting.

Ecklonia radiata, banded wrasse, blue cod, scarlet wrasse, andweéna significantly

different in abundance among the four sites at K&farine Reserve.

Table 4.2. Significant Kruskall-Wallis test results (beforenda after correction for
multiple testing) after testing for differences species abundance and size between

reserve and control sites at Kapiti Marine Reserve.

Species Data testedP-value
Banded wrasse count 0.001*
Blue cod count 0.002*
Butterfish count 0.006
Butterfish size 0.002*
Scarlet wrasse count 0.013
Blue moki size 0.017
Kina size 0.008

* denotes significance after correction for mukipésting.

Banded wrasse and blue cod were significantly diffein abundance between reserve
and control sites. The results showed that busterfvere significantly different in size

between reserve and control sites.
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4.4.2 Analysis of variance tests

Ho = There is no difference in species abundancesiga) among sites at Kapiti Marine
Reserve.
Ho = There is no difference in species abundancsite) among reserve and control sites

at Kapiti marine reserve.

After data transformation (as described in Chapteo) Analysis of Variance (ANOVA)
tests were performed.

The significant results of the ANOVA tests perfodren log transformed count data are
presented in Tables 4.3-4.5.

Table 4.3. Significant ANOVA results (before and after cotren for multiple
testing)after testing for differences in speciesrtance among sites at Kapiti Marine

Reserve.

Species P-value

Ecklonia radiata  0.000*

Banded wrasse 0.000*

Blue cod 0.000*
Butterfish 0.008
Scarlet wrasse 0.000*
Spotty 0.013
Black foot paua  0.017
Kina 0.001*
Spotty 0.013

Black foot paua  0.017

*denotes significance after correction for multipdsting.

Data for Ecklonia radiata, banded wrasse, blue cod, scarlet wrasse andskioaed a

significant difference in abundance among sitdsagiiti Marine Reserve.
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Table 4.4.Average count values (per)mt standard error, at each site at Kapiti Marine
Reserve, for those species where ANOVA tests showesignificant difference in

abundance among sites.

Species Arapawaiti Poin Onepoto Point Tokahaki Point Kaiwharawhara
(reserve) (reserve) (control) Point (control)
Eckloniaradiata 8.74 + 2.05 29.47 +3.098 20.57 £1.12 21.90 +2.25

Banded wrasse 0.0465 + 0.0070086 + 0.00210.0062 + 0.00150.0093 + 0.0014

Blue cod 0.0571+0.018 0.0138 +£0.00310167 +0.006 0.0050 + 0.0014
Scarlet wrasse  0.0266 + 0.00620038 + 0.00110.0047 + 0.00150.02 + 0.0072
Kina 0.2222 +0.046 0.036 +0.006  0.0632 +0.0182806 + 0.14

Post Hoc Tukey tests (pairwise comparisons) were perforrteedry to establish the
location of these differences among sites. Lingmims (Figs. 4.1.-4.5gre used to show
which sites were significantly different from eacther. Sites joined by a line are not
significantly different from each other, but thagtes that are never grouped together (i.e.

are never joined by a line) are significantly diéfiet from each other.

Sites are coded

1 = Arapawaiti Point

2 = Kaiwharawhara Point
3 = Onepoto Point

4 = Tokahaki Point

1 and 3 are reserve sites, and 2 and 4 are caitesl
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Fig. 4.1.Line diagram showing significant differences in atlance among sites for

Ecklonia radiata at Kapiti Marine Reserve..
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Fig. 4.2. Line diagram showing significant differences in atdance among sites for

banded wrasse at Kapiti Marine Reserve.
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Fig 4.3.Line diagram showing significant differences in atbance among sites for blue

cod at Kapiti Marine Reserve.
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Fig. 4.4. Line diagram showing significant differences in atlance among sites for

scarlet wrasse at Kapiti Marine Reserve.
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Fig. 4.5. Line diagram showing significant differences in alance among sites for
kina at Kapiti Marine Reserve.
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Table 4.5. Significant ANOVA results (before and after cotien for multiple testing)

after testing for differences in species abundamns#&)g site nested with reserve as a
factor.

Species P-value

Ecklonia radiata  0.000*

Banded wrasse 0.000*

Blue cod 0.015
Marblefish 0.082
Scarlet wrasse 0.001*
Spotty 0.004*
Black foot paua  0.031
Kina 0.000*

*denotes significance after correction for multipdsting.
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Using site nested within reserve and testing fdfedinces again, data fdgcklonia

radiata, banded wrasse, scarlet wrasse, spotty and kimaezha significant difference

amongst sites. These mean counts for these spscessch site are shown in Figs. 4.6-

4.10. Categories on the x-axis of these charts @indereafter), represent each survey

period, in sequential time order. Error bars repnésne standard error.

Fig. 4.6. Abundance of banded wrasse at all 4 sites at K¢atine Reserve for each

survey period.
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Fig. 4.7. Abundance of blue cod at all 4 sites at Kapiti MarReserve for each survey

period.
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Fig. 4.8. Abundance of scarlet wrasse at all 4 sites at Kapgirine Reserve for each

survey period.
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Fig. 4.9.Abundance of kina at all 4 sites at Kapiti MarinesBrve at each survey period.
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Fig. 4.10.Abundance otcklonia radiata at all 4 sites at Kapiti Marine Reserve for each

survey period.
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Table 4.6.Significant ANOVA results (before and correctiar multiple testing) testing
for differences in species abundance between resard control sites at Kapiti Marine

Reserve.

Species P-value

Carpophyllum maschalocarpum  0.026

Banded wrasse 0.001*
Blue cod 0.001*
Butterfish 0.009
Scarlet wrasse 0.008

*denotes significance after correction for multipdsting.

Banded wrasse and blue cod abundance show a samifdifference between reserve
and control sites. The mean counts for these specsidde and outside the reserve are
shown in Figs. 4.11. and 4.12.
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Fig. 4.11.Blue cod abundance at reserve and control sité&apiti Marine Reserve at
each survey period.
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Fig. 4.12.Banded wrasse abundance at reserve and contbsikapiti Marine Reserve
at each survey period.
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ANOVA tests were then carried out on square roahgformed size data to test for

differences among sites. Significant results aes@mted in Tables 4.7. and 4.8.
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Table 4.7.Significant ANOVA results (before and after mulégesting) from testing for
differences in species size amongst sites at Kisjaitine Reserve.

Species P-value

Butterfish 0.009
Blue moki 0.012

Data for butterfish and blue moki showed a diffeeiin size amongst sites, but these

were not significant after multiple testing, themef nopost hoc tests were performed.

None of the data for species tested showed a ggnifdifference in size when tested for

differences amongst sites nested within reserve.

Table 4.8.Significant ANOVA results (before and after corientfor multiple testing)
from testing for differences in size, in reservasus control sites at Kapiti Marine

Reserve.

Species P-value

Kina 0.036
Butterfish 0.001*
Blue moki 0.006*

*denotes significance after correction for multipdsting.

Results for butterfish and blue moki showed a $icgmt difference in size in control vs
reserve sites.

The mean sizes for these species inside and outsidesserve are shown in Figs. 4.13-
4.14.
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Fig. 4.13.Mean sizes for butterfish in reserve and contriglssat Kapiti Marine Reserve
at all survey periods.
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Fig. 4.14.Mean sizes for blue moki in reserve and contrassét Kapiti Marine Reserve

at all survey periods.
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4.4.3 Power analysis
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These ANOVA results were run through a power amslys test whether the data

collected from this investigation would be powerémough to detect a change in species

abundance should it occur.

The power analysis was performed using the resudta ANOVA on log. transformed

count data only.

Table 4.9.Power of the data using the sampling regime is tlvestigation to detect a

change in species abundance at Kapiti Marine Reserv

Species

Power

Effect sizeChange in

sampling  effc

required to get 80% power

Carpophyllum
maschal ocar pum
Ecklonia radiata
Banded wrasse
Blue cod
Butterfish
Leatherjacket
Marblefish

Red moki
Scarlet wrasse
Spotty

Black foot paua
Kina

Yellow foot paua
Blue moki

Rock lobster
Tarakihi

45%

100%
100%
100%
90%
13%
29%
18%
99%
81%
81%
97%
32%
11%
92%
6%

0.34

0.82
1.04
0.87
0.59
0.27
0.65
0.24
0.85
0.5
0.51
0.66
0.36
0.24
1.15
0.16

2.08 X

05X

N/A (software limitation)
05X
0.8 X

7.8 X

2.7 X

54X

0.55 X
None

None
0.66 X

2.87 X
10 X

N/A (software limitation)
49 X

These results show that the data collectedEftktonia radiata, spotty, banded wrasse,

blue cod, butterfish, scarlet wrasse, spotty, bkadit paua, kina and rock lobster have a
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power of more than 80% (which is the standard povegrsidered suitable) to detect a
significant change in species abundance (i.e. tlesegpt monitoring regime for these
species is enough to enable detection of changtsese species). Power of the data for
the other species falls well below the thresholdaknud 80 % (i.e. sampling effort would
need to be increased in order to have an 80 % ehaindetecting any changes in these

species).

4.4.4 Multidimensional Scaling

Ho = All sites are equally similar or dissimilar tae@another.

Multidimensional scaling was used to examine retehips among the four sites
examined, using abundance data from all specigssaall time periods. The MDS
procedure was then repeated using only the data fish, invertebrates and algae

separately to examine the relationships among fitesach of these groups alone.

Reserve sites = AP and OP, control sites = TP dhd K

Fig. 4.15.MDS of sites surveyed at Kapiti Marine Reserve gsiserage abundance data
from all species, across all time periods.
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Fig. 4.16. MDS of all sites surveyed at Kapiti Marine Resemv&ng average fish
abundance data (across all time periods) only.
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Fig. 4.17. MDS of all sites surveyed at Kapiti Marine Resemsing average algae
abundance data (across all time periods) only.
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Fig. 4.18.MDS of all sites surveyed at Kapiti Marine Resengeng average invertebrate

abundance data (across all time periods) only.

2 T T T
1 L —
N
< oPO
il
g 0_ OAPOKP |
@
E TPO
o
1k _
2 | | |
-2 -1 0 1 2

Dimension-1

Looking at these figures one can see that whespaties are included (Fig. 4.15.) the
sites are all fairly well distributed and therernis immediately obvious similarity or

dissimilarity between any given pair of sites. Wsjast the average fish data (Fig. 4.16.)
Onepoto Point and Kaiwharawhara point are groupeskty together on dimension one.
However, both Onepoto Point and Arapawaiti Poihe (two reserve sites) are close on
dimension two, as are the two control sites. Jsstgualgae data (Fig. 4.17.), all the sites
are closely clustered along dimension two, with dfeki point and Kaiwharawhara point
being close together on dimension one also. Theriebrate data alone (Fig. 4.18.)
shows Arapawaiti point being similar to Kaiwharawd®&oint both on dimension one and
dimension two. The other two sites are separat@u these sites along dimension one,

and are also reasonably well spaced on dimension tw

4.4.5 Seasonal variation

Ho = There is no significant difference in speciesratance among time periods.
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Fig. 4.19.Actual sea surface temperatures recorded ovecdhese of this study vs the

average temperatures historically recorded.
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The correlation analysis found a significant catiein between lagtransformed count
data and sea surface temperature (Fig. 4.19) kos®ecies, so it was included in the

model. The first model using time as a factor was:

Time

Site(reserve)
Reserve
Time*site(reserve)

Sea surface temperature

The whole model was significant for the followingesies:

Kina
Black foot paua
Carpophyllum maschal ocarpum

Ecklonia radiata
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Scarlet wrasse
Spotty
Banded wrasse
Blue cod
Butterfish

For these 8 species the stepwise analysis wasrpedioto determine which of the factors

contributed significantly to the model.

Table 4.10.Results of 3-factor ANCOVA for scarlet wrasse apiki Marine Reserve,
indicating which factors are significant in expliaig variability.

Factor P-value  Significance
Time >0.05 NS
Site(reserve) <0.05 Sig
Reserve 0.008 Sig
Time*site(reserve) >0.05 NS

Sea Surface temperature  >0.05 NS

Table 4.11.Results of 3-factor ANCOVA for kina at Kapiti Mag Reserve, indicating
which factors are significant in explaining varigi

Factor P-value Significance
Time >0.05 NS
Site(reserve) <0.05 Sig
Reserve 0.665 NS
Time*site(reserve) >0.05 NS

Sea Surface temperature  >0.05 NS
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Table 4.12.Results of 3-factor ANCOVA for spotty at Kapiti Mae Reserve, indicating
which factors are significant in explaining varigi

Factor P-value Significance
Time >0.05 NS
Site(reserve) <0.05 Sig
Reserve 0.993 NS
Time*site(reserve) >0.05 NS

Sea Surface temperature  >0.05 NS

Table 4.13.Results of 3-factor ANCOVA for Black foot paua aapiti Marine Reserve,
indicating which factors are significant in expliaig variability.

Factor P-value  Significance
Time >0.05 NS
Site(reserve) <0.05 Sig
Reserve 0.111 NS
Time*site(reserve) <0.05 Sig

Sea Surface temperature  >0.05 NS

Table 4.14Results of 3-factor ANCOVA foCarpophyllum maschalocarpum at Kapiti
Marine Reservdndicating which factors are significant in explaig variability.

Factor P-value Significance
Time 0.781 NS
Site(reserve) 0.770 NS
Reserve 0.049 Sig
Time*site(reserve) 0.670 NS

Sea Surface temperature  0.900 NS




106
Table 4.15.Results of 3-factor ANCOVA foEcklonia radiata at Kapiti Marine Reserve,

indicating which factors are significant in expliaig variability.

Factor P-value Significance
Time 0.379 NS
Site(reserve) 0.007 Sig
Reserve 0.445 NS
Time*site(reserve) 0.976 NS

Sea Surface temperature  0.384 NS

Table 4.16.Results of 3-factor ANCOVA for banded wrasse apikaMarine Reserve,

indicating which factors are significant in expliaig variability.

Factor P-value Significance
Time 0.425 NS
Site(reserve) 0.000* Sig
Reserve 0.000* Sig
Time*site(reserve) 0.684 NS

Sea Surface temperature  0.436 NS

Table 4.17. Results of 3-factor ANCOVA for blue cod at KapMarine Reserve,

indicating which factors are significant in expliaig variability.

Factor P-value Significance
Time 0.148 NS
Site(reserve) 0.012 Sig
Reserve 0.000 Sig
Time*site(reserve) 0.550 NS

Sea Surface temperature  0.892 NS
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Table 4.18. Results of 3-factor ANCOVA for butterfish at Kapiarine Reserve,
indicating which factors are significant in expliaig variability.

Factor P-value Significance
Time 0.092 NS
Site(reserve) 0.042 Sig
Reserve 0.001 Sig
Time*site(reserve) 0.182 NS

Sea Surface temperature  0.005 Sig

Time was not a significant factor in explaining tregiability for any of these species in
this model. Site nested within reserve was sigaific for most species, except
Carpophyllum maschalocarpum. This indicates a difference amongst sites, buaftnot

be separated from “reserveness”. Butterfish, blad, danded wrassé;arpophyllum
maschalocarpum and scarlet wrasse showed reserve alone to lmdicant factor. This
indicates that the reserve sites support signifigatifferent abundances of these species
from control sites. Only black foot paua had tinseaa interaction with site nested with
reserve to be a significant factor, however thisnsethat one cannot interpret the exact
effect of either time or site(reserve) as a fadtoexplain variability by itself, as the
interaction confounds these interpretations. Bfisterwas the only species where sea
surface temperature was significant, and thus niighé factor in explaining differences
in abundance in this species.

4.4.5 Algal Damage
Ho= There is no difference in algal damage among site

Ho = There is no difference in algal damage amongrvesand control sites.

ANOVA tests on algal damage were run using theoWathg model.

Site (reserve)

Reserve

Time

Damage

Damage*reserve
Time*Damage (interaction)

Site(reserve)*Damage (interaction)



108
Site(reserve)*Damage*Time
Sea surface temperature
The whole model was significant only fiacklonia radiata.

The results were as follows.

Table 4.19.Results of a 4-factor ANCOVA for damage Eoklonia radiata plants at

Kapiti Marine Reserve, indicating which factors kp variability.

Factor P-value Significance
Site(reserve) 0.005 Sig
Reserve 0.820 NS

Time 0.105 NS

Sea surface temperature >0.05 NS
Damage 0.000 Sig
Damage*reserve <0.05 Sig
Damage*time <0.05 Sig
Damage*site(reserve) >0.05 NS
Damage*site(reserve)*time  <0.05 Sig

The interaction between damage and reserve andhtieaction between damage and
time are significant. Therefore the effect of anfy tbese factors alone cannot be
interpreted as they are affected by their relatign$o other factors. The site nested with
reserve factor is also significant, but this asimteraction with damage is not. This
indicates that there is a difference among sitas this cannot be considered
independently without taking reserve into accottawever, the fact that the three way
interaction between site(reserve), damage and isms@nificant means that there are no
easily interpretable patterns in any of these thiaetors and the variaton may be due to

any combination of two of the three factors.

This is displayed graphically below in Figs. 4.2023.



Fig 4.20. Abundance ofalgal Ecklonia radiata) damage at Arapawaiti Point, at all

survey periods, at Kapiti Marine Reserve.
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Fig. 4.21.Abundance of algalHcklonia radiata) damage at Onepoto point, at all survey

periods, at Kapiti Marine Reserve.
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Fig. 4.22. Abundance of algalHcklonia radiata)damage at Kaiwharawhara Point, at all

survey periods, at Kapiti Marine Reserve.

Ecklonia damage

350

300

250

O Fronds

= 200 4
3 [ none
& 150 - O Stipe

100 - T T

50 | I:z‘
K- K- K- K- K- K- K- K- K- K- K- K-
1998-1 1999-1 1999-2 1999-3 1999-4 1999-5 2000-1 2000-2 2000-3 2000-4 2000-5 2000-6
Survey

Fig. 4.23.Abundance of algalHcklonia radiata) damage at Tokahaki Point at all survey

periods at Kapiti Marine Reserve.
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4.4.6 Comparison to previous data

The data collected in this investigation were coregato data collected in 1992
(Battershill et al., 1993). ANOVA testing for difiences in size and abundance was

performed separately for each site for the spexesmon to both surveys.

Results for ANOVA tests performed on ldgansformed count data are presented below:

Table 4.20. Results of ANOVA testing for differences in speci@abundance, at

Arapawaiti Point, between 1992 and this investaati

Species P-value Significance
Banded wrasse  0.855 NS

Blue cod 0.258 NS
Butterfish 0.05 NS

Blue moki 0.887 NS

Kina 0.776 NS

Leatherjacket 0.767 NS
Scarlet wrasse 0.543 NS
Tarakihi 0.830 NS

Table 4.21.Results of ANOVA testing for differences in specabundance, at Onepoto

Point, between 1992 and this investigation.

Species P-value  Significance
Blue cod 0.019 NS
Butterfish 0.073 NS
Kina 0.667 NS
Red moki 0.2 NS

Scarlet wrasse  0.209 NS
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Table 4.22. Results of ANOVA testing for differences in speci@abundance, at

Kaiwharawhara Point, between 1992 and this invastg.

Species P-value Significance

Banded wrasse  0.505 NS
Butterfly perch  1.00 NS
Kina 0.380 NS

Table 4.23.Results of ANOVA testing for differences in specabundance, at Tokahaki

Point, between 1992 and this investigation.

Species P-value Significance
Banded Wrasse  0.000* Sig
Butterfly perch  0.641 NS
Butterfish 0.880 NS

Kina 0.333 NS

Scarlet wrasse 0.531 NS

*denotes significance after correction for multipdsting.

In most cases there was no difference between #t& cbllected in 1992 and that
collected in this study. Banded wrasse abundanda @@ Tokahaki Point were

significantly different between the two surveys.

For those species where size estimates were nfaléata was square root transformed

and ANOVA was used to test for differences in mgiae between the two surveys.
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Table 4.24. Results of ANOVA testing for differences betwee®92 and this

investigation, in average species size at Arapawaint.

Species P-value  Significance
Banded wrasse 0.434 NS

Blue cod 0.223 NS

Blue moki 0.198 NS
Butterfish 0.758 NS
Tarakihi 0.136 NS

Kina 0.239 NS

Table 4.25. Results of ANOVA testing for differences betwee®92 and this

investigation, in average species size at Onepoitat.P

Species P-value  Significance
Blue cod 0.656 NS
Butterfish 0.758 NS
Kina 0.537 NS
Red moki 0.452 NS

Scarlet wrasse 0.667 NS

Table 4.26. Results of ANOVA testing for differences betwee®92 and this

investigation, in average species size at Kaiwkbaza Point.

Species P-value Significance

Banded wrasse  0.087 NS
Butterfly perch  0.667 NS
Kina 0.678 NS
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Table 4.27. Results of ANOVA testing for differences betwee®92 and this
investigation, in average species size at TokalRalat.

Species P-value Significance

Banded wrasse  0.158 NS
Butterfly perch  0.943 NS
Butterfish 0.604 NS
Kina 0.065 NS

No species showed any significant differences erage size between the two sampling

periods (i.e. Battershill et al., 1993 data anddata collected in this investigation).

4.5 Discussion

4.5.1 Site Similarity

Post Hoc Tukey pairwise comparisons for the ANOVA tests wbd, with some
exceptions, Arapawaiti point to be almost consisgesignificantly different from all of
the other sites. The results showed that the resstes supported higher numbers and
larger sizes of these species than the contrd, $itg Figs. 4.6-4.9 also show that in most

cases Arapawaiti Point is the reserve site thgbaup higher numbers.

Based on observations while SCUBA diving, Arapawatint appears different from the
other sites. The reef habitat gives way to a rushdee, which then becomes a sand and
broken shell/cobble substrate. This is known asmancon habitat for blue cod (Davidson,
1995). It was therefore not surprising to find agéa number of blue cod at this site
compared to the other study sites. Furthermoree thee largdecklionia radiata stands at
Arapawaiti Point. This feature may be importants&veral species of fish, especially
labrids, that have been shown to be shelter-dep¢ratajuveniles and feed on micro
crustaceans found in macro algal stands. Later tbey schools and become less
dependant on algal cover (Jones, 1984, Choat ahdgAy 987, Babcock and Cole, 1993,
Anderson, 1994). Since there is a mixture of bdglaeand rubble habitats at Arapawaiti
Point, it probably explains the high abundanceasfded wrasse, as the habitat is suitable

for both adults and juveniles. Figs. 4.13. - 4.4low the difference in abundance and
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size between reserve and control sites, althouglaritbe seen from Figs.4.6.-4.8. that
Arapawaiti Point is generally the reserve site ggtports a higher abundance, whereas
Onepoto Point (the other reserve site) does naw shuch a marked difference. Onepoto
Point is slightly different in habitat; it is a dleav broken reef that is created by large
boulders lodged next to each other interspersdd smitall patches of big cobble. There is
no obvious distinction between shallow reef leadhngp cobble bottom like there is with
Arapawaiti Point.

Results from statistical tests showed that thervessites supported larger average sizes
for particular species, while other species shogreater abundance than in control sites.
The magnitude of the difference, however, is pdgskewed by Arapawaiti Point which
naturally supported a greater abundance and spdigiesity than all other sites and this
result may not be attributable to reserve statosal fisherman reported good fishing at
Arapawaiti Point and objected to the establishneéthe Kapiti Marine Reserve because
they felt they believed they would be lose a valeatishing ground. Even before
establishment of the reserve, locals that had dikempawaiti Point, stated that it
supported a rich fish community compared to otheras around the island (Robert
Williamson pers. comm.). Battershill et al. (1998ported a high species abundance and
diversity and a unique and spectacular subtidaitétaat this site. Their results showed
that Arapawaiti Point supported the largest nundddish species and the largest mean
fish species abundance of all the sites surveydw: present study confirms these
findings. Arapawaiti Point also supports a bryozoharacterised reef which is unique to
the west coast of the North Island (Battershikhlet 1993). However, this was located at a
depth strata of about 18-25 m. This depth stratuas wot surveyed in the present
investigation. In addition, Arapawaiti Point is tlealy one of the sites surveyed that
supports a small New Zealand fur seal colony. Ty influence both abundance, type
and behaviour of the fish seen in this area dyeddation of reef fish by the seals.

Additionally, the abundance of many reef fish isrreated with variation in reef

characteristics, such as topographic complexityapgbian and Kramer (1999) tried to
control for potential habitat correlates of fishamhexamining the effect of the Barbados
Marine Reserve, so that the effect of habitat e did not mask the effects of
reservation. They found that there were no sigaific differences in habitat

characteristics between reserve and control digsstated that this still did not rule out
the possibility that differences in fish densityuttb be due to habitat differences.
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Chapman and Kramer (1999) commented that resete® aie often chosen because of
the high initial habitat quality and abundance ishf Evidence that habitat quality can
affect reserve performance is seen in the exanii@d by Roberts (2000). The Hol Chan
Marine Reserve in Belize is centred around a pa&ssathe outer reef. Before the reserve
was closed to fishing, it was known as a primeiffiglspot. After four years this reserve
supported a very high biomass of predatory fisht BAthe Saba Marine Park in the
Netherlands Antilles was closed to fishing at tlane time as the Hol Chan Marine
Reserve. The increase in biomass at Saba MarinevRar less than at Hol Chan Marine
Reserve and peaked at a level well below that @bl Chan Marine Reserve. Roberts
(2000) attributed this to the fact that the Hol @hdarine Reserve was placed in a site
where there were high import levels of nutrientsnfrlagoonal and offshore habitats
during tidal flushing, but the fully protected port of Saba Marine Park did not receive
any such inputs. Similarly, at Kapiti Marine Reserit seems likely that Arapawaiti Point
being so different from the other sites would camid the reserve effect in any analysis
performed.

Battershill et al. (1993) found evidence for a mcly of greater species diversity at the
northern tip of Kapiti Island with decreasing disiy towards the south. They attributed
this phenomonen to decrease in shelter. Sitesdddawards the northern end of the
island tend to be less subject to harsh wave donditand strong currents. Since the
island is orientated SW-NE, the northern sitesgegly those on the western side of the
island, are not exposed to rough sea conditionstatlee predominant southerly winds.
Since Arapawaiti Point is situated further nortartfOnepoto Point, this could be another
reason to explain why the Onepoto Point reserveioatashowed less dramatic

increases/differences than Arapawaiti Point. A Eimpattern was found on the south
coast of Wellington (chapter three, this thesis)esehmore sheltered sites generally
supported a greater species abundance.

The MDS plot using average abundance data fronsmdcies showed all sites to be
relatively similar or dissimilar to each other. Tpets using abundance data from only
fish, invertebrates or algae were not as well spam#t, but no distinct patterns were
obvious. In all the plots the sites were very closedimension two and more spread apart
on dimension one. This may indicate that dimensoe accounted for most of the
variability in the data. However, it is not cleahat aspect of the sites dimension one may
represent. This analysis showed no clear differgiocgatterns in reserve sites vs control
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sites. This is likely to be due to variability inet data, and the fact that only two reserve
and two control sites were surveyed. With only faites it is difficult to determine
whether true clustering exists or not. If more sitad been surveyed and subsequently
included in the analysis, there is a possibilitattiArapawaiti Point may have been
significantly separated from the other sites. Msites, both reserve and control, would

have more clearly indicated a difference betwesarke and control sites.

4.5.2 Power Analysis

Data for most species surveyed had a relativelig pgwer to detect a change. The best
species to use as indicator species to detectrageha this reserve would be blue cod,
butterfish, kina, black foot paua, rock lobster dfutlonia radiata. While performing
visual fish censuses, it is possible to record nmepecies without an increase in sampling
effort. Therefore, it is recommended that any ongamnonitoring include all species
observed. Data for some species, such as red mdiblae moki, that have a low power
to detect change now, may increase in power toctetehange if the fish abundance
increases in response to reservation. Similarlta dallected for species such as banded
wrasse, scarlet wrasse and spotty, although notmawaially or recreationally fished
species, have a high power to detect change. Hpesges may not be expected to show a
very marked response to reservation as they arsulpéct to as much fishing pressure as
the other species, but they may provide informatinrchanges occurring in populations
not subject to fishing pressure. Jouvenel and Rbl2001) noted that the demographic
structure of fish populations in reserves is dédfdér from fished areas. The authors
suggested that this might be because fish showittmmedd responses to fishing pressure
and move to deeper waters. However, in reservesn\is fishing pressure is removed,
these species may move back to shallower watels. ihsimilar to the response that
Castilla (1989) found in Las Cruces, central Chidbere species previously considered
as subtidal, became prevalent in intertidal areasnaprotected from human foraging.

Battershill et al. (1993) reported that in geneadlimobile invertebrates were uncommon
at Kapiti Marine Reserve. The authors reported gsta and kina were abundant, but
only in small localised patches. In the preserd\tthe data for paua and kina had a high
enough power to detect a change. This could beatige of change in the reserve since
the 1993 survey was carried out. If the abundarae still as low and patchy as reported
by Battershill et al. (1993) the data probably vbbhve had a very low power. These
species are relatively sessile so the results woatdbe confounded by movement of
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these species between sites or easily crossingyeeBeundaries. As mentioned in section
3.5.2., the investigation of marine reserves innfasa by Edgar and Barrett (1999)
showed that the effectiveness of a marine resegperted on the mobility of the target
species, hence species like abalone were more likebe protected in a small reserve
compared to more mobile species. Therefore, thisrpial increase in paua and kina

abundance at Kapiti Marine Reserve was not uneggdect

The type of community shift where kelp forests regrated in the Cape Rodney-Okakari
Point Marine Reserve due to increased predatiokiran (described in section 3.5.2.) has
not occurred in the Kapiti Marine Reserve. Sinaghur barrens are not a common feature
in this marine reserve, even at the control sitess was not a likely response to

reservation.

Rock lobster were not surveyed as intensively exdlwrrent investigation as compared to
the Battershill et al. (1993) survey. This was tlutgistical restrictions related to diving
time (safety). Therefore, further surveys in thesent investigation were not feasible.
Since rock lobster is a commercially important sg&cit is recommended that they be
monitored more intensively. This could involve seying a greater area than in the
current or the previous investigation and the diva@rould be trained to sex and size the
lobsters visually while minimising disturbance. iBis usually an estimate of carapace
length as in MacDiarmid (1991), MacDiarmid and Bre@992) and Davidson (in
submission). Collecting this additional informatianll allow seasonal migrations and
changes in depth distributions (MacDiarmid, 199l pé detected and therefore will not
confound the reserve effect in any subsequent sisalifzishing pressure has also been
shown to skew sex ratios in rock lobster (and o#ipercies) and monitoring of sexes will
help determine whether reservation is changingréies of the sexes in populations(
MacDiarmid, 2001, Roberts and Hawkins, 2000)

The same apparent relationship between abundanceEckifonia radiata and
Carpophyllum flexuosum was observed at the Kapiti Marine Reserve as wasrebd on
the south coast of Wellington (see section 3.5A8)the abundance dickionia radiata
decreased, the abundance Gérpophyllum flexuosum increasedit Kapiti Marine
Reserve, like the Wellington south coaSgrpophyllum flexuosum was not monitored
from the start of this investigation and it was ramded to the suite of species

investigated. Therefore the interaction betweersdéhgvo species could not be tested.
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Future monitoring should include this species draldata tested for a shift in the algal
community. Sinceecklonia radiata has been shown to be an important food source for
several species such as butterfi€iugx pullus) and kina (Babcock and Cole, 1993), a
potential change in the dominant alga, could sulsety lead to a change in abundance

of these species.

4.5.3 Seasonal variation

Testing for seasonal variation did not show anyialw patterns. Time was not a
significant factor in explaining the variation inet model for any of the species tested.
The models showed that the only significant factorexplaining the variability were site
and/or reserve factors. These factors obviouslye hawgreater role in explaining the
variability of the data than time. Shears and Bakc(2000) found obvious temporal
variation in community structure, especially in atlance of the dominant species,
between years in the Cape Rodney-Okakari PointraReserve. These patterns were
mostly attributed to small scale patchiness of amerspecies, except in the case of
Ecklonia radiata and Carpophyllum maschalocarpum, where variation in recruitment
caused obvious temporal patterns. This temporaht@n in any species, however, did

not obscure patterns seen between reserve anaksites.

An explanation for the lack of seasonal trends api Marine Reserve have been

discussed in relation to the south coast of Welitingn section 3.5.3.

4.5.4 Algal Damage
Time as an interaction with reserve was a signifi¢actor in explaining the variation in

the amount of damage Bcklionia radiata plants.Ecklonia radiata was the only algal
species, where algal damage, was found to be signif Ecklonia radiata was the most
commonly seen alga of those algae that were sudydlyerefore this was not unexpected.
Figs. 4.22.-4.25show that the greatest amount of algal damage aotglat all sites
occurred during 1999, and the extent of the dantagered off in 2000. Algal damage
was not surveyed in 1998. As mentioned earlierathendance dtcklonia radiata plants
appeared inversely linked to the abundanc€avpophyllum flexuosum plants. When the
abundance oEcklonia radiata decreased dramatically and there were large nusider
severely “damaged” plantCarpophyllum flexuosum became the dominant species.
However no quantitative data were collected on #imindance ofCarpophyllum
flexuosum, so this is based purely on observation.
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As mentioned before (section 4.5.3.), investigatorsentral Chile (Castilla, 1989) had
found that the intertidal communities that devetbpe areas protected from human
disturbances showed little similarity to those poegly considered ‘normal’. Species
previously thought only to occur in subtidal deptiecame prevalent in the intertidal
area, and those previously considered rare becamadnt. A similar situation might be
occurring here in the shallow subtidal region wihrpohyllum flexuosum becoming
prevalent where it is not necessarily expected.oAdiog to Cole and Babcock (1993)
usually Carpophyllum flexuosum does not recruitvell on to vacant areas of rock below
10 m depth, but after sevetatklonia radiata die back events, a better opportunity may
exist for species such &arpophyllum flexuosum to recruit, since they can establish their
own “gametophyte bank”. The authors stated thatethes evidence of this occurring in
the Hauraki gulf after severdicklonia radiata die back events. This may indicate a
comparable case at Kapiti Marine Reserve. Tliekbonia radiata die back events have
been observed in other areas such as Little Baisland and Cape Rodney- Okakari
Point Marine Reserve (Cole and Babcock, 1993). iGalty the cause for damage to
fronds to Ecklonia radiata plants was thought to be due to herbivorous fisthsas
butterfish that are known to feed &cklonia radiata plants (Babcock and Cole, 1993,
Choat and Clements, 1993, Clements and Choat, E3fiBare present in relatively large
numbers. It has also been shown that the sea urEischinus chloroticus, feeds on
Ecklonia radiata stands (Babcock and Cole, 1993, Babcock et aB91%hears and
Babcock, 2000)Several other possible causes of the algal damage lbeen suggested.
These include potential pathogens such as bactemi or viruses, environmental
effects related to temperature and phytoplanktooorbs and normal demographic
processes associated wibklonia radiata (Babcock and Cole, 1993abcock and Cole
(1993) suggested that the periodicity of thEskonia radiata die back events may have
been enhanced by factors such as ENSO (El Nindh8ouOscillation) events in the past
that coincided with the die back events. It is otenthat this investigation was also
carried out during an ENSO event. Since sea sarfamperature changes can be
associated with ENSO events, this was tested avariate with algal damage, however
it was not found significant. This type of damag@fiten associated with the stipe boring
amphipodOrchomenella aahu which has been found present in tBeklonia radiata
plants in Cape Rodney-Okakari Point Marine Resditaggitt 1999, pers. comm.).
Subsequently sontecklonia radiata samples were collected from the control sites raou
Kapiti Marine Reserve and dissected looking forsehemphipods. Amphipods were
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found and also identified as beiychomenella aahu. Therefore, this amphipod species
may play an important role in tHecklonia radiata damage observed at Kapiti Marine

Reserve.

4.5.5 Comparison to previous data
Comparing the data from this investigation to dadflected by Battershill et al. (1993)

showed that apart from banded wrasse there werggmdficant differences in sizes or
abundances of species tested. Banded wrasse weeeatmendant at Tokahaki Point in
the present investigation than the previous one. ddecies showed a significant
difference in size between the two data sets. TakiaRoint is a control site and since
banded wrasse at this site showed an increaseaiimdahce, these differences are unlikely

to be due to reservation, but are more likely talbe to variability in the data.

The data in 1992 was collected over one short mong period and therefore may not
be representative of the average numbers/sizelaattime. The data from 1992 was
compared with data from this investigation collectever similar months so that any
seasonal variation (if there was any) would notfeond the results. Battershill et al.
(1993) found no significant difference amongst reseand control sites. The fact that
differences were found amongst sites, and amomegstve and control sites in this study

is likely to be due to reservation status.

4.5.6 General discussion

A review by Halpern (in press), of 89 “no-take” mma reserves found that population
densities of species in marine reserves were oragee1% higher, biomass was 192%
higher, average organism size was 31% higher ardiesp diversity was 23% higher,
compared to control sites, regardless of reseze &urthermore, the author stated that
these high values were reached in one to two \eftes protection. Evidence suggested
that marine reserves were contributing significant recruitment and thus providing
substantial export to areas adjacent to thosewesemhe Kapiti Marine Reserve does
show an increase in species size and abundancasasdch appears to conform to this
finding. In the Mombasa Marine National Park in KanCatch Per Unit Effort (CPUE)
at the marine reserve boundaries was found to Bé Bigher than elsewhere in the
fishing grounds, consequently fishers were targetins area. Fishers might be finding

that fishing close to Kapiti Marine Reserve bouimekis yielding a better CPUE than
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elsewhere, as it has been observed that therdtarefishing boats very near the reserve

boundaries (pers. obs.).

When examining the effects of marine reserves,rageensiderations must be taken into
account. Response times to protection varies depgrmh the species. For species very
vulnerable to overfishing, which tend to be longed and late reproducing (k-selected)
benefits are low until a high level of protectienachieved. For smaller, shorter lived and
early reproducing fish (r-selected), benefits buifa steadily as the level of protection
builds up (Roberts, 2000). The r-selected specgiesisually the first to show a response
to protection from fishing, whereas the k-selec¢pecies will take longer to reappear
inside reserves (Roberts and Hawkins, 2000). Te olathe Kapiti Marine Reserve, not
all species have shown an effect, but this is grybdue to the fact that response times
vary from species to species. The statistical tpetformed in the present investigation
showed differences between reserve and contrad &especies such as blue cod and
several species of wrasse. These are all quickljunmg and fast growing species
(Francis, 1996). From personal observation, spesieh as red and blue moki and
butterfish, which are slower growing, long liveddasiower to mature (Francis, 1996) are
starting to become more abundant and large indalsdwere present. This is in direct
accordance with the responses that Roberts (20@d)ged about species with different
life histories. Follow-on effects of reservationeseto be becoming evident at Kapiti
Marine Reserve. Battershill et al. (1993) repotteat the algal stands at Arapawaiti point
were in good condition so the damage to the plse¢s in the present investigation may
be a secondary effect of the change in speciesdaimge. Therefore, it is clear that the
success of any particular marine reserve dependbi@mbjective of its establishment

(Conover et al., 2000) and the response timeseobthanisms within it.

Whilst conducting visual censuses of fish in marneserves is the most commonly
accepted form of gathering data on fish abundahbas been noted that in some marine
reserves fish behaviour towards divers may chafgeekample the fish may become
accustomed to them and thus more fish may be sidhtalivers than previously) (Cole,
1994, Davidson, in submission.). Although no mark#fferences in fish behaviour
between reserve and control sites at Kapiti MaReserve were observed in the present

investigation, this is a point of note for futuregeys.
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Also important is the fact thatalfl marine protected areas are poached to varyeuyees
(Attwood et al., 1997b). For example the MombasaihaNational Park in Kenya was
set up in 1987. However, fishers remained in tleaand poaching continued to be a
problem until 1992. In 1992 night-time patrols effeely decreased poaching in the
reserve and so it was not until this time that d@sviruly protected from fishing (Roberts
and Hawkins, 2000). The amount of poaching thatisca a marine reserve, can affect
the changes occurring in a reserve. During thegptaavestigation a few nets were found
(and pulled out) in the reserve. Amongst level adt@ction, location, shape, size and
proximity to other reserves, compliance is a aiti@ctor greatly influencing the efficacy

of any marine reserve.

Tokahaki Point, which was used as a control sitethis survey, was deemed by
Battershill et al. (1993) to be inappropriate asoatrol, as the habitat it supports is
slightly different from the sites on the westerdesof the island. However, the similarity
tests they performed clustered all these sitedlegelt was used as a control site for this
investigation as it was less exposed and providedfer dive site than Maraetakaroo
Point (which was another one of the sites surveayedIWA (Fig. 4.2.). This was an

important logistical consideration as time in whichconduct surveys was limited. Only

four sites were used, to enable a complete suo/ég ttarried out in a day.

The results in the present investigation were éffely based on an ‘in versus out’ (or
‘reserve versus control’) comparison. Although éheas a small amount of baseline data
available, comparisons using this data did not showy change, although it is clearly
occurring. This indicates that simply having datanf a survey done before reserve
establishment is not enough to ensure detectioa ofhange post establishment. As is
stated by Underwood and Atkinson (1992} s imperative that sufficient information is
collected to be able to establish the magnitudeatidiral fluctuations in densities of populations.
According to the power analysis performed, the methogy used to collect data in the
current investigation should be able to detect@rmnge. The fact that no difference was
detected between the two studies must therefoedtbbuted to inadequate baseline data.
This is unsurprising as the early study was a dhetovey with no temporal replication
and very little spatial replication. A one-off segvshould have large amounts of spatial
replication (i.e. transects), otherwise the chanakegollecting enough data to show

statistically significant changes are unlikely.
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However, the slightly different methodology empldyduring the two studies may be
partially at fault. | used methodology consistenthvthat used for the monitoring of the
south coast for logistical reasons as explainedhapter two. Descriptions of benthic
quadrats and reef stratifications, and comprehenspecies lists provided by the
Battershill et al. (1993) survey were not followep in this investigation. If these were
followed up, maybe a difference in community comias would become apparent. The
lesson to take from this is that follow up surveyguld where possible use identical
methodology as the initial survey. It also suggehtt collection of pre-reserve data

allows fine tuning of the methodology to be used.

4.5.7 Summary and future recommendations

Future monitoring should include the same sitegtatbin this investigation to detect

protection related changes on the western sidaeofsiand. Additionally, the other sites

on the western side of the island surveyed in Btttk et al. (1993) should be included

as this would give a better indication of changsgida and outside the reserve, since it
would include three reserve sites and four corgras (and therefore increasing spatial
replication). There is a possibility that Arapaw#&bint may bias the magnitude of the

change occurring inside the reserve as it suppautsque habitat, and surveying an extra
reserve site would serve to balance out this Biasuyld there be one.

Algal damage should continue to be monitored as iy be a cyclic occurrence. In
addition toEcklonia radiata, Carpophyllum flexuosum should be quantitatively surveyed
as there seems to be an interaction between th&sspgecies. Following methodology
used in the present study, key species to be nmredithould include butterfish, blue cod,
black foot paua and kina. Data collected for thgsecies using this methodology has
been shown to be adequate to detect any changestokiiog of rock lobster should

include collection of size data, and sampling dfedent depth ranges as well as an
increase in sampling effort. Species interactiom$ associations of species with certain

habitat types should be examined to increase utasheling of natural processes.

In summary, Kapiti Marine Reserve is having a pesiteffect on particular species
surveyed in this investigation. For some specidgjndance is increasing and the
population demographics (i.e. size structure) dfepbtspecies present is changing. No
distinct seasonal patterns were detected desmtpudnt monitoring (possibly due to
abnormal weather patterns due to El Nino and LaaNiears). Continued monitoring
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should use the same methodology with the suggestddions and important indicator
species are identified. Further continual monitgriri this reserve may allow more robust
time series analysis to be performed to detectdotgym natural variation than the span
of the present investigation. It would also detewanif the magnitude of the effect of the

marine reserve continues to increase with time.
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CHAPTER 5

THE EFFECTS OF NEW ZEALAND MARINE RESERVES ON THE M EAN
SIZE AND ABUNDANCE OF BLUE COD AND ROCK LOBSTER:
A META-ANALYSIS.
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CHAPTER 5 — THE EFFECTS OF NEW ZEALAND MARINE RESER VES ON
THE MEAN SIZE AND ABUNDANCE OF BLUE COD AND ROCK LO BSTER: A
META-ANALYSIS.

5.1 Introduction

As mentioned in the general introduction, there@meently 16 marine reserves in New
Zealand. They are spread throughout New Zealandamgk in age from 26 years to 2
years. There are also three other marine protected ateas are under a different
legislation to reserves, and two marine mammaltsanes. There are 9 marine reserves
located in the North Island plus the Kermadec d$aand 6 marine reserves in the South
Island. Three of the reserves in the South Islaadaathe northern tip of the South Island.
The degree of protection and size of these mariotgted areas differs considerably. All
of New Zealand’s marine reserves totally prohibbmenercial, traditional and
recreational fishing. See Table 5.1. for a lisNefv Zealand marine reserves. Most of the
literature talks about ‘marine protected areas’jcWhs effectively any part of the sea
where special regulations to protect biotic anadtibiresources might apply (Attwood et
al., 1997a, Ballantine,1997). In this investigationill refer to marine reserves as being

areas where any form of extraction is banned.

There have been many studies conducted on thetefiéenarine reserves on particular
species (Cole et al., 1990, Creese and Jeffs, Ida2Diarmid and Breen, 1992, Russ
and Alcala, 1996, Davidson, 199Edgar and Barrett, 1997, Babcock et al., 1999
Chapman and Kramer, 1999Each of these studies has been conducted using
methodology tailored to the species and the mam@serve in question. Key species
studied are generally common reef fish, especitibse of commercial or recreational
value. Rock lobster and paua (abalone) have aleo thee subject of such studies as they
are also of commercial importance. Kina, althougimmercially less important, are often
investigated as they have been shown to have di@efégcts on the surrounding habitat
when present in large numbers, and change in #i®indance within a reserve area
would show a corresponding change in habitat (Bekocet al., 1999, Shears and
Babcock, 2000) Investigations of reserves overseas also tend cicentrate on
monitoring large predatory reef fish, rock lobstapalone and sea urchins (Buxton and
Smale, 1989, Russ and Alcala, 1996, Edgar and Badr@99, Jouvenel and Pollard,
2001). Studies investigating the effectiveness ofagine reserve involve the comparison
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of a reserve with a non-reserve (i.e.control) afdas is a way of trying to establish
whether the communities inside the reserve arefrdgignificantly from those in a
similar habitat outside a reserve area. This m#aatsthe reserve and control areas must
be comparable in terms of habitat type and physicelnography (i.e. currents, wave

exposure and water temperature) so as not to codfthe results.

The individual marine reserve studies may reachctnelusion that a particular marine
reserve is having the effect of increasing spegsidance and/or size within the reserve
in question, but they do not address how that lates to being able to make a statement
about marine reserves in general. To date, eachnenaeserve study has been
investigated separately and there has been no cmopar link made between them.

Marine reserve studies are ideal candidates forpeoative methods such as a meta-
analysis as the results are variable across st(dig®ugh there are many factors that
could influence these results). The sample sizes aiten limited due to weather
conditions or funding making large amounts of datdlection infeasible (Arngvist and
Wooster 1995). Although there have been many reviapers (Creese and Jeffs, 1992,
Jones et al., 1992, Allison et al., 1998, Garciai@n and Perez-Ruzafa 1999) the
overall effects of marine reserves, a formal siaatanalysis has never been done before.
Besides the many published studies on marine reservNew Zealand there is a lot of
unpublished data. This study is the first attentpt@anmbining data from New Zealand
marine reserves in a formal statistical meta-amaly® investigate the effectiveness of
marine protected areas. This has not been donmati@nally or within another region
before. Benjamin Halpern (2001) from the UniversifyCalifornia performed an in depth
review of empirical studies on marine reservesyoahd address the impacts of marine
reserves on several biological measures. This watasto a meta analysis, however, all
the analyses was based on published numbers anlisrehe values were also not

weighted as is required by a true meta analysis.

Meta-analysis is used to combine the results freveal studies in an attempt to come to
an overall conclusion (Arngvist and Wooster, 1988ams et al., 1997, Schafer 1999).
Traditionally, methods such as narrative reviewsvate-counting” have been used as
ways of summing up findings from many separate istudThese methods can be
seriously flawed and thus produce misleading resudcause they tend to be subjective
and do not take into account relative importancedetail of the studies looked at
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(Arngvist and Wooster, 1995, Adams et al., 1997etadanalysis is a quantitative
synthesis and analysis of a collection of expertalestudies (Osenberg et al., 1999).
Meta-analysis allows a more objective appraisahefevidence than traditional reviews,
and because it is quantitative, is more informasiviee it provides a set of numbers and
probabilities as results that can be used as raferpoints for future research (Arnqvist
and Wooster, 1995, Egger et al., 1997).

Meta-analysis methods have recently been incorpdranto a common statistical
framework (Arngvist and Wooster, 1995). These pdoces are similar to standard
statistical methods, but conventional tests showoldbe applied to such data because of
problems related to the distribution of varianceg (eeterogeneous variances). No two
studies in a set of research investigations aralbgreliable, so this is accounted for by
using weighted averages, usually according to sasige (Arnqvist and Wooster, 1995,
Egger et al., 1997). Different statistical methadsst to combine data, but there is no
single ‘correct’ method. Individual results need be standardised to allow for
comparison between studies. Graphical representailows a visual examination of

heterogeneity between studies (Egger et al., 1997).

Meta-analysis techniques are now being widely usetie fields of medicine and social
sciences, but the potential use for ecological @gatanly now being realised (Adams et
al., 1997). Community and behavioural ecologytew@ areas that often qualify for meta-
analysis because of the nature of the data andithsveollected (Arngvist and Wooster,
1995).

The present study combined data collected by aetyaof researchers at several New
Zealand marine reserves at different times overddbetwo decades. Statistical analysis
has been applied to these data to investigateftbets of different marine reserves and
whether they have a significant impact on the comities or species within them. A
measurable way of defining marine reserve “succesptoblematical. A marine reserve
iIs generally thought to have a “positive” effect terms of protecting unique or
endangered species, protecting breeding stockshame “spillover” into neighbouring
areas (Jones et al., 1992). There are many conaglesystem interactions occurring in a
marine reserve and without complete informationuatibese interactions, the responses
to reservation may well be different from expectealyever to allow natural processes to
survive is a type of “success” (Attwood et al., 789 “Success” is typically considered
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to be an increase in commercial species abundarterasize. For further definitions of
ways to define marine reserve “success” see chdptéithough marine reserves may
have many other noticeable effects, average spsizesand abundance are the variables
considered here as they are simple to use as todscaf an effect. This study therefore
investigates the null hypotheses that there isiffierdnce in the amount of change in size
or abundance of the key species, relative to cbsites, within marine reserves in New
Zealand.

Table 5.1.Marine Reserves in New Zealand.

Reserve Date of Establishment  Size (ha)
Cape Rodney-Okakari Point 1977 518
Poor Knights Islands 1981 2400
Kermadec Islands 1990 748000
Kapiti 1992 2167

Te Whanganui A Hei (Cathedral Cove) 1992 840
Tuhua (Mayor Island) 1992 1060
Long Island-Kokomohua 1993 619
Piopiotahi (Milford Sound) 1993 690

Te Awaatu (The Gut) 1993 93
Tonga Island 1993 1835
Te Tai Tapu (Westhaven or Whang: 1994 536
Inlet)

Motu Manawa-Pollen Island 1995 500
Long Bay- Okura 1995 980

Te Angiangi 1997 446
Pohatu 1999 215

Te Tapuwae o Rongokako 1999 2450
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5.2 Methods

Meta-analysis methods follow those as present&bsenthal (1987), Egger et al. (1997)
and Schafer (1999).

Data collected from seven marine reserves aroune Kealand were collated and
reviewed. Two key species, common to all theseiestudvere selected as indicator
species(i.e. the reef fish blue coBafapercias colias) and the rock lobsterJdsus
edwardsii). These species were also chosen because thelyoirecommercially and
recreationally important species and they are vogssl throughout New Zealand, as
opposed to being specifically warm temperate od t@mperate species. Insufficient data

on other species meant they could not be includedea analysis.

The blue cod meta-analysis used data from fodiergiit New Zealand marine reserves.
One of these marine reserves was investigated atseparate time periods by two
different investigators. These two data sets weratéd as separate studies making the
total number of studies in this meta-analysis f(f@ble 5.2.). Where the data were
collected over a period of years, results were gobaind treated as one large data set. It
was sensible to do this because noticeable effectsiarine reserves do not occur
immediately and the data that were combined spaan@a@ximum period of five years.
Additionally, the data set collected in each ofsithyears was generally quite small and
collected over a very short time span (i.e. onekte®ne month). Each of these data sets
included data from the marine reserve itself amdddrresponding control area, to enable

a reserve versus a control comparison.
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Reserve Date of Study Investigator Report

Long Island- 1992-1997 Rob Davidson Davidson, 1997
Kokomohua

Te Angiangi 1995/1998/199¢€linton Duffy/ Debbie Freeman and

Tonga Island

Kapiti

Kapiti

Freeman
1994-1999 Rob Davidson
1999 Ali McDiarmid

1998-2000 Anjali Pande

Duffy, in prep
Davidson, 1999
Unpublished
data
This thesis 2001

The rock lobster meta-analysis used data from ifierdnt New Zealand marine reserves,

two of which were monitored at different times bffetent groups and were thus treated

as separate studies. This brought the total nummbryck lobster studies to eight (Table

5.3.). For these studies data were also pooledliéated over a period of years. These

data sets also included data from the reservetendadrresponding control area.
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Reserve Date of Studinvestigator Report

Long Island-Kokomohua  1992-1997 Rob Davidson Daigid997

Kapiti 1992-1999  Ali MacDiarmid Unpublished
data

Kapiti 1998-2000  Anjali Pande This thesis 2001

Tonga Island (abundance 1998-2000 Russell Cole Davidson,

only) Villouta, Cole
and Batrrier, in
prep

Cape Rodney-Okakari 1985 Ali McDiarmid MacDiarmid an

Point Breen, 1993

Cape Rodney-Okakari 1995 Ali McDiarmid Unpublished

Point data

Poor Knights 1995 Ali McDiarmid Unpublished
data

Te Angiangi 1998-2000 Clinton Duffy/ Debbie = Freeman and

Freeman

Duffy, in prep.

Both blue cod and rock lobster data sets were exaunior changes in abundance and

size. One rock lobster study (Tonga Island) ontwjated abundance data. This study was

therefore omitted from the size analysis.

The meta-analysis for both the abundance and sizevebs performed in three stages.

1) The studies were compared to determine if thereangignificant difference in terms

of the “effect sizes” offered by the different resss. (“Effect size” is a statistical

term. It is defined as the amount of change, ormtade of the effect, caused by the

reserve. This is measured by a standardised md&redce {in abundance or

size}between reserves and controls).

2) Where there was no significant difference in “effsize” among studies, the studies

were then combined to give an overall significaand “effect size”.

3) Where there was a significant difference in “effsize” among studies, the studies

were investigated for particular patterns that rhaye resulted in the difference. So
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called “focussed” tests were performed to see fifet® size” varies regularly with
North-South location (i.e. latitude) and age of tbgerve.

The calculations used were as follows:

For any particular study
Step 1

Hedge’sg was calculated by the formula:

g = X, — X, @)
S p

where:

S 2 = (n1—1)512+(n2—1)522 2)

P n,+n, -1

for which:
Abundance Size
x = Average number of individuals seen x = Average size of individuals
n = Number of transects n = Number of individuals seen

In both cases the subscripts 1= reserve, 2= control

s = standard deviation

Note that Hedge’'s computes the number of standard deviations diffexebetween the
reserve averages and the control averages (i.estdmalardised gain offered by the

reserve).

Thet-value is then calculated by the following formula:

)

VAT

3)
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This t-value is then used to compute thevalue, to allow the comparison of studies for

which the formula is:

- 2n,n,(n, + n, - 2)
(ny +n,)[t7 + 2(ny + n, - 2)] “

wheret, n; andn, are defined above.
Following this the test statisti is computed to compare the studies.
T = Z s W ( — _) 2 ()
C J =1 j g J g
where
S= number of studies
w; = w-value for study j (from equation 4)

g = g for study j (from equation 1)

and

S
g_:ijlegj (6)

whereS, w; andg; are defined as above.
The test statistic has g distribution with S-1 degrees of freedom, under thel

hypothesis of no difference in “effect size” amdhg reserves.

Step 2

In cases where there is no significant differemceeffect size”, it is sensible to combine
studies to obtain an overall “effect size” and gigance level. This is to find an “effect
size” for all these studies in general (i.e to wefihe magnitude of the effect the reserves

are having).
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Definingt; as the-value for study (from equation 3) an overall, weightedralue can

be obtained by

S

Wty

— Z j=1
w
\/Z Sj:1WJ'2

WhereS is the number of studies amglis a weight for study (we use the number of

y4

(7)

individuals in studyj for size data and the total area sampled {i.e. bemof transects x
area per transect} for abundance data) to deterrtiiee weight. Note the possible
confusion between the usewfas a weight in equation (7) and twevalue of equation

(4). However we keep this notation to match stasdexts on the subject.

The overall significance op-value is then obtained by compariag to the N(0,1)

distribution.

To obtain an overall effect a weighted combinatibiiedge’sg values is used, i.e.

S
> =1 W g (8)

Z T:le

Qw =

Whereg; is Hedge'g) for studyj (from equation 1) and is the weight discussed above.
The overall significance op-value is then obtained by compariag to the N(0,1)

distribution.

Step 3

The studies were ordered north to south to test forear decrease in “effect size” as one
moves south by using a focussed comparison (Tablg Fhis was to test the hypotheses
that reserves at northern latitudes have fastere mpmnounced responses to reservation
status. Many studies on marine reserves in thehNodicate marked respones (Babcock
et al., 1999, Kelly et al., 1999, Kelly et al., 200
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Table 5.4.Distances of marine reserves used in this metiygsiadrom the North Cape in

km.

Ordered N-S Distance from North Cape (km)
Poor Knights 140

Cape Rodney-Okakari Point 280

Te Angiangi 600

Kapiti 850

Tonga Island 900

Long Island-Kokomohua 930

A new test statistic for this “focussed” comparisen

S
2. A9, ©)

R

T

wherew; is the w-value for study (from equation 4) ang; is the Hedge'g for studyj
(from equation 1) and

S= number of studies

A = the following:

If Siseven -(S-1), -(S-3), ...... ,-3,-1,1,3,....35-(S-1)

If Sis odd -((S-1)/2),....:2,-1,0,1,2,...... ((S-1)/2)
So, for example, if there are 6 studies being ukeg would be numbered 1-6, 1 being
the northern most study and the 6 the southernmbsérefore, following theA
calculations for an even number of studi®gor study 1 would be —(6-1) = -5

A for study 2 would be —(6-3) = -3

A for study 3 would be —(6-5) = -1 etc.
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An equation used to describe these values would be:

(10 )
o= - (S + 1)
2
whereS = number of studies, where the number is ODD
And | = number of each study.
Where S is EVEN the formula is:
A=2j-S-1 @D

Note that the actual distances could be used tsteart theA coefficients but these
simple coefficients are preferred since they regmethe ordering of locations and may be
expected to be more robust. The test statiticas an approximate N(0,1) distribution

under the null hypothesis of no trend.

Since the northernmost reserve would always beysiudnd the southernmost reserve
would be study 6 — a positive or a negative tegistic would explain the direction of the

trend.

Tables 5.5. and 5.6. show the summary values ofdtita sets used in these meta-

analyses.
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Table 5.5 Summary of mean size and average abundance {peames from each reserve and their respectivaaicsites for blue cod.

Marine reserve Reserve Sample size al Reserve Sample size al Control Sample size a Control Sample size a

Mean size (cm)Std Deviation Mean number Std Deviation Mean size (cm)Std Deviation Mean number Std Deviation

(per nf) (per nf)
Kapiti 99 28.05 N=119 0.015 N=120 22.16 N=101 0.00868 N=104
SD=8.04 SD=5.13 SD=6.10 SD=4.5
Long Island 28.33 N=1566 0.064 N=963 26.59 N=1874 0.04267 N=468
Kokomohua SD=5.02 SD=3.73 SD=3.90 SD=2.57
93-97
Tonga Island 23.61 N=18 0.00082 N=5 23 N=25 0 N=0
93-00 SD=2.3 SD=0.26 SD=2.5 SD=0
Te  Angiang 22.35 N=121 0.0035 N=114 22.42 N=62 0.00234 N=62
95/98/99 SD=7.47 SD=2.97 SD=8.06 SD=1.91
Kapiti 98-00 24.86 N=149 0.0372 N=920 24.16 N=63 0.00864 N=214
SD=10.80 SD=10.8 SD=8.85 SD=3.51

All Reserves 25.44 0.0241 23.66 0.01247
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Table 5.6.Summary of mean size and average abundance {perhes from each reserve and their respectivaaicsites for rock lobster.

Marine reserve Reserve Sample size and ¢ Reserve Sample size and ¢ Control Sample size and ¢ Control Sample size and
Mean size (mm) Deviation Mean number Deviation Mean size (mm) Deviation Mean number Deviation
(per nf) (per nf)
Tonga Island 98-00 - - 0.0246 N=517 - - 0.0068 N=122
SD=2.31 SD=1.34
Kapiti 92-99 105.16 N=95 0.0135 N=100 93.85 N=74 0.0086 N=83
SD=36.10 SD=3.39 SD=31.49 SD=1.73
Cape Rodneypkakal 114.09 N=742 0.0796 N=796 89.02 N=305 0.0179 N=358
Point 1995 SD=26.69 SD=22.06 SD=20.99 SD=7.49
Cape Rodney 109.65 N=1178 0.0909 N=1363 85.38 N=391 0.0131 N=392
Okakari Point 1985 SD=34.52 SD=12.44 SD=28.11 SD=4.86
Poor Knights 1985 149 N=15 0.002 N=15 85.38 N=391 0.022 N=330
SD=15.02 SD=0.54 SD=28.11 SD=6.5
Te Angiangi 96-99 83.32 N=316, SD=17.4 0.01608 N8=37 78.7 N=237 0.0142 N= 284
SD=6.9 SD=18.03 SD=5.46
Kapiti 98-00 56.44 N=9,SD=14.99 0.0048 N=31 36.8 N=5 0.007 N= 46
SD=1.04 SD=15.21 SD=2.59
Long Island 23.3 N=54,SD=6.14 0.0183 N=55 26.7 N=30 0.03166 N= 30
Kokmohua 93-97 SD=1.81 SD=6.61 SD=2.66
All Reserves 91.56 0.0312 70.83 0.0152
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First a pictorial representation of the meta-analygs created by plotting a ‘measure’
(in this case average difference in size/abundafdbe target species) against a ‘time-
line” of a certain variable. The variables used eveeserve size, reserve age and
latitude(or distance from the North Cape.) (Tahlg)5

Table 5.7.Variables used in pictorial “time line” of marimeserves.

Marine Reserve Size (h&)ge of reserve at time oDistance from North
study (years) cape (km) (latitude)

Kapiti 2167 8/9 850

Long Island 619 4 930

Tonga Island 1835 3.5 900

Cape Rodney-Okakari 518 10/ 20 280

Point (CR-OP)

Poor Knights 2400 4 140

Te Angiangi 446 2 600

N.B. Where two ages are given — they are the afjfeeaeserves at the times of the two

different studies on the same reserve.

In these figures a positivevalue indicates that the marine reserve showeatgre
abundancel/larger average sizes than the corresgprdintrol area, and a negatite
value shows that the control area had a greaterdamece/average size. The error bars are
+2 SD.

The relevanP-values from the following calculations are dis@dyin table format with
the significance levels in the results section.aJsenvention is followed and tleelevel

0.05 is accepted as being significant.

5.3 Results

5.3.1 Graphics

5.3.1.1 Blue Cod
Figures for blue cod showed that there was no alsvicend in the effect of reserve size

(Fig. 5.1.), age (Fig. 5.2.) or latitude (Fig. 308 blue cod size, relative to each other.



142
However, in most cases the reserves supported bhaeecod of a larger size than at the
control sites. This is shown by positivevalues. The only exception to this is the reserve
at Te Angiangi which showed a low negativealue in all cases. All the reserves had
positivet-values when measuring the effect of reserve sige,and location on blue cod
abundance (Figures 5.4.-5.6.). This indicates that reserves do support a greater

abundance of blue cod than control areas.

Fig. 5.1.Reserve size as a variable for effects on bluesczal
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Fig. 5.2.Age of reserve as a variable for effects on bhokgize.
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Fig. 5.3.Location of reserve as a variable for effects lue lcod size.
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Fig. 5.4.Reserve size as a variable for effects on blueatomhdance.
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Fig. 5.5.Age of reserve as a variable for effects on bhetabundance.
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Fig. 5.6.Location of reserve as a variable for effects lue lzod abundance.
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5.3.1.2 Rock Lobster

Rock lobster showed slightly different results fréhose of blue cod. Cape Rodney —

Okakari Point (CR-OP), showed the most positivelltes.e biggest difference between

the reserve and control sites). For all the mareserves, there were no obvious trends

for reserve size, however there was an indicatibra arend from north to south in

location (ie the further north the reserve is thggér the effect on lobster size and

abundance.) In general, reserve sites supportegerlatock lobsters and in greater

abundance than the control sites, the only exceptieing Long Island-Kokomohua

marine reserve. Generally, the effect was seen dopbsitive by the positive-
values.(Figs. 5.7.- 5.12.).

Fig. 5.7.Age of reserve as a variable for effects on rotister size.
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Fig. 5.8.Reserve size as a variable for effects on rocktéatsize.
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Fig. 5.9.Location of reserve as a variable for effectsarkdobster size.
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Fig. 5.10.Age of reserve as a variable on the effects ok Iauster abundance.
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Fig. 5.11.Size of reserve as a variable for effects on tobkter abundance.

t-value
-10 -5 0 5 10 15 20

Size of Reserve (ha)




147

Fig. 5.12.Location of reserve as a variable for effectsarkiobster abundance.
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5.3.2 Comparing Sites
The second step in this meta-analysis was a safrieaculations to test for differences in
“effect size” among reserves for each of the tagpelcies. This was done for both size

and abundance of the target species.

Table 5.8 Comparison of “effect size” of marine reserves.

Degrees of Freedom Tc-value  P-value SIig/INS

Blue cod abundance 4 1.49112 0.833 NS
Rock lobster abundance 7 110.0086 <0.0001 Sig***
Blue cod size 4 21.97481 0.000202  Sig***
Rock lobster size 6 111.6829 <0.0001 Sigr**

*denotes level of significance

5.3.2.1 Blue cod abundance

The comparison amongst reserves (Table 5sBQws that there is no significant
difference in the effect that each reserve is hgavelative to the other reserves.(i.e no
single reserve has significantly more blue cod thag other). As a consequence the

overall Tc-value is positive, which indicates that reserves la@aving an overall positive
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effect on blue cod abundance, compared to contealsa The result for each individual
reserve is positive (see Figs. 5.4.-5.6.). Thisaeen by the fact that each individual
reserve also has a posititrealue.

5.3.2.2 Blue cod size

There was a significant difference among the efféleait individual reserves are having

on average size of blue cod (Table 5.8.). Thiscatds that some reserves are having a
significantly greater effect (i.e have significantarger individuals) than other reserves.
Although most reserves have resulted in an increebkie cod size (Figs. 5.1.-5.3. show
mostly positivet-values) the size of the effect that each reserve is hasrgignificantly
different. TheT, -value is positive so the effect across all stsidsepositive compared to

control areas.

5.3.2.3 Rock Lobster
For rock lobster the effects that reserves arengawan both abundance and size are

significantly different relative to each other (Talb.8.) This means that some reserves
are showing a markedly different effect to the otteserves in both abundance and size

of rock lobster present in the reserve.

Despite showing significant differences amongstréserves — th&:-value is positive in
both cases, which suggests an overall positivecteffesizes and abundances found in

marine reserves as compared to controls.

5.3.3 Combining results

Since the comparison of effects of marine resenredlue cod abundance showed no
significant difference in “effect size”, results mgecombined as per the methods in
equations 7 and 8. This serves to give an overgtiifscance to the effect that marine

reserves in general are having on blue cod abueddarnis test cannot be applied to the
other variables because there was a significafdrdrice in the effects that the individual

reserves were having.
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Table 5.9.Combined results for blue cod abundance

Zw P-value g,

5.222 0.0987 0.3408

This z, is compared to the N(0,1) distribution.
TheP-value of 0 .0987 is significant at the 10% leved ¢ =0.10) only.

The weighted Hedge’g value indicates that there is an overall diffeeen€ 0.3408 std
deviations between reserve and control sites. Sime@&.-value for blue cod abundance
was positive in Table 5.8., this indicates thas tisia positive difference (i.e. the marine
reserves have a greater abundance of blue cod)eWowit is borderline statistically

significant at the 10% leveti(=0.10) and non significant at the 5% lewel<0.05).

5.3.4 Focussed comparisons

A further test was performed in the form of a famg comparison. As there was
indication of a trend from north to south (latityidespecially for rock lobster, the effect
of this variable on marine reserve “effect size"swiasted. Calculations test for a linear
decrease in “effect size” with increasing distaricem North Cape as described in
equation 9. Thus the null hypotheses being testdtiat “there is no change in “effect

size” with increasing distance from North Cape”.

Table 5.10.Results for a focussed comparison to test fortimuthnal trend (decreasing
effect further south) in “effect size”.

P-value Tk-Value  Sig/NS

Blue cod abundance 0.5927  0.234628 NS
Blue cod size 0.9950 2.576662 Sig
Rock lobster abundance 0.0035  -2.69948  Sig
Rock lobster size 0.0000 -8.19878 Sig

5.3.4.1 Blue Cod

Results for blue cod abundance were not signifigasitating no latitudinal trend. Blue

cod size, however, showed a significant resulticetithg that the southern reserves may
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support blue cod of a larger average size (A pasitest statistic indicates the direction of

the trend is increasing to the South).

5.3.4.2 Rock Lobster

Rock lobster abundance and size data produced raficagpt result, indicating the

presence of a latitudinal trend. Both results haegative values indicating a trend to the
North (i.e that the northern reserves support bogheater abundance and a larger average
size of rock lobster than southern reserves). @giees with the pictorial representation
of lobster sizes, which indicated a trend for iasiag effect on lobster size as one moved

further north. This resulted is supported by thelgeesg-values.

The possibility that these results are biased lyfélat that Cape Rodney-Okakari Point
(i.e it is known to show a very large effect ondtdr abundance and size (MacDiarmid
and Breen, 1992)) was tested. The calculationthidfocussed comparison were repeated
without the data from each marine reserve in ttwndetermine whether the data from
Cape Rodney-Okakari Point were skewing the res@gdculations done without each
reserve showed that excluding both Cape Rodney-&k&bint and Long Island had non
significant results for lobster abundance, indmgti that both these reserve
disproportionately influence the outcome. For rdckster size the result was always

significant irrespective of which reserve was egeld.

5.4 Discussion

5.4.1 Blue cod

Comparisons of the “effect size” of marine resergd®wed that typically reserves
supported more blue cod than control sites. Thisesn in the pictorial representation
where all the individuat-values were positive. The comparison of “effezest among
reserves for blue cod abundance also had a poditivalue {[[:=1.49), indicating that
reserves generally support more blue cod than tralarea. Thd>-value P= 0.833) for
the tests comparing “effect sizes” of each resemas not statistically significant at the
0=0.05 level. This shows that there is no differeramaong reserves, on the effect they
are having on blue cod abundance. Looking at tvedicta (Table 5.5.) this seems to hold
true. This indicates that reserves in New Zealaral leaving the desired effect of

increasing abundance of blue cod.
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Because there was no significant difference betwedfacts of different marine reserves
on blue cod abundance, these results were combongigtle an overall significance to the
effect of marine reserves on blue cod abundancenb@ung the results for blue cod
abundance gave R-value of 0.0987. This is significant at the 10%ele(i.e a=0.10).
Normally statistical significance is indicated byPavalue of less than 0.05 (i.e. there is
only a 5% likelihood that such an extreme resuttuoed merely by chance). This result
is significant at the 10% level and could well beldgically meaningful (i.e suggests a
genuine effect), even if it is not a common protdoo statistical analyses. As established
from the previous calculations this result is gesit(i.e. marine reserves show greater

abundance of blue cod than control areas).

The pictorial representation of comparisons of lilad size within reserves also showed
that in most cases thevalues were positive, indicating that the resemveas in most
comparisons did support larger blue cod than thetrob areas. The reserve at Te
Angiangi (on the central east coast of the Nortand of New Zealand) was the only
exception to this. It actually showed low negatiwalues, consistent with the raw data
(Table 5.5.). This negative result may be explaibgdhe fact that where blue cod were
sampled at the Te Angiangi reserve, there wasleehigpan normal proportion of juvenile
fish recorded (Freeman, 1999). This pulse in jueeih may have masked any increase
in the size of adult blue cod that might be ocawgrat Te Angiangi marine reserve. Te
Angiangi marine reserve is one of the most receggtablished marine reserves and may
not yet be showing a detectable response to regmmvatatus. It is possible that
difference in species size and abundance betwessrviee and control sites may not
become apparent for several years. For examplejdBav (1997) did not record a
significant increase in blue cod abundance in Lisignd-Kokomohua marine reserve
until four years after it's establishment. The istatal comparison amongst marine
reserves found that there was a significant diffeeebetween the effects that reserves
were having on average size of blue cod (i.e. thatmagnitude of the effect that each

reserve was having on blue cod size is different).

5.4.2 Rock lobster

For rock lobster size the effect of marine reseiwas also positive overall. The graphical
depiction showed that all reserves had posithv@lues with the exception of Long
Island-Kokomohua Marine Reserve. The raw data @&b6.) indicate the same. The

comparison amongst reserves showed significantfierdnt “effect size”’s (i.e. the



152
magnitude of the effect that reservation statubaging on rock lobster abundance is
different in each reserve), but tigvalues were positive, indicating that the New Zadl
marine reserves in this analysis typically had dangck lobsters than control areas, but
because there are significant differences amortgst reserves, no overall significance

level can be attributed to this “effect size”.

The figures for rock lobster abundance showed ammsults to the rock lobster size
data. Most reserves had positivealues with the exception of Long Island-Kokomohua
reserve and also the Poor Knights marine resertie. more recent Kapiti study also
showed low negativevalues. This agrees with the raw data as seenabie5.6. These
results might be explained by the fact that Lorignd-Kokmohua marine reserve shows
an abnormally low number of lobsters compared foeotreserves. Davidson (1997)
suggested that this may have been due to two reaBostly the author stated that much
of the reserve was characterised by habitat urnsdaifar sustaining large populations of
crayfish. The “rubble bottom” habitat is composddimall broken boulders and cobbles
interspersed with soft sediment (i.e shell and sa®econdly, Davidson (1997) stated that
for the areas where good rock lobster habitat edjsthe lack of any increase in size or
abundance, may have been due to separation ofsthedi marine reserve from the
mainland (i.e. separation of nearly 2 km).

The other marine reserves where increases in oixkdr abundance and/or size occurred
have considerable areas of habitat regarded asbtaiifor rock lobsters and are
contiguous with the mainland of New Zealand. Thgatie t-value for Long Island-
Kokomohua also indicates that the control areas Hagher numbers of rock lobsters
than the reserve. In any case where a reservearig bempared with a control area, the
habitat of the two areas needs to be identical.esiomes it is extremely difficult to find
areas of identical habitat both within and outdide reserve. If the control area that is
being compared with the reserve is in fact bettdgitat for rock lobster than the reserve

itself, this would also lead to a negativealue.

The data from the Poor Knights Marine Reserveamfi985, which is now 16 years ago
(the reserve was established in 1981). Should mewent data be used for this type of
analysis the results might well be different ageheas been a long time for rock lobster
abundance to show a response to reserve implenuentht the case of the more recent
Kapiti study, the fact that it showed a low negatiwalue, whereas the previous study
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was positive is likely to be due to the differemeesampling methodology. A larger area
was searched for rock lobster in the previous stadyg also deeper depth strata.
Recreational fishermen have often remarked thaemock lobster are found at deeper
depths than those in which the more recent survay garried out. Also, rock lobster

have been shown to undergo marked seasonal degiges (MacDiarmid, 1991).

5.4.3 Trends in “effect size”

Testing the effect of latitudinal location of maimeserve by means of the focussed
comparison confirmed that there was an associdi@giween latitude and “effect size”.
Blue cod size data showed a significant trend mithg that there are larger blue cod in
the southern reserves. However this meta-analgdiscking data for blue cod from the
northernmost reserves and perhaps this causecs$h# to be skewed by the data from
Long Island-Kokomohua Marine Reserve where incraaseod size and abundance
within the reserve is highly significant (Davidsdr995).

Data for both rock lobster size and abundance st@igmificant trends towards the north
(i.e. that there are larger and more abundanceaK lobster in the northern than the
southern reserves). Tests for latitudinal trendeewepeated without each reserve in turn.
Excluding both Cape Rodney-Okakari Point Marine éRes and Long Island Marine
Reserve showed non significant results for thedifen lobster abundance (i.e. there was
no indication of a trend associated with latitud€he fact that the trend was non
significant when excluding Long Island Marine Resgreven though previous data had
shown this reserve to have a negative effect ok laaster abundance, might be due to
the fact that excluding the negative effect of treserve made the mean difference
amongst the other reserves less significant. Tlokusion of Cape Rodney-Okakari Point
Marine Reserve showing a non-significant resultsdaalicate that the very strong

positive effect of this reserve biases the trem¢htds the north.
The differing ages of the marine reserves may atstfound the results found while
testing for trends associated with latitude, howewéhout access to data from each

marine reserve at a certain age, this is not easliyable.

5.4.4 General discussion

This is the first published meta-analysis on thiea$ of marine reserves. This should
only be seen as a snapshot of what could potgntiel achieved with meta analysis
techniques, but in summary this meta-analysis shthas for the two selected key
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species, blue cod and rock lobster, marine reseémisw Zealand generally appear to be
supporting higher average densities and sizes edetlspecies than control sites. The
power of the tests in this investigation was undblbe determined, however, the results
still imply that marine reserves generally showaegér average abundance and size of

these species than controls.

This is encouraging given that this is the firshei the importance of marine reserve
effects has been demonstrated via meta-analysisttatda positive effect was found

despite the small number of studies used. Sevétakanarine reserves used in this meta
analysis have only been implemented fairly recergty this result also implies that a
positive response to reservation status can beiseerelatively short time.

There are indications for trends in the relativiedfveness of these reserves depending
on certain factors. For example, if the reservathtls suitable for the target species, the
reserve is more likely to have a significant impact this species. Size, design and
location of the reserve could affect the effecte®nof the reserve. There may also be an

effect related to island vs mainland reserves.

Benjamin Halpern (2000) has tried to address tiessess with an in depth review of 89
‘no take” marine reserves from around the world. féend that the diversity of
communities and the average size of the organiamasreserve are between 20 and 30%
higher relative to control areas regardless ofsilae of the reserve. He suggests that the
relative impacts of reserves are independent @rvessize, however larger reserves lead
to larger absolute differences. These findings veased on a review of published data.
This indicates the potential that a meta-analysis to provide even more concrete
evidence, and maybe provide some answers aboutrésstve design. However, to
determine optimal design, the final goal of the imareserve must be kept in mind.

Implementation of reserves has always been judtifie many reasons such as research,
conservation and management purposes. The valwmarfe protected areas, particularly
reserves, and the importance of gaining informabancoastal marine environments is
being recognised by both politicians and scientistse than in previous years (Attwood
et al., 1997a, Kingsford and Battershill, 1998, Qmr et al.,, 2000). If meta-analyses

such as these can confirm the positive effectseskenvation then the use of marine
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reserves as management tools both for fisheries camdervation may gain greater

importance.
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GENERAL DISCUSSION
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CHAPTER 6 — GENERAL DISCUSSION

6.1 Summary of findings
The present investigation aims to address techeituevaluate marine reserves and their
effects on the inhabitant biota. It addresses itiygortance of baseline surveys before the

implementation of marine reserves and the rolertaine reserves play in conservation.

In the literature there are many examples of stuttigng to assess the effects of marine
reserves, that are located in many different caemtand with varying habitats. The
effects the marine reserves have had on their itdrabspecies also vary. A large
proportion of studies deal with marine reservescoral reefs. Those that have been
mentioned in this thesis are but a few, namelyBaebados Marine Reserve (Chapman
and Kramer, 1999), Exuma Cays Land and Sea PatkarBas (Chiappone and Sealey,
2000), The Hol Chan Marine Reserve in Belize ane 8aba Marine Park in the
Netherlands Antilles (Roberts, 2000), The Mombasariide National Park in Kenya
(MacClanahan, 1994) and Apo and Sumilon Island Resen the Phillipines (Russ and
Alcala 1996). These have all been shown to havatgréiomass, greater productivity
and more larval export or increased abundance efisp in the reserve than control
areas. Fewer studies have been conducted on maseeves on temperate reefs, but
those that have, have also shown responses sitoiline reserves in more tropical
locations. Striking changes have been shown tordeoth in the Cape Rodney-Okakari
Point Marine Reserve in Northern New Zealand (Bakcet al., 1999) and the Maria
Island Marine Reserve in Tasmania (Edgar and Bat@9) both of which have been

discussed in this thesis.

However, one thing that all these studies had mmon was the lack of baseline data.
Conclusions made about the effect that these resdrave had on the inhabitant species
was based on comparisons between control and eesiées, and in some cases differing
time periods after establishment of the reserve. durrent investigation is an example of
why baseline data is important when measuring s¥eess of a marine reserve and is to
date, to my knowledge, the first real baseline skttaollected before establishment of a
marine reserve (i.e. for the Taputeranga MarineeR&3. This data will be invaluable for
comparisons made to data collected in the futumealysing the data in the present
investigation has shown that there are intrinsiffecknces (i.e. an environmental
gradient) along a contiguous stretch of coast (#edlington south coast), which must be
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quantified and taken into account to determine“thserve” effect as measured at a later
date. The present investigation also determinetittteasampling methodology used for
data collection, was, in most cases, adequatetezidany change that might occur on the

south coast (for example after reservation).

The portion of this investigation that examinesrgdes in an established marine reserve
shows that baseline data alone is not enough toa#iue estimate of a “reserve” effect,
but that the baseline data must be of a suitabéntijy, that the power to detect any
change occurring in the future is high enough @mtistically the power of the data
should be at least 80%). There was a small amdutdta available for the Kapiti Marine
Reserve before it had gained reservation statuasieMer, comparisons between this data,
and that collected in the present investigation md detect any significant changes,
despite the fact that the reserve and control coisga from surveys collected in the
current study did show evidence of increased spesiee and abundance inside the
reserve. From the literature, this is the type ltdnge that is to be expected in a marine
reserve. Therefore, this study of a temperate raam@serve confirms the findings that
marine reserves do have a “positive” effect on thkeabitant species. This also
demonstrates the importance of temporal comparjsasgesults from reserve versus

control comparisons can be confounded by pre-exjstabitat differences.

A new method for assessing the effectiveness ofinmareserves was trialled in the
present investigation. Most reviews (Creese ani$,JE992, Jones et al., 1992, Allison et
al., 1998, Garcia-Charton and Perez-Ruzafa 19989)uifiple marine reserves have been
of the narrative type and collating and comparieguits from the marine reserves
investigated. Halpern (in press) has performedaaepth review of 89 ‘no-take’ marine
reserves, but this was also not a true mathematnegh-analysis. The meta-analysis
performed in the current investigation used tragigical methods to confirm that the six
New Zealand marine reserves used in this analysie all showing an increase in blue
cod and rock lobster size and abundance. Althoundy performed on a small subset of
marine reserve data, it has been shown that a ametigsis could be a useful tool to
investigate effects of marine reserves world oty associations between “effect size”
of the reserve and other factors (such as halvgagrve size and location) can also be
tested. If baseline data had been available foesttblished marine reserves, then data
from the reserve at a certain age could have besed for an analysis such as this, thus
ensuring that the differing ages of marine resetested did not confound the results.
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6.2 Suggestions for future studies

The current legislation in New Zealand means mamserves are established mainly for
scientific reasons. Overseas, marine reserves #Hem @reated as a fisheries tool.

Although on its own a marine reserve is not enotaghnsure protection against fishing

stock depletion it is considered a valuable parisiferies management (Conover et al.,
2000). Legislation in New Zealand may change tooammass protection of a depleted

fishing stock as a reason to establish marine vesein this case, it would be even more
important that detailed information be gatheredtanbiota of the area, especially species
impacted by fishing, to maximise benefit gainednfra protected area. More detailed

information leads to better informed decisions dlveserve location and size.

Additionally, Jennings et al. (1996) suggested riked to include collection of habitat
data in order to reduce unexplained variance astautivith visual censuses. Since visual
census is the commonly accepted way to performetinesnitoring surveys, it is likely

that some biases will arise from correlations betwepecies surveyed and natural

environmental factors.

| believe that, currently the monitoring protocofsmarine reserves in New Zealand do
not take environmental variables into account. Asway to determine whether
environmental factors are affecting the resultsnthuthese should also be monitored.

Gathering information on abiotic factors would imshcases, be simple. For example;

. Data on water temperature, depth and current gittenan in most cases be
recorded from a depth sounder/GPS (Global Positgp8iatellite) on board a boat.

. Current direction can be noted with a buoy in Weder. The direction that the
diver performing counts is swimming in, should abs®noted, as this in relation
to current direction may show some patterns. {i.ésh tend to swim into the
current then a diver swimming with the current vale more fish than a diver
swimming into the current, as fish coming from behthe diver are not usually
counted in visual census techniques). Some indicaif this type of pattern has
been observed at the Long Island-Kokomohua MarieseR/e (R. Davidson,
pers.comm.).

. Water clarity can be recorded from a boat witheachi disc. Water clarity has
been shown to affect fish behaviour (Willis and Badk, 1997).
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. Salinity and dissolved oxygen can be measurell edlibrated meters.
. Particulate matter and chlorophyll content caraggessed in water samples from
each site. This would provide some information dbouwtrient content of the

water and primary productivity.

Subsequently, performing ANCOVA analyses or MDS imatlons with these

environmental variables and count data of varigpscies surveyed may show some
correlations or patterns in their distribution. Bamarine reserve is in a different
environment, and different factors specific to treaea may be affecting species
distribution and abundance (e.g. as has been deeiin the present investigation there
is an environmental gradient present on the soadistcand this gradient could be due to a

number of factors such as current strength, wapesxe and/or nutrient levels).

Another factor that may affect results of monitgrsurveys is the time of day when the
survey is carried out. Mobile species may behavieréntly at varying times of day,
perhaps feeding at certain times and remaining ticryguring other times. Ideally,
surveys should be carried out at the same timeagf dut since this is unrealistic,
recording the differences may allow any trends thast to become evident. One should
consider the merits of nighttime fish counts, diktics allow it. It is likely that some fish

species are mainly active at night and would raifedyer be sighted during the day.

Just as Hockey and Branch (1997) have suggestedR2®M (Criteria and Objectives
for Marine Protected Area Evaluation) for marinetpcted areas in South Africa, |
would like to suggest a national monitoring profofar marine reserve monitoring in
New Zealand based on my findings in the currenestigation. COMPARE is aimed at
helping with decision making involved in proclairgimarine reserves, and is therefore a
guideline at management level, different from aamatl monitoring protocol which is a
guideline at fieldwork level, and would come intayas soon as a reserve proposal is

conceptualised.

This could be useful as most political parties ro@ aiming at protecting 10% of New
Zealands coastline, and therefore it is to be ebgoethat more marine reserves will soon

be implemented. Suggestions are as follows:
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2)

3)

4)

5)

6)
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A baseline study needs to be conducted as sodreaspplication process starts, over
a minimum of three years, with 4 surveys per yéais (is at least one survey per
season, i.e. every three months).

An initial survey consisting of video transects doantify percent algal cover and
describe habitat should be untertaken. This alsstaswith familiarising whomever is
conducting the survey with the area, and allows ithentification of some key

species.

Key species monitored should always include rotister and blue cod, since there is
much data nationally already available on theseisp€if the habitat is unsuitable to

use these species as key species, they shoulbestdicorded whenever sited).

Multiple sites should be surveyed inside and oetdite proposed reserve area to
provide for likely boundary changes. Where possitbfterent depth strata should be

monitored (dependent on habitat).

Start with 9 fish transects (surveying all reehjis6 invertebrate transects (Black foot
paua, kina and crayfish (which should be sized sexad)) and 20 algal qudrats per
site. After initial surveys, conduct power analyaisd then adjust sampling regime
accordingly. This must be the best compromise abbalto allow for a multi species
survey. (This methodology will require several ied divers, or longer periods of
settled weather). These suggestions for transeuobars are based on the sampling

methodology used in the current investigation.

Collect data on: sea surface temperature, curtegrigth and direction (and direction
that diver performing visual censuses is swimminggter clarity, chlorophyll
content, particulate matter, depth of transectse tof day, height and state of tide

should be recorded.

7)Analysis of data could include: correlation anadys\NOVA, ANCOVA and MDS to

test for differences between sites and then sulesglyubetween reserve and control sites

for each species, and also between time period#)eifsame monitoring protocol is

continued after reserve establishment.
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A national monitoring protocol such as this woullbwa meaningful comparisons within
reserves on a temporal scale, to isolate resemseiydabitat effects as much as possible.
It would also allow comparisons between reservasavimeta-analysis which would not
be confounded by differing reserve ages, if dataviilable at each reserve, at all times

before and after reservation.

Video surveys were suggested as they could befalusel in baseline (and follow up)
surveys as it is an easy and quick method by wbighcan accurately describe the algal
communities in any given area. This especially,lddae a way to compare potential
reserve sites with potential control sites, in otteestablish the similarity of the areas (in
terms of percent algal cover), before quantitathn@nitoring begins. It would aid in site

selection.

Willis and Babcock (1997) observed that althougls thype of methodological
standardisation is the ideal, it does not necdgsprovide the best data for multiple
species, and that ideally a species by speciepagprshould be used. However, this is
expensive and time consuming. In order to gathfrimation on a whole assemblage of

species, a cost-effective compromise such asdipsobably the best solution.

The study area itself and its characteristics wi#termine to a large degree how
intensively an area can be monitored. If inclemeeather and bad diving conditions are
likely then a monitoring regime that is intenseatthan be applied in short windows of
opportunity, is vitally important. If an area hastde weather patterns and good diving

conditions then more detailed data can be collected

The monitoring protocol | have suggested takes adocount logistical difficulties, and
based on the data | have been able to collect glutie course of the present
investigation, | think it is feasible to carry dbis type of survey.

6.3 Specific Conclusions

» There is an east to west environmental gradiensgoteon the south coast of

Wellington.
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» Following the methodology used for monitoring oé teouth coast of Wellington in
the current study, the following species shouldubed as indicator species on the
south coast:

Blue moki

Black foot paua

Yellow foot paua

Kina

Eckionia radiata

Additionally Carpophyllum flexuosum should be monitored.

» Commercial species that should be monitored onstheh coast of Wellington but
where the methodology used in this thesis needg sajustment are:

Rock lobster (transect number should be increasé&d size data should be collected
also).

Red moki (transect number should be 18).

Blue cod, butterfish, trevally and tarakihi (tracseumber needs to be 27 to bring the
power to 80%. 27 transects may be infeasible, buatitainly indicates a need for
increase in sampling effort to detect changes @séhspecies, which are all prone to
fishing pressure. However, continued monitoringravee may show the power to
increase, if their abundance is increasing).

» The same sites on the south coast of Wellingtamsad in this investigation should be
monitored. When the reserve is implemented, maes shay be added (inside or
outside the reserve as necessary) to balance sanaasign.

» The Kapiti Marine Reserve is increasing averageispeabundance, but results may
be skewed by Arapawaiti Point, therefore more resemd control sites should be
monitored in the western reserve section.

» Following the methodology described in this the#ii® following species should be
monitored at Kapiti Marine Reserve as indicatorcsgse
Blue cod
Butterfish
Kina
Black foot paua
Rock lobster (additionally size data should be emi#d, and more depth strata
surveyed if possible).

» Meta analysis techniques can be applied to maeserve data, and from the New
Zealand data it has been applied to here, one@aciude that in the case of blue cod
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and rock lobster marine reserves are having aipesffect. The meta analysis also

shows some indication of a latitudinal trend.
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APPENDIX ONE

Graphs of Algal Damage at the 8 sites on the Wgltin South Coast. Each error bar
represents one standard error.

Fig. 1. Proportions of different types dEarpophyllum maschalocarpum damage at
Barretts Reef at each survey period.
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Fig. 2. Proportions of different types dEarpophyllum maschalocarpum damage at
Breaker Bay at each survey period.
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Fig. 3. Proportions of different types ofarpophyllum maschalocarpum damage at
Palmer Head at each survey period.
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Fig.4. Proportions of different types o€arpophyllum maschalocarpum damage at
Princess Bay at each survey period.
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Fig. 5. Proportions of different types @arpophyllum maschal ocarpum damage at Red
Rocks at each survey period.
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Fig. 6. Proportions of different types ofarpophyllum maschalocarpum damage at
Sinclair Head at each survey period.
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Fig. 7. Proportions of different types @arpophyllum maschalocarpum damage at The
Sirens at each survey period.
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Fig. 8. Proportions of different types @arpophyllum maschalocarpum damage at the
Yungh Pen at each survey period.

Carpophyllum damage at the Yungh Pen
60

50 T

T OFronds
Enone

30

Count

20

10 - T TT
LM I BN N I I
S-1998- S-1998- S-1999- S-1999- S-1999- S-1999- S-1999- S-2000- S-2000- S-2000- S-2000-

1 2 1 2 3 4 5 1 2 3 4
Survey




179

Fig. 9. Proportions of different types &cklonia radiata damage at Barretts Reef at each
survey period.
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Fig.10. Proportions of different types &cklonia radiata damage at Breaker Bay at each
survey period.
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Fig. 11.Proportions of different types &cklonia radiata damage at Palmer Head at each
survey period.
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Fig. 12.Proportions of different types &cklonia radiata damage at Princess Bay at each
survey period.

Ecklonia damage at Princess Bay
80

70

60 1 OFronds
50 1 HEnone
40 1 O Stipe
30

20

10

lr 11w i i

S-1998- S-1998- S-1999- S-1999- S-1999- S-1999- S-1999- S-2000- S-2000- S-2000- S-2000-
1 2 1 2 3 4 5 1 2 3 4
Survey

Count




181

Fig. 13. Proportions of different types d&cklonia radiata damage at Red Rocks at each
survey period.
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Fig. 14. Proportions of different types dicklonia radiata damage at Sinclair Head at

each survey period.
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Fig. 15. Proportions of different types @cklonia radiata damage at The Sirens at each

survey period.
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Fig. 16. Proportions of different types dcklonia radiata damage at the Yungh Pen at
each survey period.
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Fig. 17. Proportions of different types @fessonia variegata damage at Barretts Reef at
each survey period.
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Fig. 18. Proportions of different types dfessonia variegata damage at Breaker Bay at
each survey period.
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Fig. 19. Proportions of different types dfessonia variegata damage at Barretts Reef at
each survey period.
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Fig. 20. Proportions of different types dfessonia variegata damage at Princess Bay at
each survey period.
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Fig. 21. Proportions of different types dfessonia variegata damage at Red Rocks at
each survey period.
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Fig. 22. Proportions of different types dfessonia variegata damage at Sinclair Head at
each survey period.
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Fig. 23.Proportions of different types afssonia variegata damage at The Sirens at each
survey period.
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Fig. 24.Proportions of different types &fessonia variegata damage at the Yungh Pen at
each survey period.
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APPENDIX TWO

Summary statistics

Table 1: Average count (per fhof each fish species at each site on the Sou#lst@d Wellington at each site, with standard efse).

Species (av. per Sq m) | Barretts Reef | Breaker Bay | Palmer Head | Princess Bay | Red Rocks |Sinclair Head | The Sirens | Yungh Pen

Spotty 0.03911 0.06182 0.02820 0.01762 0.01228 0.00921 0.01576 0.01067
se 0.01276 0.02228 0.00665 0.00404 0.00224 0.00198 0.00392 0.00217
Banded Wrasse 0.01624 0.00582 0.00840 0.00602 0.00703 0.00840 0.00501 0.01013
se 0.00391 0.00103 0.00156 0.00126 0.00102 0.00180 0.00072 0.00190
Blue cod 0.00311 0.00190 0.00231 0.00597 0.00196 0.00648 0.00356 0.00216
se 0.00133 0.00063 0.00077 0.00342 0.00033 0.00361 0.00058 0.00043
Blue moki 0.00111 0.00365 0.00400 0.00190 0.00409 0.00227 0.00329 0.00286
se 0.00022 0.00109 0.00225 0.00056 0.00070 0.00052 0.00068 0.00103
Butterfish 0.00356 0.00193 0.00344 0.00853 0.00190 0.00454 0.00317 0.00792
se 0.00106 0.00042 0.00072 0.00677 0.00041 0.00128 0.00102 0.00300
Butterfly Perch 0.00178 0 0 0 0 0 0 0
se 0 0 0 0 0 0 0 0
Copper Moki 0 0.00089 0 0 0 0 0 0
se 0 0 0 0 0 0 0 0
Girdled wrasse 0.00089 0.00415 0.00489 0 0 0 0.00089 0.00533
se 0 0.00165 0.00400 0 0 0 0 0.00444
Jack mackerel 0 0 0 0 0.01067 0 0 0.11111




se 0 0 0 0 0 0 0 0.06667
Kawhai 0 0 0 0 0.04444 0 0 0
se 0 0 0 0 0 0 0 0
Leatherjacket 0.00089 0.00415 0 0.00133 0 0 0 0
se 0 0.00180 0 0.00044 0 0 0 0
Marblefish 0.00089 0 0.00119 0.00089 0.00089 0.00178 0.00089 0.00200
se 0 0 0.00030 0 0 0.00051 0 0.00067
Maori Chief 0 0 0 0 0.00089 0 0 0
se 0 0 0 0 0 0 0 0
Parorae 0 0 0 0.00178 0 0 0 0
se 0 0 0 0 0 0 0 0
Pigfish 0 0.00089 0 0 0 0 0 0
se 0 0 0 0 0 0 0 0
Red Banded Perch 0 0.00089 0.00089 0 0 0 0 0
se 0 0 0 0 0 0 0 0
Red Cod 0 0 0 0.00267 0 0.00089 0.00089 0
se 0 0 0 0 0 0 0 0
Red Moki 0.00178 0.00089 0.00244 0.00089 0.00107 0.00133 0.00122 0.00133
se 0 0 0.00128 0 0.00018 0.00044 0.00016 0.00026
Scarlet Wrasse 0.00356 0.00244 0.00178 0.00196 0.00343 0.00284 0.00222 0.00394
se 0.00267 0.00065 0.00049 0.00033 0.00180 0.00065 0.00057 0.00102
Scorpionfish 0.00178 0 0 0 0.00089 0 0 0
se 0 0 0 0 0 0 0 0
Sweep 0 0.00978 0.00622 0 0 0 0.01778 0.00711




se 0 0 0.00267 0 0 0 0 0.00622
Tarakihi 0.00089 0.01800 0.00178 0.00178 0.00178 0.00089 0.00133 0.00111
se 0 0.01511 0 0 0.00063 0 0.00044 0.00022
Trevally 0.00119 0.00244 0 0.00089 0.00089 0.00107 0.00444 0.03052
se 0.00030 0.00128 0 0 0 0.00018 0.00161 0.02963
Yellow eyed mullet 0 0.17778 0 0 0 0 0 0
se 0 0 0 0 0 0 0 0

Table 2: Average size (cm) of each fish species for whizh was recorded at each site on the South Cod¥etington, with standard error (se).

Species (av.size (cm)) | Barretts Reef | Breaker Bay | Palmer Head | Princess Bay | Red Rocks |Sinclair Head | The Sirens | Yungh Pen
Banded wrasse 23.53116 26.48128 24.66239 22.82850 19.50018 22.46434 20.34697 22.31432
se 1.58523 1.60853 1.49148 2.18640 2.14602 2.61865 1.22961 2.36076
Blue cod 14.50000 24.26190 24.26667 28.34975 26.50000 23.38479 22.52708 23.34524
se 4.50000 1.36270 2.87885 3.08859 4.38178 4.50898 1.31476 3.32053
Blue moki 28.25000 23.48291 21.25000 26.75000 27.16381 22.67222 23.25488 24.25926
se 6.23665 2.81744 1.25000 4.24159 2.08201 3.59213 1.34531 1.40748
Butterfish 29.49603 28.04167 27.66161 26.98500 20.60714 19.87879 30.18622 27.46510
se 3.94183 3.60001 2.98614 3.54807 3.33079 1.98292 10.34861 2.70262
Red moki 42.50000 17.50000 20.10714 20 25.30000 25.33333 20.37500 23.12500
se 0 2.50000 3.52029 5.00000 4.38064 5.09357 2.43624 5.89624
Tarakihi 27.50000 19.93662 12.50000 14.00000 23.81250 10 22.50000 22.50000
se 2.50000 0.76562 0 0 4.49001 5.00000 7.50000 9.46485




Trevally

9.33333

15.39286

12.00000

17.60000

18.25500

21.68317

se

1.76383

1.67248

0

1.93907

3.13987

4.40650

Table 3: Average count (per fhof each fish species at each site at the Kapitiié Reserve at each site, with standard errdr (se

Species (av. per sq m) | Arapawaiti Point | Kaiwharawhara Point | Onepoto Point | Tokahaki Point
Banded Wrasse 0.04652 0.00926 0.00862 0.00615
se 0.00757 0.00160 0.00208 0.00154
Blue Cod 0.05711 0.00504 0.01385 0.01662
se 0.01805 0.00141 0.00336 0.00605
Blue Moki 0.00329 0.00244 0.00391 0.00222
se 0.00135 0.00076 0.00118 0.00133
Butterfish 0.00889 0.00257 0.01446 0.00773
se 0.00205 0.00056 0.00473 0.00251
Butterfly Perch 0.00089 0.00504 0.02726 0.00326
se 0 0.00258 0.00941 0.00194
Common Roughy 0 0.00089 0 0
se 0 0 0 0
Girdled Wrasse 0.00089 0.00133 0.00119 0.00267
se 0 0.00044 0.00030 0.00178
Jack Mackerel 0.22222 0.17778 0.00356 0.14222
se 0.13333 0 0 0.05333
Kawhai 0.00089 0 0.09067 0.01422




se 0 0 0.08711 0.01244
Kingfish 0.00089 0 0 0.00089
se 0 0 0 0
Koheru 0.01778 0 0 0
se 0 0 0 0
Leatherjacket 0.03251 0.02104 0.01556 0.00571
se 0.02470 0.01475 0.01092 0.00350
Mao mao 0 0 0.00533 0
se 0 0 0 0
Marblefish 0.00302 0.00244 0.00165 0.00089
se 0.00077 0.00050 0.00041 0
Maori Chief 0 0.00089 0.00089 0
se 0 0 0 0
Red Banded Perch 0 0 0.00089 0
se 0 0 0 0
Red Cod 0 0 0.00089 0
se 0 0 0 0
Red Moki 0.00302 0.00211 0.00218 0.00216
se 0.00053 0.00056 0.00037 0.00043
Scarlet Wrasse 0.02667 0.00241 0.00378 0.00474
se 0.00620 0.00072 0.00114 0.00153
Spotty 0.08644 0.03289 0.01919 0.10741
se 0.02373 0.01009 0.00397 0.06096
Sweep 0.00489 0.10667 0.00444 0.00689




se 0.00222 0 0 0.00236
Tarakihi 0.00356 0 0.00747 0
se 0.00105 0 0.00409 0
Telscope Fish 0.03000 0 0.00622 0
se 0.00493 0 0 0
Trevally 0.00089 0.00178 0.00267 0.00133
se 0 0 0.00178 0.00044
Yellow eyed mullett 0.02667 0 0 0
se 0 0 0 0

Table 4: Average size (cm) of each fish species for whizke svas recorded at each site at Kapiti Marine Rese&vith standard error (se).

Species (av. size (cm))

Arapawaiti Point

Kaiwharawhara Point

Onepoto Point

Tokahaki Point

Banded wrasse 23.51475 20.15998 20.25865 20.40682
se 0.74781 0.99082 1.55678 1.75412
Blue cod 22.51325 22.01515 26.64650 23.93269
se 0.53160 1.56270 1.58941 1.70053
Blue moki 34.44137 24.95833 33.88889 12.50000
se 3.49701 3.27050 4.04069 2.50000
Butterfish 31.72559 24.40741 30.06195 20.50672
se 3.16699 1.72633 2.76330 1.80371
Red moki 27.25595 28.58333 33.30303 30.48810
se 2.86370 4.94594 3.36056 5.22700




Tarakihi 21.17188 0 26.37143 0
se 1.67221 0 2.31658 0
Trevally 30 45.00000 36.66667 25.75000
se 0 0 14.81366 4.25000

Table 5: Average count (per fhof each invertebrate species at each site oWléngton South Coast, with standard error (se).

Species (av. count per Sq m) | Barretts Reef | Breaker Bay | Palmer Head | Princess Bay | Red Rocks | Sinclair Head | The Sirens | Yungh Pen
Black Foot Paua 0.16697 0.03444 0.13364 0.07788 0.02750 0.02433 0.08133 0.03500
se 0.03351 0.00991 0.03441 0.01990 0.00570 0.01162 0.02437 0.00951
Rock Lobster 0.00714 0.00500 0.02238 0.00333 0.01067 0.01500 0.00667 0.00556
se 0.00381 0.00167 0.00637 0 0.00476 0.00500 0 0.00222
Kina 0.18364 0.03121 0.09758 0.03367 0.02208 0.02167 0.04667 0.05788
se 0.04049 0.00793 0.02723 0.00759 0.00531 0.00660 0.02996 0.01330
Yellow Foot Paua 0.03242 0.04667 0.02400 0.05633 0.01533 0.01733 0.05700 0.02133
se 0.00551 0.01902 0.00711 0.01553 0.00469 0.00289 0.01250 0.00797




Table 6: Average size (cm) of each invertebrate speciewlich size was recorded at each site on the Wélim§outh Coast, with standard error

(se).

Species (av. size (cm)) | Barretts Reef | Breaker Bay | Palmer Head | Princess Bay | Red Rocks | Sinclair Head | The Sirens | Yungh Pen
Black foot paua 14.03948 12.48724 14.78588 13.20195| 14.59678 14.61749| 11.32943| 12.23929
se 0.28749 0.77340 0.36541 0.40101 1.16447 0.94602 1.36376 1.17842
Kina 11.22716 10.48243 12.76936 10.18259 11.55908 12.59712| 11.04827 11.53591
se 0.39359 0.37516 0.44207 0.48427 0.86107 0.61823 0.85334 0.56544
Yellow foot paua 8.08809 6.28998 7.47176 7.21583 7.51292 8.17697 7.89027 8.14859
se 0.63903 0.64434 0.41538 0.20111 0.50866 0.32127 0.32962 0.37642

Table 7: Average count (per fhof each invertebrate species at each site attikepiine Reserve, with standard error (se).

Species (av. count per sq m) | Arapawaiti Point | Kaiwharawhara Point | Onepoto Point | Tokahaki Point
Black Foot Paua 0.02833 0.04222 0.00857 0.08889
se 0.00322 0.02778 0.00228 0.02852
Rock Lobster 0.00333 0.02444 0.01333 0.08000
se 0 0.01947 0.00504 0
Kina 0.22222 0.28061 0.03606 0.06333
se 0.04613 0.13997 0.00616 0.01772
Yellow Foot Paua 0.00875 0.00417 0.00571 0.01303
se 0.00199 0.00083 0.00188 0.00457




Table 8: Average size (cm) of each invertebrate speciewfich size was recorded at each site at Kapiti MaReserve, with standard error (se).

Species (av.size (cm)) Arapawaiti Point | Kaiwharawhara Point | Onepoto Point | Tokahaki Point
Black foot paua 12.88146 12.46362 11.72619 12.24166
se 0.46380 0.83785 0.55952 0.46887
Kina 12.97632 11.69201 13.60332 11.27416
se 0.28946 1.27865 0.71833 0.39527
Yellow foot paua 9.13125 9.00000 9.55714 8.58540
se 0.90390 3.18852 0.95665 0.38378

Table 9: Average count (per fhof each algal species at each site on the Wealim§outh Coast, with standard error (se).

Species (av. per Sq m) Barretts Reef | Breaker Bay | Palmer Head | Princess Bay | Red Rocks | Sinclair Head | The Sirens | Yungh Pen
Ecklonia radiata 12.01212 9.18788 12.93333 2.81212 1.84242 3.97576 3.30909 7.76970
se 0.91893 0.66726 1.62486 0.96240 0.39831 0.61806 0.71392 1.91269
Carpophyllum maschalocarpum 3.20000 4.90909 2.04848 4.29091 2.94545 1.57778 4.20606 2.19394
se 1.13437 0.88932 0.70697 0.43329 0.45605 0.74985 1.03831 0.84736
Lessonia variegata 1.11515 0.68571 0.91852 2.00000 3.11515 3.32121 2.13333 2.71515
se 0.21892 0.24244 0.25087 0.26667 0.27104 0.23610 0.19612 0.58348
Macrocystis pyrifera 0.20000 0.37778 0 0.13333 0 0 0.13333 0.13333
se 0.06667 0.10564 0 0 0 0 0 0
Undaria pinnatifida 0.53333 0 0 0.20000 0 0 0 0
se 0 0 0 0.06667 0 0 0 0




Table 10: Average count (per fhof each algal species at each site at Kapiti MaReserve, with standard error (se).

Species (av. per sq m) Arapawaiti Point | Kaiwharawhara Point | Onepoto Point | Tokahaki Point
Ecklonia radiata 8.73939 21.90303 29.46667 20.56970
se 2.05487 2.24748 3.09849 1.11946
Carpophyllum maschalocarpum 5.22667 4.09697 1.62667 3.34545
se 2.18383 0.96099 0.50078 0.48922
Lessonia variegata 0 0.13333 0 0
se 0 0 0 0




