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Ahstract

ABSTRACT

This thesis examined the relative importance of natural and human influences to the

population and assemblage dynamics of reef fishes in northeastern New Zealand. In

particular, how different reef fishes responded to the implementation of no-take and partial

marine reserve protection, and physical factors responsible for spatial differences in fish

abundance. Included were data from prior to the establishment of a no-take marine reserve,

multiple fished reference locations, biannual sampling and the use of two independent

methods to provide quantitative estimates of fish abundance and size. This combination of

factors is rare in studies of marine reserves was an important strategy leading to an improved

understanding of the mechanisms structuring fish communities.

Responses of the reef fish assemblage to changes in fishing mortality were examined at the

Poor Knights Islands Marine Reserve. Full no-take marine reserve protection was

implemented on the I't Oct 1998 but for the prior 17 years, the Poor Knights Reserve

comprised only two small no-take zones and allowed recreational fishing in the rest of the

reserye. Following implementation of no-take marine reserve status the reef fish community

changed rapidly; there were no obvious changes at either reference location. Species targeted

by fishers, such as Pagrus auratus (snapper) and Caprodon longinxanus (pink maomao),

responded most strongly to protection. An increase in the density of some non-targeted

species can probably be attributed to climatic effects, rather than a reduction in fishing

pressure. A decline in the abundance of several species at the Poor Knights may have been a

result of natural mortality, or competitive or predatory interactions with snapper.

Along with human influences (fishing), physical variables are important in determining the

distribution and abundance of reef fish. Four locations (two mainland and two island) were

surveyed in northeastern New Zealand to determine spatial patterns for seven labrid species,

one of the most abundant and widespread taxa of reef fish in New Zealand. The underlying

mechanisms were then explored through an examination of the relationship between

swimming ability (as examined through pectoral fin morphology), exposure and depth. Each

of the four locations consistently displayed distinct labrid assemblages, likely due to the

influence of the East Auckland Current. Regardless of location, there was a consistent depth-

related trend for most labrids and a trend for some species to be associated with certain levels

of wave exposure. By analogy with tropical labrid assemblages, it was expected that there
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would be a clear relationship between pectoral fin aspect ratio and depth and/or exposure.

However, this relationship was not strongly evident suggesting that wave exposure may not

be as important for labrids on northeastern New Zealand reefs as hypothesised for tropical

coral reef systems.

The response of snapper, an important recreational and commercial finfish, was investigated

following the cessation of all fishing at the Poor Knights. The rate of response of snapper to

protection was rapid, in areas that had previously been partially protected as well as in those

that had been fully protected from fishing, with the overall density of legal sized fish

increasing by 7 .4 times over 4 years, likely a result of recolonisation rather than recruitment.

The 818% increase in snapper biomass has the potential to enhance areas outside or within the

reserve through the export of biomass (eggs and/or larvae and adults) - the daily batch

fecundity was 11 to l8 times higher at the Poor Knights compared to the reference locations.

The effects of partial protection on reef fish were further examined at the Mimiwhangata

Marine Park, an area where recreational fishing is permitted but all commercial fishing has

been prohibited for 18 years. Snapper showed no difference in abundance or size between the

Mimiwhangata Marine Park and adjacent control areas, with the density of snapper most

similar to fished reference locations. The lack of any recovery by snapper within the Marine

Park, despite the exclusion of commercial fishers and restrictions on recreational fishing, and

results from the Poor Knights, indicates that partial fishing regulations are ineffective as

conservation tools for protecting targeted species or for fish communities in general (i.e.

through reduction in by-catch). Results from this study provide evidence that recreational

fishing has significant impacts on reef fishes.
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Chapter One: General Introduction

No-take marine reserves are areas of the ocean permanently closed to both commercial and

recreational fishing. Such areas have become increasingly popular as potential conservation

and fisheries management tools. Since the mid 1980s, when the first studies of the effects of

marine reserve were published (e.g. Bell 1983; Alcala 1988), evidence that they result in

increased density, biomass and size of targeted fish species has appeared considerable (e.g.

Buxton & Smale 1989; McClanahan & Shafir 1990; Bennett & Attwood l99l; Polunin &

Roberts 1993; Roberrs 1995; Russ & Alcala 1996; Wantiez et al. 1997; Edgar & Banett 1999;

Willis et al, 2003a). However, on closer examination the empirical evidence for substantial

recovery is often unconvincing (Jones et al. 1993; Rowley 1994; Russ 2002; Willis et al.

2003b) with many studies finding no significant marine reserve effect (e.g. Samoilys 1988;

Cole et af . 1990; Ayling et al. 1992; Dufour et al. 1995; Harmelin et al. 1995; Letourneur

1996: Rakitin & Kramer 1996; Watson et al. 1996; Zeller & Russ 1998; Galal et al. 2002).

The positive results reported by recent meta-analyses (e.g. Halpern & Warner 2002; Halpern

2003) may be misleading as they include reseryes that are poorly managed, of widely varying

ages and with partial protection (Gell & Roberts 2003). Furthermore, studies with weaker

findings are less likely to be published: this publication bias may affect the main conclusions

of at Ieast LS-TlVo of meta-analyses (Jennions & Moller 2OOZ). Contradictory findings are

probably due to highly variable responses to protection among taxa as species targeted by

fishers tend to respond significantly better to marine r€serve protection than non-target

species (e.g. Mosquera et al. 2000).

The main deficiency of many studies that aim to test reserve effects is that few report baseline

abundance measures prior to reserve establishment. A lack of data prior to the establishment

of a marine reserve, both in New Zealand and overseas, makes it difficult to quantify the rate

of response to protection. However, where pre-reserve data is available, rapid rates of

increase for some species have been reported (White 1988; McClanahan & Kaunda-Arara

1996; Russ & Alcala L996; Edgar & Banett 1999). In addition, variability due to natural

processes such as recruitment, mortality and climatic change may lead to workers wrongly

assuming a'reserve effect'. [t may not be possible to differentiate reserve effects from

natural variation when studies do not include sufficient spatial and/or temporal controls

(Guidetti 2002: Willis et al. 2003b).
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In New Zealand, the majority of marine reserve studies have focused on recreationally or

commercially important species such as Pagrus auratus (snapper), Parapercis colras (blue

cod) and Jasus edwardsii (crayfish) (MacDiarmid & Breen 1993; Cole 1994; Babcock et al.

1999; Cole et al. 2000; Kelly et al. 2000; Willis et al. 2000; Davidson 2001; Davidson et al.

2002; Kelly et a\.2002: Kelly & MacDiarmid 2003; Parsons et al. 2003; Willis et al. 2003a).

Most of these workers demonstrated increases in the abundance and size of the above species

within no-take marine reserves. There has, however, been little interest in non-targeted

species in relation to marine reserves as there is probably no reason to expect these species to

show a reserve effect (but see Cole et al. 1990). Non-targeted species, such as most labrid

fishes in New Zealand, may show indirect effects but these may be subtle and difficult to

separate from en vi ronmental I y determi ned vari abi li ty.

The distribution and abundance of coastal marine fish faunas around the coast of northem

New Zealand have been described (Ward & Roberts 1986; Choat & Ayling 1987; Kingsford

1989; Meekan & Choat 1997; Brook 2002), revealing faunal differences between the island

groups and mainland coasts (e.g. Choat & Ayling 1987) which appear to reflect the influence

of the East Auckland Current. There are, however, other factors important in structuring the

abundance and distribution of fish such as recruitment, depth, wave exposure, salinity, habitat

and predation (including fishing). The influence of physical variables on reef fishes has been

investigated on tropical reefs (e.g. Jones & Syms 1998) but are seldom examined on

temperate reefs (but see McCormick 1989).

During the 1980's several workers investigated the ecology of reef fishes at the Poor Knights

Islands (Schiel 1984; Ward & Roberts 1986; Choat et al. 1988; Kingsford & MacDiarmid

1988). Most were interested in spatial or temporal changes in the fish fauna, particularly

fabrids, one of the most abundant and widespread families of reef fishes in New Znaland

(Francis 2001). Labrids and snapper, the most important recreational and commercial finfish

in northern New Zealand, are the dominant predatory reef fishes in New 7*aland and are

likely to be ecologically important. Studies on the Great Barrier Reef have suggested that the

swimming abilities of labrids may be a significant factor influencing their habitat use and

biogeography (Bellwood & Wainwright 2001; Bellwood et al.2OOZ). The swimming ability

of labrids has been related to their pectoral fin morphology (Wainwright et al.2OO2; Walker

& Westneat 2OO2). For example, Fulton et al. (2001) and Bellwood & Wainwright (2001)

revealed that labrids on the Great Barrier Reef (GBR) with high pectoral fin aspect ratios
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dominated exposed high-energy locations, whereas species with low pectoral fin aspect ratios

were relatively rare or absent from such locations.

The impact of recreational fishing on the ecological structure of the reef fish community is

thought to be relatively minor (Kearney 1999). This is in contrast to commercial fisheries that

are often blamed for depleted fish stocks (Ludwig et al. 1993; Roughgarden & Smith 1996;

Pauly et al. 1998; Jackson et al. 2001). Although excessive fishing is the principal source of

some fisheries collapses (Fogarty & Murawski 1998), not all changes may be due to fishing.

Natural environmental changes such as ocean climatic shifts are also associated with collapses

(Anderson & Piatt 1999). In spite of the lack of scientific evidence attempting to evaluate

recreational fisheries and their ecological impacts, it has been suggested that recreational

fishers may have a significant impact on the ecology of reef fish (Hughes 1994; McClanahan

1995; McPhee et al. 2002; Schroeder & Love 2002). Relatively little fishing pressure is

needed to cause significant reductions in the density of some targeted species (e.g. Russ &

Alcala 1989; Jennings & Polunin 1996;1997).

Provision of special regulations, such as allowing recreational fishing but prohibiting

commercial fishing, is a common practice within many marine protected areas (MPAs) and is

often advocated by groups with direct fishing interests as a compromise 'solution'. As much

as TlVo of MPA's worldwide have no active management (Kelleher et al. 1995) and of the

100 MPA's in California, less than a quarter of lTo of their combined area is completely

protected from fishing (McArdle 1997). In New Zealand, special fishery regulations existed

at the Poor Knights Islands Marine Reserve from 1981 until October l" 1998 (when no-take

status was established) where recreational fishers were permitted to use a number of methods

(trawling, spearfishing and line fishing with an unweighted line) within 95Vo of the marine

reserve. Similar regulations that prohibited all commercial fishing but allowing recreational

fishing have been in place at the Mimiwhangata Marine Park since 1984. Despite the number

of partial closures worldwide, their effectiveness for either conservation or enhanced fishing

has not been well evaluated (but see Francour 1994; Vacchi et al. 1998; Westera et al. 2003).

Wider applications for no-take marine reserves have been hampered as many stakeholders

(voters) object to the permanent closure of the marine environment to harvest.
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THESIS OVERVIEW

The aim of this thesis was to examine the response of reef fishes to the implementation of a

no-take marine reserve, mechanisms responsible for spatial differences in a guild of labrid

fishes between locations in nonheastern New Zealand, and the effectiveness of partial

protection.

Chapter 2 examines temporal changes in the fish community at the Poor Knights Islands in

response to changes in fishing mortality (notake marine reserve protection) and compared the

results with two fished reference locations, Cape Brett and the Mokohinau Islands using

underwater visual census (WC). The design of this 4-year study includes multiple spatial

and temporal replicates and data collected prior to no-take marine reserve status.

Chapter 3 extends on the previous chapter, exploring the mechanisms structuring fish

communities between locations. This chapter examines how physical variables, such as depth

and exposure, may influence the distribution and abundance of labrids in northeastern New

7-ealand. The underlying mechanisms were explored through an examination of the

relationship between swimming ability (as reflected in pectoral fin morphology), exposure

and depth.

Chapter 4 examines the effect of full no-take marine reserve protection on Pagrus auratus

(snapper) at the Poor Knights and compares temporal trends in density with two reference

locations, Cape Brett and the Mokohinau Islands. Baited underwater video (BUV) was used

to provide quantitative estimates of snapper abundance, biomass, size and egg production.

The use of this technique has been found to be useful to sample carnivorous species that may

be wary of divers (Willis & Babcock 2000). The effect of partial protection at the Poor

Knights on this species was also examined.

Chapter 5 evaluated the effectiveness of 18 years of partial protection on the reef fish

assemblages within and around the Mimiwhangata Marine Park. This marine park prohibits

commercial fishing but perrnits recreational fishing for a number of species. In this chapter,

both UVC and BUV were used to provide quantitative estimates of fish abundance and size.

Snapper abundance at Mimiwhangata was compared with data from the other surveyed

locations.
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Chapter 6 is a general discussion where the overall findings of the various chapters are

synthesised and recommendations for further research are made.
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ABSTRACT

This study reports the responses of reef fish to the establishment of a no-take marine reserye

around the entire Poor Knights Islands in 1998 (until 2002). For the 17 yrs prior to this, the

Poor Knights Islands Marine Reserve (PKIMR) comprised only two small no-take zones and

allowed restricted forms of recreational fishing in the rest of the reserve. The PKIMR and

two reference locations, Cape Brett and the Mokohinau Islands, were sampled biannually

using underwater visual census (WC). The reef fish community at the PKIMR changed

rapidly following no-take marine reserve status - there was no obvious change at either

reference location. Two popular recreational species, Pagrus auratus (snapper) and

Caprodon longimanu,s (pink maomao) increased in density at the PKIMR, as did several non-

targeted species. The increase in some non-targeted species was probably due to climatic

effects (water temperature), rather than a 'marine reserve' effect. Declines in the abundance

of many species occurred in the reserve, possibly a result natural mortality, or competitive or

predatory interactions with P. auratus. The failure of other studies to determine a 'reserve

effect' does not necessarily mean populations have not responded, rather it may reflect

limitations of commonly used sampling methods and analysis.
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INTRODUCTION

No-take marine reserves are becoming an increasingly popular conservation tool, particularly
for species vulnerable to fishing. Many studies examining the effect of marine reserves on
exploited fishes have shown a positive effect on density and size (see reviews in Dugan &
Davis 1993; Mosquera et al. 2000; Russ 2002; Gell & Roberrs 2003). However, a number of
studies have failed to detect statistically significant changes in the density of species either
targeted (samoilys 1988; cote et al. 1990; Harmelin et al. 1995; cole et al. 2000; Galal et al.
2002) or not targeted by fishers (Dufour et al. 1995; Rakitin & Kramer 1996; McClanahan et
al' 1999)' These contradictory results are probably the result of two primary factors. Firstly,
there may be highly variable responses to protection among fish taxa. The benefits of marine
reserves do not apply to all species, since species targeted by fishers tend to respond
significantly better to marine reserve protection than non-target species (e.g. Mosquera et al.
2000)' secondly, numbers of fish vary naturally in response to climatic or other factors, quite
independently of any 'reserve' effect. Where the design of studies to detect such reserve
effects does not include sufficient spatial and/or temporal controls, it may not be possible to
differentiate these effects from natural variation (Guidetti 2002;Willis et al. 2003).

The increase in the density of targeted species, usually carnivores, following marine reserve
protection may indirectly influence the structure of reef fish communities (Hixon l99l; Jones
l99l), although evidence is equivocal. Several studies have reported significant relationships
between predator abundance and prey fish species at small spatial scales (Caley 1993; Hixon
& Beets 1993; Can & Hixon 1995). Conversely, other workers have found the biomass of
carnivorous species was not correlated with the biomass and diversity of their potential prey
(Russ I985; Jennings et al. 1995; Jennings & Polunin lggT). The establishment of a marine
reserve can affect not only fish, but the entire reef system because of the close links between
fish, algae and associated invertebrates (trophic interactions reviewed in pinnegar et al. 2000).

The Poor Knights Islands Marine Reserve (PKIMR), located in northeastern New T*aland,
was established in l98l with special fisheries regulations intended to protect reef fish taxa
with life histories vulnerable to overfishing, i.e. slow growing, Iong-lived or with low
reproductive rates. From 1981 to october ltt 1998 (when the poor Knights Islands were
given full no-take marine reserve status), all commercial fishing was prohibited. Recreational
fishers were allowed unweighted, single-hook lines, trolting and spearing to catch a permitted
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number of species within 957o of the marine reserve (See Fig. 2.1 for the small no-take zones
over this period). The practice of allowing recreational fishing in a marine reserve is a

common management strategy (Francour 1994). The permitted species were thought to be
nomadic or pelagic when the reserve was initially created, but it is now known that most are
wholly or partially resident around reefs (saul & Holdswo rlh lgg};Francis 2001; willis et al.
2001; Parsons et al. 2003). Previous studies have investigated various aspects of reef fish
ecology at the Poor Knights (Schiel l9g4; Choat & Ayling l9g7; Choat et al. lggg; Kingsford
& MacDiarmid 1988), However, these were conducted in the mid to late 1980,s, prior to no-
take marine reserve status and none provided sufficient information to assess the impacts of
recreational fishing on reef fishes.

This 4 year study assessed the effects of full marine reserve protection on the reef fish
assemblage at the PKIMR and compared results with two reference locations which allow
normal fishing, Cape Brett and the Mokohinau Islands. Sampling was initiated in the pKIMR
prior to full no-take marine reserve status and was conducted in spring and autumn to allow
an examination of within-year fluctuations in abundance. This combination of factors is vital
to understand the mechanisms structuring fish communities, and is relatively rare in studies of
marine reserves (but see Edgar & Barrett lggg). The specific aims were to examine changes
in the fish communities over time in response to marine reserve protection and determine
which species were responsible for any subsequent change.
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METHODS

Study locations

Three locations were surveyed in northeastern New Zealand; the poor Knights Islands and
two fished reference locations, Cape Brett and the Mokohinau Islands (Fig. 2.1). Although
intrinsic environmental differences exist between locations which means the reference sites
are not true 'controls', Underwood (1994) noted it is impractical and unnecessary to choose
locations with identical characteristics or abundances of the targeted species provided bias is
avoided' Accordingly, differences were minimised by selecting the most similar locations
available, in terms of hydrology and topography. All locations display temperate reef
characteristics being dominated by laminarian and fucoid algae (Choat & Schiel r9g2)and are
influenced by the East Auckland Current (EAC). The EAC, derived from the subtropical East
Australian Current, flows offshore parallel to the Northland coast and brings water that is
clearer, and often wanner (by -2.5 oc; than nearby coastal areas (Stanton et al. 1997). This
current is considered a major source of larvae and gives a subtropical influence to the biota at
these locations (Francis & Evans 1993; Francis et al. lggg). The use of reference locations in
this study was to examine the relative changes in fish populations, and the direction and
magnitude of any differences between reference locations and the PKIMR.

The initial survey at the Poor Knights was conducted in September 1998, prior to full marine
reserve establishment on October I't 1998, and continued biannually in spring
(September/October) and autumn (March/April) until September ZO0Z. The two reference
locations were surveyed biannually from spring 1999 until spring 2002. It would have been
desirable to include the reference locations in the study from the beginning, however this was
not possible. Even so, the study still addresses whether trends in fish abundance differ
between the PKIMR and those at reference locations (underwood 2000).
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Figure 2.1. Map of northern New Zealand showing the location of Cape Brett, the Poor
Knights Islands and the Mokohinau Islands. Inset is a map of the PKIMR showing the

reserve boundary (outer line) and the two areas closed to fishing (X) prior to I October 1998.

Underwater visual census

The distribution and abundance of reef fish were quantified at the study locations using

underwater visual census (UVC). This is a routine method for quantifying the density and

size structure of reef fishes. The advantages of UVC include the high levels of replication

possible, the requirements of little bulky sampling equipment (apart from SCUBA gear) and

being able to record other types of data in situ. The disadvantages include constraints of

depth, high levels of inter-observer variability, diving limitations due to currents, poor

underwater visibility and bias associated with diver positive/negative species (Kingsford &

Battershill 1998). Despite these limitations, it is the most widely used method for non-

destructive surveying of diverse fish assemblages and the use of a standardised measurement

technique means that trends in the abundance of species surveyed are valid.
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Between 19 and 23 sites were surveyed at each location using 25 x5 m(I25 m2) transects.

Three divers surveyed each site, each of whom completed three transects, giving n = 9

transects per site (Willis et al. 2000). To avoid overlap, divers decided which direction to

swim prior to each dive. Each transect was conducted by first attaching a tape measure to the

substratum, then an observer swam for 25 m whilst counting all individuals encountered

within 2.5 m either side of the transect line. A 5 m lead-in was swum before commencing

counts to avoid including fish attracted to the diver while the tape was being attached. Each

transect was conducted at the same depth. The size of Pagrus auralus (snapper) and the

density of juvenile Coris sandageri (sandagers wrasse) (identified by their distinctive colour

phase) were also recorded. Cryptic or very small fish (e.g. Triperygiidae, Clinidae, Gobiidae)

were not censused as it was not practical to count them in large transects.

Statistical analvsis

Multivariate

To identify changes in the reef fish community, non-parametric multivariate techniques were

utilised. This was because transect data are highly skewed and contain many zeros, making

traditional analyses (which assume normality of data) unsuitable. Whole assemblages were

analysed, among locations and over time, using non-parametric multivariate analysis of

variance (NPMANOVA, Anderson 2001). A posteriori pairwise tests were performed to

determine the nature of any significant effects. Patterns in species composition were further

examined using constrained and unconstrained MDS and as bi-plots in the CAP (Canonical

Analysis of Principal coordinates) statistical package (Anderson & Willis 2003). CAP

analyses were conducted using data pooled at the location level, to obtain a single observation

for each location at each time, based on Bray-Curtis dissimilarities with log(x+l) transformed

data. There were 68 species of fish (variables) in the multivariate analyses. The following

schooling species were not included: Arripis trutta (kahawai), Chromis dispilus (demoiselles),

Decapterus koheru (koheru), Pseudocaranx dentex (trevally), Labracoglossa nitida (blue

knifefish) and Trachurus novaezelandiae (ack mackerel). These species skewed the data as

they have high variability at the individual transect level.

To examine changes in the fish assemblage following the establishment of the marine reserve,

a before versus after comparison was performed using a contrast statement in DISTLM.

DISTLM is a non-parametric test that calculates a multivariate regression analysis of any
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symmetric distance matrix (Anderson 2002). To test if changes in the fish assemblage were

due to seasonal variation, season and the average sea surface temperature over the sample

period were analysed as covariates in DISTLM. Changes in fish assemblages over time were

also investigated at the reference locations using the same technique.

Univariate

Changes in species richness at each location over time were calculated from the average

number of species per site. Temporal changes for the 24 most common species were plotted.

In addition, the density of juvenile C. sandageri was plotted to investigate temporal changes

in recruitment. Data were analysed using the Poisson distribution with a log-link, using a

generalised linear model (GENMOD) in SAS (V8) (SAS Institute Inc. 1999) to determine the

ratio of change for species that showed a consistent temporal pattern. Seasonal variation was

also examined using the above technique by adding oseason' to the model. The Graphpad

Prismo (V4) compurer program was used to test whether the slopes of regressions of

abundance versus time for each species were significantly different between the PKIMR and

each reference location. This program compares regression lines (Zar 1984) and is equivalent

to an ANCOVA. When species showed a significant seasonal difference, slope comparisons

were made when thev were most abundant.

The density of reef fish can be affected by spatial and temporal variability and Jones et al.

(1993) noted that statistical significance and biological significance are in no way related.

Hence, biologically imperceptible differences can be rendered statistically significant merely

by increasing sample size and the statistical significance of a difference between two samples

does not necessarily imply a meaningful biological change. As a result, only changes of the

magnitude of I0O7o were accepted as being indicative of a biologically significant difference

(Edgar & Barrett 1999). This approach reduces the probability of committing a Type I error.

The sea surface temperature (SST) was obtained for the period 1995 - 2O02from the lrigh

Marine Laboratory Climate Records. The SST recorded at lrigh usually provides a good

representation of trends in SST for Northland as a whole (Stanton et al. 1997).
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RESULTS

Multivariate

A total of 4 251 UVC transects were conducted. Seventy-eight fish species were recorded

from 37 families, of which 76 species were recorded at the PKIMR, 60 at the Mokohinau

Islands and 64 at Cape Brett. Species richness varied significantly between surveys at the

PKIMR (Fa, rsz - 5.77, P < 0.01), although there was no consistent increase or decrease.

Species richness at the reference locations remained relatively consistent over time (Fig.2.2).

A relatively small group of species were responsible for 907o of the total abundance; 10 to 13

species at the PKIMR and 7 to 10 species at the reference locations.
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Figure 2.2. Mean number of species per site (+ SE) at the PKIMR, Cape Brett, and the

Mokohinau Islands over time. Spr and Aut indicate spring and autumn, respectively. The
arrow indicates time of no-take reserve creation.

There was a statistically significant difference in assemblage structure between locations for

each survey (NPMANOVA, P < 0.01). As both the unconstrained and constrained MDS

eg!-lpr ag!---Spl
2001 2002



showed a similar separation in the fish assemblages between locations, only the constrained
ordination is shown (Fig. 2.3A); the PKIMR and Mokohinau Islands were more closely
associated' Cape Brett being the most distinct. Correlations of species with both CAp axes

are shown in a bi-plot (Fig. 2.38). Species with an absolute correlation of less than 0.2 or that
occurred in fewer than six observations were not included (Anderson & Willis 2003). The bi-
plot shows the species responsible for observed differences between locations. For example,
species with positive values on the x-axis of the bi-plot such as Cheilodactylus spectabilis
(red moki), Girella tricuspidata (parore), Notolabrus celidotus (spotty) and pari.lca scaber
(leatherjacket) characterise Cape Brett.

DISTLM indicated that the changes in the fish assemblage following the establishment of the
PKIMR explained a significant proportion of the multivariate variation in the species data (F

= 9'12, P < 0.01). When the seasonal variation was taken into account, in the form of a

covariable, these differences were still statistically significant (F = 5.78, p = 0.016). There
was no statistically significant change in the fish assemblage over time at Cape Brett, but
there was a significant change at the Mokohinau Islands (F = 3.15, p = 0.002). However,
when season was added to the model as a covariable, there was no statistically significant
change at this location.
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NPMANOVA on the fish assemblages at each location indicated statistically significant
changes over time; PKIMR (Fr,rz+ = 3.15, p < 0.01), Cape Brett (Fo,r:o = 1.g9, p < 0.01) and

the Mokohinau Islands (Fa,rrz = 1.97, P < 0.01). post-hoc comparisons between surveys at

the PKIMR found a statistically significant difference between the pre-reserve survey and all
post-reserve surveys' The fish assemblage appeared to change relatively quickly following
marine reserve establishment at the PKIMR (Fig. 2.4A), with all but three surveys being
significantly different from each other over the first 3 years. The later surveys tended to not
differ significantly from each other, particularly between seasons, suggesting that the fish
assemblage at the PKIMR was stabilising. The autumn surveys at the PKIMR in Figure 2.4A
are associated with P, auratus on the corresponding bi-plot. A quite different pattern emerges

from a posteriori comparisons at the referencs locations. kss than half the interactions were

statistically significant at the reference locations and those that were significant were mainly
due to seasonal differences. If these seasonal comparisons are ignored, only one comparison
was statistically significant at Cape Brett. Seven surveys were significantly different at the
Mokohinau Islands, mainly due to significant interactions between the autumn 2001 survey
with four other surveys (spring 1999,2000. 2001 and 2002). A seasonal pattern in the reef
fish assemblage at the three locations can be seen in Figure 2.3A where autumn and spring
surveys were generally positioned close together. Note the axes on Figure 2.4 have different
scales between the PKMR and reference locations.
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Univariate

The relative (Vo) abundance of six species declined to zero at the pKIMR; these were

Canthigaster callisterna (clown toado), N. celidotus, Notolabrus fucicola (banded wrasse),

Odax pullus (butterfish), Pseudolabrus miles (scarlet wrasse) and, Scorpaena cardinalis
(northern scorpionfish) (Table 2.1).

Table 2.1. Comparison of the species contribution (Vo) to the reef fish community at the
PKIMR, Cape Brett and the Mokohinau Islands between rhe initial and final surveys (species
that occurred in large schools were not included in the analvsis).

Species Poor Knights
1998 2002

Cape Brett
1999 2002

Mokohinau Is.
t999 2002

Bodianus unimaculatus
C anthi g a st e r c allis t e rn a
Caprodon longimanus
Che ilo dactylus s p ect ab ili s
Coris sandageri
Girella tricuspidata
Nemadactylus douglasii
Notolabrus celidotus
Notolabrus fucicola
Odax pullus
Pagrus auratus
Parika scaber

0 l.9l
3.8 2.03 21.79 18.34 I1.84 5.82

16.6 29.07 5.88 4.56 18.12 ll.8l
18.81 25.47

2.55 7.25
1.89 0
3.66 0
2.49 0
0 6.36
15.4 8.16
19.91 11.45
0 rt.75
6.07 0
0.2 0
0 r.72

8.51 5.22

2.58 0 4.34 0
4.r3 8.02

3r.78 27.32 17.3r 18.77
9.23 12.52

3.23

10.9r to,79
1.87 0

Parma alboscapularis
P seudolabrus lucule ntus
Pseudolabrus miles
Scorpaena cardinalis
Suezichthys aylingi
Upeneichthys lineatus 5.37 3.I I 6.32 3.32

Conversely, the relative (Vo\ abundance of five species increased to form an important part of
the reef fish community at the PKIMR, the first three of which were targeted by fishers; these

wete Caprodon longimanus (pink maomao), Nemadactylus douglasii (porae), p. auratus,

Pseudolabrus luculentus (orange wrasse) and Suezichthys aylingi (crimson cleanerfish). At
both reference locations, the relative (Vo) abundance of N. celidotus decreased. At the
Mokohinau Islands, there was a decline in the contribution by C. spectabilis, C. sandageri and,

P. miles and at Cape Brett there was an increase in the contribution by G. tricuspidataand /f.

fucicola (Table 2.1).



Differences in the density versus time regression slope between the PKMR and the reference

locations were tested for the 24 most common species. The slopes were significantly different
for nine species between the PKIMR and the Mokohinau Islands and for seven species

between the PKIMR and Cape Brett (Table 2.2). There was no statistically significant
difference between the density versus time regression slopes at the reference locations for any
species. of those species that showed a difference in density at the PKIMR, four species

showed a positive increase and six species showed a decrease. There were no obvious trends.

either positive or negative, at the reference locations.

Table 2.2. Slope of density versus time between the Poor Knights Islands (pKI) and the
reference locations, the Mokohinau Islands (MKI) and Cape nr"tt lCnt), and seasonal
differences fot 24 species. * signifies a significant difference between slopes at p <0.0j. A

and s indicates species significa-ntly more common in autumn and spring, respectively.

Species

Anampses elegans
Bodianus unimaculants
Canthi gaste r calliste nm
Caprodon longimanus
C he ilodac tylus s p e ct ab il i s
Coris picta
Coris sandageri
Girella cyanea
Girella tricuspidata
N emadactylus douglasii
N emadacryIus macropte rus
Notolabrus celidotus
Notolabrus fucicola
Odax pullus
Pagrus auratus
Parika scaber
Parma alboscapularis
Pseudocaranx dentex
P s eudo lab ru s lucul e nt u s
Pseudolabrus miles
Seriola lalandi
Suezichthys arquatus
Suezichthys aylingi

Slope comparison
PKI: MKI PKI: CBl
FPFP

Season

P>
0.04 0.85
0.87 0.37
16.5 0.001*
4.8 0.046*
0.01 0.94
0.49 0.49
0.001 0.95
2.26 0.155
2.81 0. r 16

0.31 0.74
0.008 0.93
0.13 0.72
4.69 0.048*
3.26 0.09

t 1.88 0.001*
5.44 0.035*
7.97 0.013*
0,27 0.61
2.9 0.014*

14.95 0.002*
0.49 0.497
0.58 0.48
5.47 0.03+
0.1I 0.75

0.27 0.603
8.48 0.0044
0.25 0.617
0.12 0.724

22.0 0.001s
2.0 0.158

45.57 0.0014
1.33 0.249
0.83 0.363
r.42 0.233
3.02 0.082
7.48 0.0064

36.33 0.001s
r.34 0.247

s5.76 0.0014
2.34 0.1,27
0.00 0.974
0.71 0.399
7.42 0.0074
4.09 0.043 s

7.rt 0.0084
0.14 AJ06
0.00 0.999
1.03 0.31I

0.l l 0.75
2.62 0.13
16.I 0.001*
4.51 0.038*
437 0.5s
0.32 0.58
0.04 0.84
2.38 0.145
0.13 0.73
0.45 0.51
r.62 0.22
0.47 0.s
3.17 0.096
4.92 0.043*

14.34 0.009*
o.2r 0.65
7.43 0.016*
o.29 0.s97
4.49 0.048*

21.o3 0.001*
0.38 0.55
0.22 0.65
3.59 0.08
0.00 0.96Upeneichthys lineatus



of the four species that significantly increased in density following the establishment of the

PKMR, two were heavily targeted by recreational fishers, The density of p. auratus

increased by 43 times (lower 95Vo confidence limit (CL) of 2.91, upper 95Vo CL of 274.g3)
(Fr,rrz = 15.82, P < 0.01) and the density of C. tongimanxus increased by 6 times (95Vo CL
2'21, 16'24) (Fr,rrz = 19, P < 0.01). other species that were 'accidentally' taken or
incidentally caught by anglers such as Nemadactylus macropterus (tarakihi) and N. douglasii
initially increased following the establishment of the no-take marine reserve but there was no
consistent increase over time (Fig. 2.5). Only one species from each reference location

showed a consistent increase, Chironemus marunorarrrs (hiwihiwi) at Cape Brett and S.

Iineolatus at the Mokohinau Islands - these increases were of a low overall magnitude.

While a number of initial increases appeared to be a 'reserve effect', they were, in fact,
probably related to the warmer than average sea surface temperature (SST) during 1998-99 (l
- 1.5"C higher than the 30-year average) (Fig. 2.6). For example, initial increases for
Anampses elegans (elegant wrasse), Coris picta (combfish), S. aylingi, Girella cyanea
(bluefish), Suezichthys arquatus (rainbowfish) and P. luculenrus were probably due to
increased recruitment by juveniles, and unrelated to protection. Evidence for higher
recruitment over 1998-99 can be seen for juvenile C. sandageri, where their density increased

at both island locations following this warmer period (Fig. 2.5). There was also an increase in
the number of observations of other 'subtropical' species such as Thalassoma amblycephalum
(blunthead wrasse), Thalassoma lunare (moon wrasse), Thamnaconus analis (morse-code

leatherjacket) and Chromis fumea (yellow demoiselle). However, the abundance of these

species was usually very low and they were seldom observed in later surveys,

A number of species decreased in density at the PKIMR by >l00To, none of which were

popular recreational species (Table 2.1). For example, the density of C. callisterna decreased

by l5 times (957o CL6.7,33.8) since the initial survey (Fr,:rz =42J,p < 0.01), numbers of
N. fucicola decreased by 2.S times (95Va CL 1.8, 4.4) (F1,317 =2L.74 p < 0.01), O. pullus
numbers declined by 6 times (95Vo CL 3.3, I 1.4) (Fr,:rz = 33.55, p < 0.01) and the density of
P. miles declined by 7 times (957o CL4.5, l1) (Fr,:u =72.35,p < 0.01) (Fig. 2.5).
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Several species displayed a seasonal variation in abundance (Table 2.2;Fig.2.5). Six species,

Bodianus unimaculatas (pigfish), C. sandageri, N. celidotus, P. auratus, p. luculentus and

Seriola lalandi (kingfish) were significantly more abundant in autumn, Conversely, C.

spectabilis, N. fucicola and P. miles were significantly more common in spring.

When legal sized (>270 mm) P. auratus were exarnined, their density increased at the PKIIVIR

by32 times (957o CL5.2,206) (Fr,3,z =48.06, p < 0.01) (Fig.Z.7A). The large standard

error for some surveys at the PKIMR was a result of the presence of several large schools of
adult P. auratus. When the density of P. auratus at the PKIMR, prior to no-take status, was

compared to initial densities at the reference locations, there was no significant difference.

More importantly, there was also no statistically significant change in the density of legal p.

auratus at either reference location. The density of sublegal P. auratus (<270 mm) at the two
island locations remained relatively consistent, but there was considerable variation at Cape



Brett (Fig. 2'78). The large increase in the abundance of sublegal P. auratus in 2001 and

2002, particularly at Cape Brett, is tikely to have resulted from a successful recruitment of p.

auralus in 1998 and 1999 when the ssr was warmer than average (Fig. 2.6).
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DISCUSSION

The reef fish community at the PKIMR appears to have changed rapidly following the

establishment of the marine reserve. This is consistent with McClanahan (1994) who

recorded rapid changes in the fish fauna within 1 year of the establishment of a marine reserve

in Kenya. Recreational fishing, and the resulting incidental mortality of 'protected' species,

had probably affected the structure of the fish community at the PKIMR. Relatively little
fishing pressure is needed to cause significant reductions in the density of targeted species and

structural changes in the reef fish community (Russ & Alcala 1989; Polunin & Roberts 1993;

Watson & Ormond 1994; Jennings & Polunin 1996). In Jamaica, the overall species

composition of heavily fished areas underwent a complete re-ordering over 13-17 years

(Koslow et al. 1988). This suggests a 'compromise' solution, often supported by advocates of
partial protection, is not an effective solution to protect reef fishes, as even the removal of a
small proportion of biomass may cause significant changes in the community structure (e.g.

Russ & Alcala 1989; Jennings & polunin 1996; 1997). Despite the changes in community

composition at the PKIMR, there was no significant increase in species richness. This is
similar to some other studies of marine reserves elsewhere (Alcala 1988; Samoilys lggg;
Galzin et al. 1990; Dufour et al. 1995; Roberts 1995). The community composition at the

reference locations remained relativelv stable.

This study detected an increase in the density of several targeted fish species, particularly p.

a'uratus and C. Iongimanus, but failed to find increases in many non-targeted species, a result

consistent with others (e.g. Dufour et al. 1995). Targeted species, being sensitive indicators

of fishing pressure, are more tikely to respond to marine reserve protection once the main

factor limiting their population density (i.e. fishing) has been removed (Can & Reed 1993;

Rowfey 1994). The rapid increase in the density of legal P. auratus at the PKIMR is likely to
be from recolonisation rather than juvenile recruitment as their numbers have increased too

rapidly to be due to growth within the reserve. This is consistent with other studies. For
example, in the Philippines, White (1988) suggested that significanr increases in the density of
targeted species I to 2 years after protection were unlikely to be due to juvenile recruitment.

The sudden increase in the density of C. Iongimanns,2 years after the start of monitoring at

the PKIMR, is consistent with a single localised recruitment pulse. This increase was initially
regarded with some caution given the large standard error and biases associated with this

species. However, the density of C. Iongimanus has remained high, suggesting fishing



pressure had also reduced their numbers within the reserve. Climatic factors were likely to be

responsible for changes in the density of some species, like P. luculentus, incidentally caught

by fishers.

Responses of some species that look like 'reserve effects' may be the result of the warmer

SST during 1998 and 1999 (Fig. 2.6), Under these warmer conditions, recruitment of
subtropical fishes to the PKIMR might be greater than in previous years (Francis & Evans

1993; Francis et al. 1999). Indeed this is reflected by higher numbers of juvenile C. sandageri

and other fishes with subtropical affinities such as S. aylingi and P. Iuculentus. It is likely the

EAC bought many of these species to the PKIMR from the Three Kings and Lord Howe

Islands, and due to the favourable conditions, they survived. Changes observed for some

species at one location were often not recorded at another, probably because EAC affects each

location differently. The PKIMR are likely to receive a higher number of 'subtropical'

recruits because of their location closer to the shelf break. Although the reference locations

are influenced by the EAC and low densities of the same 'subtropical' species were present,

their data did not show the same increases in these species as at the PKIMR. There were,

however, corresponding increases for some species. For example, c. picta werc recorded

more frequently following 1999 at the PKIMR and Cape Brett and S. arquatu.r occurred in
higher numbers at all locations in 2000.

Subsequent declines in the density of fishes with subtropical affinities, such as C. callisterna

and S. aylingi, may have been caused by natural mortality after the successful recruitment

pulse in 1998 and 1999. Similar results were found by Choat et al. (1988) where warmer sea

surface temperatures in the 1970's resulted in the establishment of a more subtropical fauna at

the PKIMR. Subsequent declines in these species over time were attributed to recruitment

failure and the effects of a severe storrn. Alternatively, density of some species in this study

may have dropped from competitive or predatory interactions (Watson et al. 1996). For

example, Tupper & Juanes (1999) attributed the low recruitment of juvenile grunts within the

Barbados Marine Reserve to an increase in predator density. The large increase in the density

of P. auratas at the PKIMR may cause a decrease in potential prey or, alternatively, they may

out-compete other species for food or space. For example, numbers of other benthic

carnivores, N. fitcicola and P. miles, have dropped by over IOOVo over time, a criterion for
species replacement (Daan 1980). Moreover, observations around a bait source have shown

that P. auratus can aggressively displace other species (Denny, unpublished data). However,



Chapter Two: Reef fish response to protection 34

as these interactions were not subject to controlled field experiments, such explanations must

remain speculative.

In this study, several species showed a seasonal trend in abundance, a well-known

phenomenon among reef fish. This is typically because some fishes may move from inshore

shallow waters in summer to offshore deeper waters in winter (Beentjes & Francis 1999;

Hyndes et al. 1999; Magill & Sayer 2002). This movement can be related to either spawning

behaviour (Crossland 1977; Robertson 1983), changes in feeding patterns (Schmitt &

Holbrook 1936) or to avoid adverse weather conditions (Walsh 1983). However, seasonal

offshore migrations are less likely to occur for more strongly reef based fish like N. fucicola

and N. celidotus that are seldom recorded in deep water (see Chapter 3). The seasonal

variation observed for these species may be explained by them having lower activity rates in

cooler water conditions making them less likely to be recorded by divers (e.g. Costello 1991).

An increase in the density of exploited species has the potential to reduce the abundance of

invenebrate prey populations that might directly or indirectly result in alterations to habitat

structure (Babcock et al. 1999; Shears & Babcock 2002). For example, the above authors

found that an increase in the abundance of P. aurat rr corresponded to a decline in the density

of the urchin, Evechinus chloroticus, with a subsequent increase in algal cover. This habitat

alteration can, in turn, cause a subsequent change in the fish assemblage by providing or

removing food and refuge to adults and recruits. For example, it is possible that the decline in

the density of P. alboscapularis at the Poor Knights may be because their preferred nesting

areas, prominent boulders devoid of large brown algae (Francis 2001), have become

increasingly scarce due to an increase in algal cover as found in the trigh Marine Reserve

(Babcock et al. 1999; Shears & Babcock 20O2; Shears & Babcock 2003). Further study is

required to determine possible secondary effects of changes in the reef fish community on the

ecology of the PKIMR.

A criticism of the UVC technique is that fish respond to divers based on previous experiences.

For example, spearfishing is an activity that would tend to reinforce avoidance behaviour in

fishes and was permitted at the PKIMR prior to 1998. Conversely, fish feeding has been

suggested to cause P. auratus to become strongly diver positive (Cole 1994). However, there

was no indication that fish behaviour changed within the PKIMR over the course of this study

(Denny, personal observation), This observation is surprising as with an ever-increasing
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number of inexperienced recreational divers at the PKIMR, many of whom disturb the

substratum, it might have been expected that the abundance of opportunistic species might

increase on transects. For example, Chapman et al. (1974) found that fish, after only 2 weeks,

had leamed to associate divers regulator noise with the presence of invertebrate prey disturbed

by divers. See Edgar & Barrett (1999) for a detailed discussion on the bias, elrors and caveats

associated with the use of UVC techniques for estimating fish populations.

Studying changes following the establishment of a marine reserve is made difficult by

intrinsic natural spatial and temporal variability. Ideally, temporal replication before and after

the establishment of a marine reserve and having suitable spatial replication is necessary to

prevent confusion in interpreting differences between protected and unprotected locations.

Some studies with insufficient spatial and/or temporal controls, may have incorrectly assumed

a 'reserve' effect, when in fact, the increase in density is due to natural variation. The failure

to determine the effects of protection does not necessarily mean populations have not

responded, rather it may reflect limitations of commonly used sampling methods and analysis

(Guidetti 2002; Willis et al. 2003).
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Chapter Three: Distribution and abundance of labrids in

northeastern New Zealand: the relationship between

depth, exposure and pectoral fin aspect ratio

Denny, C.M. (in press). Environmental Biology of Fishes.
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ABSTRACT

Physical factors influencing the distribution and abundance of seven common labrid fishes

were examined over four rocky reef locations in northeastern New Zealand. Specifically, the

influence of depth and exposure were investigated for each species (both within and among

sexes) and related to pectoral fin aspect ratio. Each of the four locations (two mainland and

two island) displayed distinct labrid assemblages, which were consistent over time, likely due

to the influence of the East Auckland Current. Regardless of such site effects, there was a

consistent depth-related trend for most species, regardless of location: Notolabrus celidotus

and Notolabrus fucicola were found mainly in shallower waters whereas Bodianus

unimaculatus, Pseudolabrus luculentus, Pseudolabrus miles and Suezichthys aylingi were

common at greater depths. Several species showed a sex-related depth difference. There was

also a trend for some species to be associated with certain levels of wave exposure; N.

fucicola and P. miles were more common in exposed sites whereas Coris sandageri and N.

celidotus were most common in sheltered areas. For most species, the relationship between

pectoral fin aspect ratio and the above physical variables was not as strongly evident in this

temperate assemblage as has been previously found in tropical reef fish systems. Although

some species did follow the predicted shifts in fin aspect ratio with depth and./or exposure, the

observed trends were unrelated to fin aspect ratio for many other species. These findings

suggest that wave exposure may not be as important for labrids on northeastern New Zealand

reefs as it may be in tropical coral reefs systems. The lower fin aspect ratios for New Zealand

labrids, compared to tropical labrids, suggest that New Zealand labrids represent a subset of
the total pectoral fin diversity in the Labridae. Consequently, the potential for distinct trends

in fin aspect ratio and physical variables to be evident may be reduced.



INTRODUCTION

Understanding the processes which are important in structuring reef fish assemblages is a

central goal of reef fish ecologists. To determine these processes it is important to identify the

distribution and abundance patterns of the relevant species over the spatial scales of interest.

Previous studies have shown that the abundance and distribution of coral reef fishes can be

related to a variety of habitat characteristics (see review in Jones & Syms l9g8). For

instance, on coral reefs, reef fish abundance has been correlated with depth (Green 1996;

Munday et al. 1997; Richardson 1999), exposure (Russ 1984; Williams l99l; Gust et al.

2001; Gust 2002) or live coral cover (Bell & Galzin 1984; Bouchon-Navaro & Bouchon

1989)' In contrast, studies examining the spatial distribution and abundance of fishes on

temperate reefs are relatively rare (Larson & DeMarrini 1984; Choat & Ayling 1987; Francis

1996: Brook 2002) with many studies investigating only a single species (e.g. Cappo 1995;

Lowry & Suthers 1998). Temperate fish assemblages have been shown to be influenced by

wave exposure (Thorman 1986; Randall et al. 1998; Stella & Garzon-Ferreira 2000),

macroalgal cover @beling & Laur 1985; Anderson 1994) or water temperature (Stephens &
Tnrba l98l). In contrast to coral reef studies, workers have found no consistent depth related

trends (Bell et al. 1992; Cole et al. 1992). Furthermore, studies have failed to find a strong

correlation between reef fish density and habitat zones on coral (e.g. Green 1996; Gust 2OOZ)

and temperate reefs (Holbrook et al. 1993).

The most common family of reef fish in New 7.ealand, the Labridae, constitute a

characteristic element of the shallow-water reef fish fauna. Recent studies have found

correlations between pectoral fin morphology, swimming mode and patterns of habitat use in

labrid fishes (Bellwood & Wainwright 2001; Fulton et al. 2001; Fulton & BellwoodZ00Za:

Fulton & Bellwood 2004). Labrids rely on their pectoral fins during sustained swimming and

generally use two thrust-producing mechanisms: drag-based rowing and lift-based flapping.

Whilst the drag-based mechanism provides good acceleration and thrust at low speeds, lift-
based thrust is mechanically much more efficient at higher speeds (Vogel 1994; Walker &
Westneat 2000). A tendency to predominantly use either mechanism, and the associated

implications for their swimming abilities, is reflected in the pectoral fin morphology of each

species. Rounded fins (low aspect-ratio) are generally indicative of drag-based swimming at

slow speeds, whereas tapered fins (high aspect-ratio) indicate a tendency towards lift-based

swimming and generally higher sustained swimming speeds (Drucker & Jenson 1996; Walker



& Westneat 1997; Wainwright et al. 2002; Walker & Westneat 2002\. Recent studies have

utilised this functional relationship to link swimming abilities in the labrid fishes to their

patterns of distribution across several spatial scales. For example, Fulton et al. (2001) and

Bellwood & Wainwright (2001) revealed that labrids on rhe Great Barrier Reef (GBR) with

high pectoral fin aspect ratios dominated exposed high-energy locations, whereas species with

low pectoral fin aspect ratios were relatively rare or absent from such locations. Such studies

have suggested that the swimming abitities of species may be limiting their access to high-

energy locations, and may be a significant factor influencing their habitat use and

biogeography on coral reefs, from regional (Bellwood & Wainwright 2001) to global scales

(Bellwood et al.2002).

This work is an extension of Chapter 2 that investigated temporal changes in fish populations

in response to the establishment of a no-take marine reserve in northeastern New Zealand.

During that study, fish assemblages were found to vary between locations, a result consistent

with previous workers in this region (Choat & Ayling 1987; Brook 2002). These differences

have been attributed mainly to broad-scale hydrological patterns, particularly the East

Auckland Current, that facilitates the dispersal of larvae from subtropical regions to the

temperate waters in northern New Zealand (Francis & Evans 1993), The aim of this study

was to examine if depth and exposure influence the distribution and abundance of labrid

fishes in northeastern New Zealand and the relationship between swimming ability (as

examined through pectoral fin morphology) and these environmental variables. potential

differences between sexes in response to these variables were also explored. This paper

makes the assumption that, in labrids, the fin aspect ratio correlates with performance

(Drucker & Jenson 1996; Wainwright et al. 2OO2: Walker & Westneat 2002). However, this

assumption may not always hold true.



METHODS

Studv locations

Three locations were surveyed biannually in spring and autumn between 1999 and 2002; two

island locations, the Poor Knights and Mokohinau Islands, and a coastal location, Cape Brett.

An additional coastal location, Mimiwhangata, was surveyed in autumn 20O2 to give a further

mainland location for spatial comparisons (Fig. 3.1). General descriptions of coastal and

island habitats in northern New Zealand are given in Choat & Schiel (1982). The East

Auckland Current (EAC) influences all locations, to various extents. The EAC, derived from

the subtropical East Australian Current, flows offshore parallel to the Northland coast and

brings water that is clearer, and is often a few degrees warmer (-2.5 "C) than nearby coastal

areas (Stanton et al. 1997).

Figure 3.1. Map of New Zealand with the location of the four study locarions, Cape Brett,
Mimiwhangata, the Poor Knights Islands and the Mokohinau Islands.



Study species

Labrids were selected as the study species in this study as they are one of the most abundant

and widespread families of reef fish in New Zealand, with 25 species recorded (Froese &
Pauly 2003). Labrids also show little response to the presence of SCUBA divers which

makes visual census techniques a reliable measure of their distribution, abundance and

population density (Samoilys & Carlos 2000). The seven species selected for study are the

most abundant labrid species in northern New Zealand; these were Bodianus unimaculatus

Gunther 1862 (pigfish), Coris sandageri Hector 1884 (sandagers wrasse), Notolabrus

celidorus Bloch & Schneider 1801 (spotty), Notolabrus fucicola Richardson 1840 (banded

wrasse), Pseudolabrus luculentu.s Richardson 1848 (orange wrasse), Pseudolabrus miles

Schneider & Forster l80l (scarlet wrasse) and Suezichthys aytingi Russell 1985 (crimson

cleanerfish). Labrids are usually sexually dichromatic, each sex having a distinctive colour

phase. The relationship between colour phase and sex was confirmed for the above species

by histological examinations, except for N. fucicola where no relationship exists between

colour phase and sex (Barrett 1995; Denny & Schiel 20OZ). A final reason for selecting rhis

family for study was that, although mainly caught as bycatch by recreational fishers in New

Zealand, the commercial catch has increased from 0.285 tonnes in 1996 to 4.243 tonnes in

2000 (Statistics New Zealand 2002\.

Census technique

The distribution and abundance of labrids were visually censused within 25 m long x 5 m

wide (125 m2; transects following Chapter 2. Between l9 and 23 sites were surveyed at each

location (except at Mimiwhangata where 16 sites were surveyed), with nine transects being

completed at each site. Observers counted all labrid individuals encountered within each

transect and noted their colour phase. During each transect observers recorded the depth

within each of six categories (0-5, 6-10, I l-14, 15-19,20-24 and25+ metres).

Exposure

Wave exposure at each site was estimated using an index of potential fetch. Fetch, defined as

the area of the sea surface over which waves are generated by a wind having a constant

direction and speed, was calculated using the Fetch Effect Analysis@ computer program



Version l.l (E. Villouta, personal communication). Fetch was calculated by summing the

potential fetch for each l0-degree sector of the compass rose. For open sectors of water, the

potential fetch was arbitrarily set to 300 km. The use of fetch as an estimate of relative

exposure does not take into account differences in wave spectra among areas (Denny 1988)

but does permit tentative conclusions to be made (Thomas 1986). The use of fetch as a proxy

for exposure in northeastern New Zealand appears suitable as the longest fetch and largest

swells are from the northeast/east.

The following categories of wave exposure were defined: Very Protected (Vp - fetch < 300

km), Protected (P - 301 and 1000 km), Semi-Protected (SP - 1001-1500 km), Semi-Exposed

(SE - 150l-2500 km) and Exposed (E - fetch > 2501 km).

The average wave height and direction at all locations was estimated from data obtained from

the DATAWELL wave-rider buoy moored on the northern side of the Mokohinau Islands.

The data for each record were obtained by taking the average of a 20-minute record of the sea

surface height, which is transmitted to software running on a computer connected to a radio

receiver at the lrigh Marine Laboratory.

Fin aspect ratio

The study species were captured at various sites around northeastern New Zealand, by

handspear; B. unimaculatus (n = 40), C. sandageri (n = z3), N. celidotus (n = 6), N. fucicola
(n = 6), P. luculentus (n = 9), P. miles (n = l0) and.S. aylingi (n = l). Only one specimen of
S. aylingi was taken, as this species is relatively rare outside the Poor Knights, Three Kings

and Kermadec Islands (Francis et al. 1987). The standard length (SL, mm), wet weight (g)

and colour phase of each fish was recorded. The right pectoral fin was removed, spread and

pinned on white paper, and traced around in pencil. The length of the leading edge and the

total fin area were measured using digital image analysis in order to calculate the fin aspect

ratio; aspect ratio = Iength of leading edge2 divided by total fin area (Fulton et al. 2001).

Statistical analvsis

A non parametric MANOVA was conducted to examine if the labrid assemblage differed

significantfy between surveys and between locations (Anderson 2001). Pairwise a-posteriori



comparisons were completed to isolate where any significant differences occurred between

locations or surveys. To visualise differences between locations an unconstrained and

constrained multi-dimensional scaling (MDS) was performed in the Canonical Analysis of
Principal coordinates (CAP) statistical package on a Bray-Curtis dissimilarity matrix of log

(x+l) transformed data summed at the site level (Anderson & Willis 2003). A bi-ptot

showing the correlation between location and each species was also generated. Similarity

percentages (SIMPER) analysis was carried out to provide a measure of the average

contribution each species made to the average similarity/dissimilarity between locations and

the contribution of each species to different exposure levels. A general linear model (GLM)

was used to identify if significant differences existed between labrid species (and between

sexes) for the factors Location (with Site nested), Depth and Exposure. When significant

interactions occurred a Tukeys test was conducted to determine where the significant

interactions were. When several tests of significance are carried out simultaneously, the

probability of committing a type I error becomes larger. Accordingly the nominal value was

set at o = 0.01. ANOVA was conducted to examine differences in the fin aspect ratio

between species and a Pearson correlation test was used to examine the relationship between

standard length and the fin aspect ratio. A Pearson correlation test was also performed to

examine the relationship between the average density versus exposure (fetch),



RESULTS

The seven labrid species examined in this study accounted for l5 953 individuals recorded in

UVC at the study sites. Other labrids (e.g. Anampses elegans, Coris picta, Notolabrus

inscriptus, Sueziclthys arquatus and Thalassoma spp.) were recorded, however, they were

rare and did not contribute significantly to the overall structure of the labrid assemblage.

Labrid assemblage structure varied significantly between locations for each survey (Np-

MANOVA, all P < 0.05). This is supported by the CAP ordination from aurumn 2002 where

the labrid assemblages showed a degree of separation, albeit with some overlap (Fig. 3.2A).

All other surveys showed a similar pattern in both the constrained and unconstrained

ordination. The bi-plot shows the magnitude and direction that each species contributes

towards the separation of locations (Fig. 3.28). For example, N. celidorus was correlated with

Mimiwhangata and S. aylingi and P. luculentus are correlated with the Poor Knights. In
addition, the GLM found that all species showed a statistically significant location effect (all,

P < 0.01). The SIMPER analysis found that N. celidotus contributed 86Va of the total

abundance at Mimiwhangata, distinguishing this location from the other three (Fig. 3.3).

These three locations had a high contribution by C. sandageri (35 to 38Zo) but were

characterised by particular species. The Poor Knights had a high percentage contribution by

P. luculentus (2IVo) and B. unimaculatus (22Vo) with .S. aylingi also mainly found at this

location. The coastal Cape Brett location had a high contribution by N. fucicola (28Va) and N.

celidotus (I9Vo) and the Mokohinau Islands were characterised by B. unimaculatus (Z8Vo) and

P. miles (lTvo\.
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There was a clear depth distribution pattern for most species, with a similar trend found at all

locations (Frg. 3.a). All species were found at each depth strata, albeit in d.ifferent numbers.

There was, however, a significant Site(Loc) x Depth interaction term for five of the seven

species (except for N. celidotus and N. fucicola) that reflects the variation in species

abundance between locations. In spite of this interaction, most species showed consistent

trends at most locations. Three species, B. unimaculatus (F5Jsrr = 12.38, p < 0.001), p. miles

(Fs,ssrr = 5.7, P < 0.001) and S. aylfugi (Fs,:ssr = 3.39, P = 0.0046) were significanrly more

common in deeper waters.
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whereas N. fucicola (Fs,rstr = 16.26, P < 0.001) was mainly found in shallow waters (<10 m).

The remaining species also showed trends in abundance with depth, either increasing towards

deeper, P. luculenru.s, or shallower waters, C. sandageri and N. celidotus, but these were not

significant (Fig. 3.a). Species that typically occur in shallow habitats tend to reach a larger

overall size. For example, two of the three larger species, N..fucicola and C. sandageri, were

generally found in shallower waters.

Except for three species, both sexes followed a similar pattern with depth (Flg. 3.5). Female

B. unimaculatus occwed in significantly higher numbers in deeper waters compared to males

who were found equally distributed across all depths (Fs,ssoa = 3.91, p = 0.0015). Conversely,

N. celidotu,s (Fs,asga = 15.65, P < 0.001) and C. sandageri (Fs.*,o+ = 3.06, P = 0.009) females

were common in shallow waters, with males found equally distributed across all depths (Fig.

3.5).

Exposure (fetch) ranged from l6 to 6609 km, with 83Vo of sites having a fetch less than 3000

km. There was no statistically significant fetch effect for any species, except B. unimaculatus

(F+,rssz =4.6, P= 0.001), but trends were apparent for several species (Fig.3.6 &3.7). At
each location, the abundance of N. celidolns and C. sarzdageri was related to a low exposure

whereas the abundance of P. miles, S. aylingi and B. unimaculatzs were related to a higher

exposure. These results are supported by the SIMPER analysis that found P. miles (137o) was

most commonly recorded at the Exposed sites and N. celidotus (lIVo) and C. sandageri (557o)

were most commonly recorded in the Very Protected sites. Interestingly, N. fucicola was

found more often at the more exposed sites at the island locations and at the sheltered sites at

the coastal locations.
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Pectoral fin shape, expressed by fin aspect ratio, varied from a mean of 0.96 for N. fucicola to

2.0 for S. aylingi (Fig. 3.8). There was no statistically significant difference between the fin

aspect ratio for most species, with the exception of N. fucicola and C. sandageri, both of
which were significantly different from all other species (P < 0.05). There was also a

significant difference in the fin aspect ratio between P. luculentus and B. unimaculatus (p =
0.014).

There was a weak correlation between fin aspect ratio and standard length for species with

enough data to draw a trend (y' < 0.14), except for C. sandageri (r2 = 0.4). There was also a

trend for the males of C. sandageri and P. miles to have higher fin aspect ratios than females,

however these differences were not statistically significant (Fig. 3.9).
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DISCUSSION

This study examined the processes important in structuring labrid assemblages in northern

New Zealand. To do this the relationship between variables like exposure and depth, and

swimming ability (as indicated by pectoral morphology) were examined. Differences in the

labrid assemblages between the four locations are likely to have been due to the varying

influence of the East Auckland Current (EAC) (Ward & Roberts 1986; Choar & Ayling

1987). For example, the EAC has the least influence at Mimiwhangata, which has the lowest

number of 'subtropical' species (e.g. S. aylingi and P. luculentus\. Conversely, the EAC

flows directly past the Poor Knights bringing with it warrner waters and a higher number of

these 'subtropical' species. It is interesting to note that the coastal Cape Brett location had a

similar distribution of labrids as the offshore Mokohinau Islands, suggesting that the EAC has

a similar influence at both these locations. Moreover, the high numbers of N. celidotus

recorded at Mimiwhangata were not found at Cape Brett, a surprising result as these coastal

localities are only separated by 30 km. At Cape Brett N. celidotus may be out-competed by

larger species or Mimiwhangata may simply represent a more suitable recruitment habitat.

The spatial variation between locations was constant over time, a finding consistent with other

workers in northern New Zealand (Jones 1984; Choat et al. 1988), the Great Barrier Reef

(Green 1996) and the lndian Ocean (Irtourneur 1996).

When finer scale habitats were examined most species were associated with certain depth

strata. This depth related pattern was consistent at all locations, even though the overall

assemblage make-up differed. A reason for this depth stratification may be competition for

food (Thorman 1982; Holbrook & Schmitt 1986). Several species in this study have a degree

of dietary separation; crabs dominated the diet of B. unimaculatus, chitons and polychaetes in

C. sandageri, amphipods in the diet of P. Iuculentus, brittlestars and polychaetes for P. miles,

urchins and crabs for N. celidotus, and bivalves and crabs for N. fucicola (Russell 1983;

Denny, unpublished data). The extent to which the availability of prey determines the vertical

distribution of labrids was not investigated, however, depth may be related to diet as urchins,

an important prey item for N. celidotu,!, are mainly found in 4-10 m depth stratum (Choat &
Ayling 1987). Alternatively, the depth related differences might be due to species

displacement (Daan 1980). Competitive interactions are most likely between ecologically

similar species of the same size. For example, two larger species, B. unimaculatus and N.

fucicola occurred mainly in deep or shallow areas, respectively. Likewise, two smaller



species P. miles and N. celidotus, were mostly found in deep or shallow areas, respectively,

suggesting some form of competition may exist. However, this hypothesis was not tested as

inter-specific aggression was seldom observed.

Three species also showed a depth related pattern with sex; C. sandageri and S. aylingi

females were common in shallow waters whereas B. unimaculatus females were found more

often in deeper waters. A sex related change in depth preference was found for another

common reef fish, Cheilodactylus spectabilis, where females and juveniles dominated the

shallow habitats and males were most abundant in the deepest parts of the reef (McCormick

1989). Ontogenetic migrations between (Green 1996) and within (Fulton & Bellwood2O02a)

habitat zones have been recorded in some tropical labrids. The reasons for the sex differences

observed in this study are unclear but may be due to an ontogenetic change in preferred prey

items or reduced predation risk with changing depth.

The use of fetch as a proxy for exposure does not take into account the complexity of wave

theory (Denny 1988). In spite of this limitation, a conservative estimate of how fish

assemblages are structured in relation to wave energy can be provided. Patterns were

observed for several species where their abundance decreased with increased levels of
exposure and vice versa. This finding is consistent with studies that found varying wave

exposure is a principal cause in the change in the composition and abundance of fish in the

surf zone (Romer 1990) and on tropical reefs (Williams & Hatcher 1983; Gust er al. 2001;

Gust 2002). However, as surveys were undertaken when the weather was relatively calm

(<1.5 m swell), the observed patterns are likely to provide a conservative measure of the

impact of wave action. For example, during large storm events which can produce 12 m

swells at the offshore islands (based on wave-rider buoy data), fish remaining in shallow

waters may suffer mortality from physical abrasion and gill damage. Therefore, during severe

weather conditions fish communities are likely to respond by shifting from shallow exposed

areas into deeper waters that provide refuges from heavy seas (Walsh 1983; Friedlander &
Parrish 1998).

Trends were found in the abundance of several species with different depths and exposure

gradients but no obvious relationship between the pectoral fin aspect ratio and these physical

variables for most species, with the exception of P. luculentus. This species had a low fin

aspect ratio and was found mainly in deeper areas with a moderate exposure, consistent with
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studies in tropical systems (Bellwood & Wainwright 2001;Fulton et al. 2001). Interestingly,

for at least one of the physical variables, some species did follow the hypothesis that fish with

a high fin aspect ratio should occur in shallow areas with a high exposure and vice versa. For

example, B. uninmculatus, with a higher aspect ratio, were chiefly found in areas with higher

levefs of exposure and N. celidotus, with a low fin aspect ratio, were found mostly in areas

with low levels of exposure. However, both species were primarily found in the opposite

depth strata to that predicted by the hypothesis. The variation in these results shows that,

although there are consistent patterns for depth and exposure for many species, these trends

are often unrelated to the fin aspect ratio, and in some cases show the reverse pattern.

The average fin aspect ratios found in New Zealand labrids were, on average, Iower compared

to labrids from the GBR (Fulton et al. 2001; Wainwright et al. 2OOZ). The lower fin aspect

ratios observed for labrids in New Znaland, may largely be due to the reduced diversity of this

assemblage, combined with the possibility that labrids on New Zealand, reefs have not

evolved the high fin aspect ratios observed for their tropical counterparts (Bellwood et al.

20OZ). There are 16 permanent labrid species recorded in New Znalandwaters (Francis 2001)

compared to 16l on the GBR (Froese & Pauly 2003). The lower number of species in New

T.ealand coupled with a degree of dietary separation, and an ability to forage widely means

that different species can co-exist with little antagonism. Alternatively, wave exposure might

not be as important an influence on New Zealand's rocky reefs as on coral reefs of the GBR.

This is in spite of the similar average wave climate in both regions, 0.8 m in New Zealand,

(Pickrill & Mitchell 1979) versus 0.75 m on the GBR (P. Kench, personal communication).

There are, however, higher maximum waves in extreme weather conditions in New 7naland,,

l2m (wave-rider buoy data) versus 7.5m on the GBR (Allen & Callaghan 2000). Labrids in

New Zealand may be better able to find suitable shelter during these storms events whereas

shelter may be limited on the GBR. However, given the high habitat heterogeneity of coral

reefs, it is likely there is suitable shelter available for many species. Alternatively, because

labrids in New Zealand tend to prey on benthic invertebrates (Russell 1983; Denny & Schiel

2001) slow-speed manoeuvring around the reef is probably more important than high-speed

cruising. This idea is consistent with Fulton et al. (2001) who indicated that species with low

fin aspect ratios tended to occur in closer association with the structure of the reef. Two

species that can both act as cleanerfish, S. aylingi and C. sandageri,had the highest fin aspect

ratios. This is consistent with observations that cleanerfish may spend considerable amounts
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of time swimming higher in the water column, an environment where a higher fin aspect ratio

may be more suitable (Fulton et al. 2001).

There was little change in pectoral fin morphology with increasing size for most species,

except for C. sandageri. This suggests that most species displayed a similar relative

swimming ability for a given size. This is in contrast with Fulton & Bellwood (2002a), who

demonstrated that five labrid species (out of eight) from the GBR displayed marked shifts in

pectoral fin aspect ratio with size, these species typically being those which displayed a high

fin aspect ratio as adults. Notably, Fulton & Bellwood (2004) revealed that swimming speed

varies strongly with overall size in temperate labrids from New South Wales, with the

maximum size of the species ultimately having a greater impact on differences in swimming

ability among species than differences in fin morphology. In New Zealand, tabrids found

mainly in the shallows were predominantly of a larger size than those found in deeper waters.

However, the small sample size for some species in this study may have hidden some of these

trends, with fin shape and swimming performance data from an expanded size range of
individuals being needed to resolve this issue of size effects.

The relationship between labrid density and habitat characteristics was not examined in this

study as most workers have failed to find a strong correlation between reef fish density and

habitat (e.g. Holbrook et al. 1993; Green 1996; Gust 20OZ). For example, on temperate

Californian reefs, Holbrook et al. (1993) found that physical variables explained more spatial

variation in reef fish densities than did biological variables. Moreover, most labrids have

large home ranges (Banett 1995) and can range over a variety of habitats using foraging path

strategies which cover large distances in very short time periods (Fulton & Bellwood 2002b).

Accordingly, many labrid species may be unlikely to show a strong association with specific

habitat characteristics (Roberts & Ormond 1987).

The relationship between pectoral fin aspect ratio and depth and exposure was not as strongly

evident for most labrids in this temperate assemblage as has been previously found in tropical

reef fish systems (Bellwood & Wainwright 2001; Fulton et al. 2001; Bellwood et al.2O02;

Fulton & Bellwood 2004). Although some species did follow the predicted shifts in fin aspect

ratio with depth and/or exposure, the observed trends were unrelated to fin aspect ratio for

many other species. Whilst these findings suggest that wave exposure may not be as

important for labrids assemblages on northeastern New Zealand reefs as it may be in tropical
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coral reefs systems, the overall magnitude of fin aspect ratios in these New Zealand labrids

was low compared to tropical labrids. Consequently, the labrids in this study represent a

subset of the total pectoral fin diversity (and associated range in swimming abilities) in the

Labridae, possibly reducing the potential for distinct trends in the fin aspect ratio and

depth/exposure to be evident.
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ABSTRACT

This study reports the response of Pagrus auratus (snapper) to the establishment of no-take

status in a marine reserve around the Poor Knights Islands in northeastern New Zealand. The

Poor Knights and two reference locations, Cape Brett and the Mokohinau Islands, were

sampled biannually for 4 years using baited underwater video (BUV). Following the

implementation of full marine reserve status at the Poor Knights in October 1998, snapper

showed significant increases in abundance and biomass relative to fished control locations.

This was particularly apparent for large snapper (>270 mm) whose numbers increased rapidly

to levels 7.4 times higher in the final survey compared to the initial pre-reserve survey, and

total snapper biomass increased by 8187o, There was no significant increase in the

abundance, biomass or size of snapper at the reference locations over this time. There was a

strong seasonal trend in snapper abundance, with higher numbers in autumn (March/April)

compared to spring (September/October). The daily batch fecundity was ll to 18 times

higher at the Poor Knights compared to the reference locations. Once fishing ceased in

previously partially protected areas, a rapid recovery of snapper ensued, suggesting that

partial fishing regulations are ineffective for protecting targeted species. The speed of

increase in snapper density resulted from the immigration of adult fish into the reserve, rather

than from within-reserve recruitment.
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INTRODUCTION

No-take marine reserves are becoming an increasingly popular concept for protecting fish

species susceptible to exploitation from fishing, and the evidence that marine reserves

increase the density, biomass and size of target species on reefs appears considerable (see

reviews in Roberts & Polunin 1991; Dugan & Davis 1993; Rowley 1994; Attwood et al.

1997; Mosquera et al.2000; Palumbi 2001; Halpem 2003). However, in a recent review,

Russ (2002) concluded that the empirical evidence for positive marine reserve effects is more

equivocal than other reviews have suggested, with a lack of well designed, definitive

experiments carried out at appropriate scales of time and space (also see Guidetti 2002; Willis

er al. 2003b).

The lack of suitable data prior to the establishment of a marine reserve makes it difficult to

quantify the rate of response to protection. However, where pre-reserve data are available,

rapid rates of increase have been reported (White 1988; Russ & Alcala 1996; Edgar & Barrett

1999). For example, McClanahan & Kaunda-Arara (1996) found that lethrinids showed a

13.5 fold increase in biomass in the Mombasa National Park over 3 years following reserve

establishment. In a recent meta-analysis, Halpern & Warner (2002) noted that significant

increases in density and biomass are attained in the first I to 3 years after protection.

However, the strength of their meta-analysis is reduced by the heterogeneity of the sample,

mixing well managed with poorly managed reserves, and partial with full protecrion (Gell &

Roberts 2003).

As mentioned in Chapter 2, the Poor Knights Islands Marine Reserve (PKIMR) was

established in 1981 with special fisheries regulations. From 1981 to October 1998, all

commercial fishing was prohibited but restricted recreational fishing was permitted within

95Vo of the reserve area (see Fig. 2.1 for protected areas). Prior to I October 1998, when the

Poor Knights was given no-take marine reserve status, it was effectively a partial marine

reserve. Allowing certain forms of fishing in marine reserves or marine protected areas

(MPAs) is a common scenario, and is often advocated by groups with direct fishing interests

as a 'compromise' solution, allowing both protection and fishing. For example, Francour et

al. (2001) found that amateur and commercial fishing was allowed in half the MPAs in the

Mediterranean, and of the 100 MPA's in California, less than a quarter of lVo of their

combined area is completely protected from fishing (McArdte 1997). Studies of the effects of



fishing have indicated that relatively linle fishing pressure is needed to cause significant

reductions in the density of targeted species (Russ & Alcala 1989; Jennings & Polunin 1996).

Despite this, the effectiveness of partial closures for either conservation or enhanced fishing

has not been well evaluated (but see Francour 1994; Vacchi et al. 1998; Westera et al. 2003).

This study examines the effects of full marine reserve protection on snapper (Pagrus auratus

Bloch and Schneider l80l) populations at the Poor Knights, and compares temporal trends in

snapper density with two reference locations, Cape Brett and the Mokohinau Islands. Snapper

are the most abundant demersal predatory fish species in northeast New Zealand, and they

suppoll one of New Zealand's most valuable commercial and recreational fisheries. This

species is a dominant predator and is thought to have an impact on the structure and dynamics

of coastal marine ecosystems in New Zealand (Babcock et al. 1999; Shears & Babcock 2002;

Shears & Babcock 2003). In this study, baited underwater video (BUV) was used to provide

quantitative estimates of snapper abundance, biomass, size and egg production. This study

provides a record of the rate of recolonisation of a key fish species, providing valuable

insights into the mechanisms of fish recovery in marine reserves.

METHODS

Studv locations

Three locations were suryeyed in northeastern New Zealand; the PKIMR, Cape Brett and the

Mokohinau Islands (See Fig.2.1). Details of these locations and the timing of surveys are

described in Chapter 2.
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Baited underwater video (BUV)

Use of the BUV technique (Willis & Babcock 2000) allows sampling of carnivorous species

that are not amenable to underwater visual census methods and can sample at depths greater

than scuba divers can operate. The BUV system consists of a triangular stainless steel stand,

with a Sony XC-777P high-resolution colour camera in a waterproof housing, positioned 1.25

m above a bait container with ca. 300 g of pilchard (Sardinops neopilchardus). The BUV was

deployed from the research vessel to depths of up to 50 m. Each sequence was recorded for

30 min from the time the video assembly reached bottom. A 100 m long coaxial cable

connected the underwater camera to a Sony GV-S50E video monitor and 8 mm recorder on

the research vessel, enabling the operator to ensure the stand was upright and positioned over

suitable substratum. Thirty replicate deployments were made at each location on each

occasion.

At the laboratory, 8 mm videotapes were copied to 16 mm VHS tapes for analysis and

archiving. Videotapes were played back with a real-time counter, and the maximum number

of snapper observed during each minute was recorded to determine the maximum number of

snapper in each replicate. Recording the maximum number has been previously shown to

provide the best estimates of relative snapper density (Willis & Babcock 2000). This

approach is likely to result in more conservative abundance estimates in high-density areas

than low-density areas; and therefore differences between sites are likety to be conservative.

The lengths of snapper were obtained by digitising video images using the Sigmascan@

image analysis system. Measurements were taken only of those fish present when the count

of the maximum number of fish of a given species in a sequence was made. This means that

some fish moving in and out of the field of view may not have been measured, and the

method avoids repeated measurements of the same individuals. This approach is likely to

result in more conservative abundance estimates in high-density areas than low-density areas;

differences between sites are therefore likelv to be conservative.

To calculate the biomass (weight: W) of snapper, lengths (SL, mm) were converted to mass

(g) using the formula:

W = 0.00007194 x SL2 
7e3 (Taylor & Willis 1998)
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To determine the difference in potential reproductive output between the reserve and

reference locations, snapper fecundity (expressed as daily batch fecundity (F)) was calculated

using the formula:

F =73'9 xW -7793 (Zgldis & Francis 1998)

See Willis et al. (2003a) for a detailed description of this methodology.

Statistical analvsis

BUV data are counts and therefore typically do not satisfy the assumptions of normality and

homogeneity of variance that are required by ANOVA. Accordingly, the data were analysed

using a log-linear model (assuming a Poisson distribution) to obtain unbiased estimates of the

relative abundance of snapper and determine the ratio of snapper change. The minimum legal

size (MLS) of 270 mm SL is the smallest size at which this species can be legally retained if
caught by recreational fishers. Therefore, changes in the density of sublegal (<270 mm SL)

and legal (>270 mm) snapper present between spring surveys were also determined.

'Survey', 'Location' and 'Season' were the factors used in the model.

The initial survey at the Poor Knights was conducted when areas had either full or partial

protection (see Fig. 1). This allowed an assessment of the effectiveness of different protection

regimes. The number of snapper per BUV from both fully protected areas and areas with

partial protection, using only the spring 1998 survey, were analysed using a log-linear model

with 'Status' the factor in the main model.

To test whether the regression slope of legal snapper density versus time (spring data only)

was significantly different between locations, the Graphpad Prism@ (V4) computer program

was used. This program compares regression lines (Zar 1984) and is equivalent to ANCOVA.

Changes in the size of snapper were analysed using pairwise Kolmogorov-Smirnov tests and

analysis of variance (ANOVA). Data were tested for normality using the Shapiro-Wilks test

and examination of residual plots. The observed differences between the mean sizes were

tested for statistical significance using Tukeys Studentized Range Test.



Chapter Four: Response of snapper to protection 7l

RESULTS

Total snapper density at the PKIMR increased significantly after complete protection, so that

after 4 years snapper were 6.9 times more abundant (lower 95Vo confidence limit (CL) of 3.6,

upper 957o CL of 13.2) (X'o.r* = 59.5, P < 0.01). When legal snapper (>270 mm) were

examined at the PKIMR (fish over this size are vulnerable to fishing), overall densities had

increased by 7.4 times (95Vo CL 3.8, 14.5) since the initial survey (X'n,ro, = 71.1, p < 0.01)

ffig. a.lA). Changes in the density of legal snapper between spring surveys were examined,

as fish present during spring are likely to be residents (Willis et al. 2001). Numbers increased

significantly by 4.5 times (95Vo CL 2.3, 8.5) in the spring surveys between 1998-1999 (X'r.r.,

= 26.21, P < 0.01) and by 1.59 times berween 2000-2001 (x'r,uo = 5.92, p = 0.015). There

was no statistically significant change in the density of legal snapper at the reference locations

(Fig. 4.lA). The density of legal snapper at the PKIMR was 22.1and 10.8 times higher than

at Cape Brett and the Mokohinau Islands (95Vo CL 8.8, 55.6 and 5.1,23.1, respectively). The

regression slope of legal snapper density versus time (using spring data) was significantly

different between the Poor Knights and both the Mokohinau Islands (ANCOVA, F = 10.96, p

= 0.02) and Cape Brett (F = 11.64, p = 0.019). There was no sraristically significant

difference in the regression slope between reference locations.

The density of sublegal snapper increased significantly at the PKIMR by 6.2 rimes (95Vo CL

2.5, 15.8) since the initial survey (X2+tqt = 22.9, P < 0.01) (Fig. a.lB). The overall density of

sublegal fish did not differ significantly between locations but did tend to be higher at Cape

Brett than at either island location. Moreover, the density of sublegal snapper appears to be

variable, with Cape Brett varying more than the island locations (Fig. a.lB). The very high

numbers of sublegal snapper recorded in autumn 2001 and 2002 are positively correlated with

the warmer than average sea surface temperature (SST) throughout 1999 (Fig. 2.6) (SST data

from the Leigh Marine Laboratory Climate Records).

There was a significant difference in snapper density between autumn and spring at all three

locations (X'r.ro, = 129.36, P < 0.01), a trend apparent for both legal and sublegal fish (Fig.

4.1). The mean number of snapper was 2.3 times (957o CL 1.9,2.6) higher in autumn

compared to spring.
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Figure 4.1. Mean number of (A) legal size snapper (>210 mm), (B) sublegal snapper (<270
mm) per BUV (t SE) at the PKIMR from spring 1998 to autumn 2002 and at Cape Brett and
the Mokohinau Islands from spring 1999 to spring 2002. Spr and Aut indicate spring and
autumn, respectively. Arrow on x-axis indicates establishment of no-take reserve status.

The relative density of legal snapper was compared between areas with full and partial

protection in Spring 1998 (prior to full no-take status). There was no statistically significant

difference in the density of snapper between the fully and partially protected areas. In fact,

the starting densities were virtually identical and both increased only after full reserve

protection was given to the entire area.
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Figure 4.2. Mean number of legal snapper per BUV (t SE) from areas that were previously
fully protected and areas that were partially protected at the Poor Knights. y2 and p-values
above a * indicate statistically significant differences. Spr and Aut indicate spring and
autumn, respectively. Arrow on the x-axis indicates the establishment of no-take reserve
status.

There was an increase in the number of larger snapper at the PKIMR, with over two-thirds of

fish in the later surveys greater than the minimum legal size (Fig. 4.3). In contrast, there was

no change in the size of snapper at the Mokohinau Islands (mean range between 215 and 258

mm) or Cape Brett, where the highest numbers of small fish were consistently recorded (mean

range between 200 and 22I mm). Tukey's test found the mean size of snapper was always

significantly larger at the PKIMR compared to the reference locations, and snapper at the

Mokohinau Islands were usually significantly larger than at Cape Brett (Table 4.1). Large

snapper (>400 mm) have become increasingly common at the PKIMR, whereas at the

reference locations, these large fish are almost never recorded (Fig. a.3). There was no

significant difference in the size of snapper between seasons at the PKIMR and Cape Brett.

However, snapper were significantly larger in spring at the Mokohinau Islands compared to

the autumn surveys (ANOVA, Fr.z3t = 35.87, p < 0.01), due to low numbers of sublegal fish

in spring (Fig. a.3).
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Table 4.1. Tukeys Studentized Range (HSD) test for snapper size differences (mm) between
locations with 957o confidence limits. * indicates a statistically significant result at P < 0.05.

PKMR-Mokohinau Is. PKIMR-Cape Brett Mokohinau Is.-Caoe Brett
Survey Diff b/w 95Vo CI- Diff b/w 95Vo CL Diff b/w

means means means
95VoCL

1999 Spring
2000 Autumn

2000 Spring
2001 Autumn

2001 Spring
2002 Autumn
2002 Spring

46.6 - 87.8
51.8 - 87.1

30.3 - 73.9
97.5 - 127.3

77.7 - 120.5
70.6 - 95.8
45.0 - 81.9

70.3 - 106.0
82.0 - I 11.9

73.7 - t09.1
r 15.0 - 140.7
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20.9
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15.4+

36.5*
5.4

31.0*

The mean snapper biomass per BUV deployment increased significantly by 8L8Vo at the

PKIMR (Fz,no = 8.35, P < 0.01) fromTTI g (t 305 SD) in the initial survey to 6310 g (t 552)

in the final survey. There was no significant increase in biomass at the reference locations. In

fact, snapper biomass for the final surveys at the reference locations were very similar to the

initial Poor Knights survey; 747 g (t 158) at the Mokohinau Islands and 878 (t l14) ar Cape

Brett.

The daily batch fecundity of snapper was similar between the Poor Knights and the reference

locations in the initial surveys. However, when the final surveys were compared, daily egg

production at the PKIMR was 18.7 (x,2.3 SE) and I1.6 (t 1.8) times higher than at Cape Brett

and the Mokohinau Islands, respectively (Xzz;o+z= 138.78, p < 0.01). In addition, daily egg

production significantly increased 8.5 1+ 0.7) times at the PKIMR between the initial and final

survey (P < 0.01).
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Figure 4.3. Size frequency graph of snapper at the Poor Knights from spring 1998 to spring
2OO2 and at Cape Brett and the Mokohinau Islands from spring 1999 to spring 2002. Line
indicates the minimum legal size (270 mm).
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DISCUSSION

Following the implementation of full marine reserve status at the Poor Knights in 1998,

snapper showed significant increases relative to reference locations in abundance and biomass

over time. The magnitude of increase in snapper in the PKIMR is consistent with many other

studies that found a significant increase in the density and./or biomass of large predatory fish

following no-take status (White 1988; McClanahan & Kaunda-Arara 1996; Russ & Alcala

1996; Edgar & Barrett 1999). The increase in snapper abundance following protection was

surprisingly rapid: some time lag period might be expected when fish populations are

recovering from previous heavy fishing pressure (Polunin & Roberts 1993). For example,

Russ & Alcala (1996) found a slow increase in fish biomass in the first 3-5 years of

protection, followed by a more rapid increase in the next 4 years. This time lag might be

particularly noticeable where recovery is dependent on recruitment. Recovery rates are likely

to be variable and can depend on other factors such as species, location and level of

exploitation.

The rapid recovery of snapper at the PKIMR, particularly in the first year, is due to the

immigration of large fish rather than juvenile recruitment and is consistent with results from

Chapter 2. These large fish arrive at the PKIMR because of regular seasonal onshore and

offshore movements (Willis et al. 2003a). A proportion of these fish take up residence on the

reefs where they may remain in home range areas of less than 300 m diameter (Parsons et al.

2003) for more than 4 years (Willis et al. 2001). This idea has been visited by Willis et al.

(2003a), and is well supported by data at the PKIMR where fish present had a modal size of

410 mm SL by autumn 2000. These fish would be approximately 14 years old (Millar et al.

1999) so cannot have not grown to this size in the 2 years after full protection. The variable

densities of sublegal snapper, related to the sea surface temperature and seasonal deviations in

the EAC (Francis 1993), probably accounts for the initial increase in sublegal snapper at the

PKIMR, rather than an effect of the marine reserve itself.

Seasonal variation in snapper abundance is consistent with other studies on snapper in New

Zealand (Willis et al. 2003a). This seasonal trend is a well-known phenomenon among reef

fish with many species undertaking relatively extensive seasonal migrations that can range

from a few metres up to several kilometres (Hobson 1973; Hyndes et al. 1999). The most

likely reason for the seasonal variation in snapper is an onshore migration to shallower waters
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in summer to spawn (Crossland 1977; Robertson 1983) and a return to deeper offshore areas

in winter. Altematively, the observed temporal variation may be explained by feeding

migrations (Ogden & Buckman 1973). Despite the commercial importance of snapper, their

behaviour and ecology at small spatial scales is still poorly known. The investigation of

snapper movements, home range sizes and spatial patterns of resource use using radio

telemetry is currently underway @gli & Babcock 2002).

Large snapper are capable of producing more eggs per unit body mass than smaller fish

(Zeldis & Francis 1998). Therefore, the number of large snapper and their high potential egg

production means that the PKIMR could act as a source of eggs and./or larvae, that may

eventually settle outside the reserve - as well as within it (Jones et al. 1999; Swearer et al.

1999). The potential egg production at the PKIMR, 18.7 times higher than the coast, is very

similar to the values found by Willis et al. (2003a) in other marine reserves in northern New

Z'e,aland. If the potential egg production is assumed 18 times higher in the PKIMR compared

to the adjacent coast, then the PKIMR, with a coastline of 20.1 km, represents egg production

equal to 362 krn of 'fished' coastline. Thus, relatively small no-take reserves have the

potential to sustain recruitment in much larger portions of the coast.

This study provides evidence that partial fishing regulations are ineffective at protecting

targeted species, at least where recreational and commercial fishers both target the same

species. This presents a powerful argument against the widely held view that recreational

fishing cannot affect fish populations. There was no build-up of snapper populations at the

Poor Knights during the l7-year period that special regulations allowed recreational fishing

within 957o of the marine reserve. This was most likely due to recreational fishing pressure,

as even limited fishing effort would maintain fish biomass at low levels (Jennings & Polunin

1996). Similar results were found at the Mimiwhangata Marine Park (identical fishing

restrictions as were present at the Poor Knights prior to full reserve status) where no

difference was found in snapper numbers between protected and adjacent unprotected areas

(Chapter 5). Paradoxically, fishing pressure may have been higher in the 1980s and 1990s at

the Poor Knights than at the Mokohinau Islands or the adjacent coast. In the absence of

commercial fishing, there may have been a perception that fish were larger and more plentiful

in the reserve area. Thus, 'marine reserye' status and fishing gear restrictions at the Poor

Knights may have had exactly the opposite effect to that intended.
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There was no difference in relative snapper density between the small, fully protected areas

and the larger partially protected areas, prior to the islands receiving no-take status. The

exclusion zones may have been too small to effectively protect snapper from fishing pressure:

tagging studies suggest that some snapper move over moderate distances (> 100 km) (Paul

1967), although Parsons et al. (2003) found some snapper to have considerable site fidelity

(home ranges not exceeding 650 m). There may also have been considerable edge effects

because of the small size and configuration of the closed areas, resulting in fish being caught

outside the areas. Edge effects have been demonstrated at the Lrigh Marine Reserve (Willis

et al. 2000), where recreational fishers commonly anchor and fish on the reserve boundary.

After implementation of no-take protection at the Poor Knights, snapper numbers were

usually higher in previously fully protected as opposed to partially protected areas. This

difference probably reflects habitat: shallow reef and sand patches found in the previously

fully protected areas are rare elsewhere in the reserve. This finding is important because

recent meta-analyses (e.g. Mosquera et al. 2000; Halpern 2003) have made general statements

about the uniformity of response to protection from fishing regardless of reserve size. Their

conclusions are not universal and will not apply to all species or all locations.

This study has clearly demonstrated the effectiveness of no-take status at the PKIMR for

increasing the density of a targeted fish species. The speed and magnitude of response of

snapper to the complete cessation of fishing demonstrates that partial closures can be

ineffective as conseryation tools for heavily targeted species. It is clear that the rate of

recolonisation of fishes to protected areas is likely to be at least partially dependent on the

natural abundance of fish found in the locality, as well as local habitat quality. This can be

seen in the varying reserve:non-reserve ratios of legal snapper at no-take reserves on the

nearby mainland coast which range from 8.8:l to 16.5:1 (Willis et al.2003a). There is no

quantifiable recovery of snapper in reserves in central New Zealand where snapper would be

expected to be an important component of the reef fish assemblage e.g. Tonga Island (R.

Davidson, personal communication). Therefore, prediction of the magnitude of species

responses to the implementation of new reserves is difficult, as they are likely to be location-

specific.
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Chapter Five: Do partial marine reserves protect reef fish

assemblages?

Denny, C.M. & Babcock, R.C. (2004| Biological Conservation I16(I). I 19-129

Keywords: Mimiwhangata Marine Park ' marine protected area' Pagrus auratus' snapper'

New Zealand ' gear restrictions

ABSTRACT

Fish assemblages in the Mimiwhangata Marine Park, an area closed to commercial fishing but

open to most forms of recreational fishing, were compared to adjacent fished areas. Two

survey methodologies were used; baited underwater video (BW) and underwater visual

census (WC). Pagrus auratus (snapper), the most heavily targeted fish species in the region,

showed no difference in abundance or size between the Marine Park and adjacent control

areas. When compared to the fully no-take Poor Knights Islands Marine Reserve and two

other reference areas open to all kinds of fishing (Cape Brett and the Mokohinau Islands), the

abundance and size of snapper at the Marine Park were most similar to fished reference areas.

In fact, the Marine Park had the lowest mean numbers and sizes of snapper of all areas, no-

take or open to fishing. BUV found that Bodianus unimaculatas (pigfish), Paika scaber

(leatherjackets) and Pseudocaranx dentex (trevally) were significantly more common in the

Marine Park, than in the adjacent control areas. However, none of these species are heavily

targeted by fishers. UVC found similar results with five species significantly more abundant

in the Marine Park and five species more abundant outside the Marine Park. The lack of any

recovery by snapper within the Marine Park, despite the exclusion of commercial fishers and

restrictions on recreational fishing, indicates that partial closures are ineffective as

conservation tools. The data suggest fishing pressure within the Marine Park is at least as

high as at other 'fished' sites.



Chapter Five: Effect of partial orotection 84

INTRODUCTION

Marine Protected Areas (MPAs) have recently become a major focus in marine conservation.

While much of the literature on MPAs has dealt with no-take areas, MPAs can offer many

levels of protection and many afford only partial protection, allowing certain types of fishing.

For example, Francour et al. (2001) found that amateur and commercial fishing was allowed

in half the MPAs in the Mediterranean and Bohnsack (1997) pointed out that 99.5Vo of the

Florida Keys Marine Sanctuary provided no protection for any species. The world's largest

MPA, the Great Barrier Reef Marine Park, has many levels of zoning, most of which allow

fishing of some kind and less than 5Vo of the area is no-take (Anon. 2002)'. With growing

worldwide pressure to increase the level of protection afforded to marine habitats, partial

fishing closures are often advocated by groups with direct fishing interests. Such partial

closures are promoted as a 'compromise' solution allowing both protection and fishing.

Paltial closures may reduce the impacts on by-catch. This is particularly so in areas affected

by destructive fishing practices, and in such circumstances they can be quite effective (Thrush

et al. 1998). Depending on the behaviour of fish and fishers, partial closures may result in

reduction of incidental mortality even in hook and line fisheries. Furthermore, partial closures

may benefit some species. Allowing fishing for the dominant predators on a reef may

actually increase the abundance of prey species. This may be a useful technique to increase

the abundance of an endangered prey species. However, the effectiveness of partial closures

for either conservation or enhanced fishing for a subset offishers has not been well evaluated.

In spite of the number of MPAs worldwide, only a few studies have assessed the effects of

partial protection on reef fish populations (Francour 1994; Vacchi et al. 1998; Francour et al.

2001).

The Mimiwhangata Marine Park was established in 1984 with the aim of protecting long-

lived reef fish that are vulnerable to overfishing or have low reproductive rates. Special

fisheries regulations exist at Mimiwhangata prohibiting all commercial fishing, nets and long-

Iines. However, recreational fishers may use the following methods: unweighted, single-hook

lines, trolling and spearing. A number of species are permitted to be caught within the Marine

Park, all thought to be nomadic or pelagic at the time of the park's creation (see Table 5.3 for

takeable species). That is, they were not considered part of the resident reef fish assemblage.

However, the inclusion of these species was based on very limited knowledge of their biology
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and behaviour. Three of these species, Pseudocaranx dentex (trevally), Pagrus aur&tus

(snapper) and Seriola lalandi (kingfish) are now known to be wholly or partially resident of

reefs. P. dentex are reef-associated as juveniles, whereas adults can be found near reefs or in

open water (Kingsford 1989; Francis 2001), snapper can become perrnanent residents on

particular areas of reefs (Willis et al. 2001), and ^S. Ialandi are largely reef-associated rather

than ocean pelagics (Saul & Holdsworth 1992). All three species are targeted by recreational

and commercial fishers, but snapper are the most abundant demersal predatory fish species in

northeast New Zealand and support New Zealand's most valuable commercial and

recreational fi sheri es.

The main objective of this study was to evaluate the effectiveness of partial protection on the

reef fish assemblages within and around the Mimiwhangata Marine Park. Fufthermore,

snapper abundance at Mimiwhangata was compared with data from three nearby areas in

northern New Zealand, the no-take Poor Knights Islands Marine Reserve (PKIMR), the

Mokohinau Islands and Cape Brett which are both fully open to fishing (Fig. 5.1). In this

survey, two different methods were used to provide quantitative estimates of fish abundance

and size; baited underwater video (BUV) and underwater visual census (UVC).

METHODS

Studv locations

The Mimiwhangata Marine Park, established in 1984, is located on New Zealand's northeast

coast (35o25'5, I74o26'E), extending I km offshore, and covering about 20 km2 Grg. 5.1).

Within the Marine Park boundaries, there are a variety of habitats such as shallow and deep

rocky reefs, boulder fields, sandy areas, urchin barrens, and algal turf flats. For the current

survey, the Marine Park was divided into four areas, and these were compared with four

control areas outside the Marine Park (two at either end of the Marine Park) to assess

differences inside and outside the Marine Park (Fig.5.1). This sampling design has been

used in numerous other studies of fish in New Zealand marine reserves (Willis & Babcock

2000; Willis et al. 2000; Willis et al. 2003). This design has the dual advantages of ensuring

reference areas are similar to reserve areas, as well as enabling the detection of any edge

effects that might be related to the encroachment of fishing effects into the reserve, (or

alternatively spillover). Sampling was conducted between 08:00 and 17:00 h from 2-5 April



2002. Data were collected concurrently at three additional locations in northeastem New

Zealand as part of a related study; two island locations (the Poor Knights Islands and

Mokohinau Islands) and another mainland location (Cape Brett) (See Fig. 3.1). Their

inclusion in this study provided an example of how snapper numbers in other fished and

unfished areas of northern New Zealand compare with Mimiwhangata. Biogeographic

differences between these sites and Mimiwhangata limit their usefulness in the context of

comparing whole fish assemblages (Choat & Ayling 1987; Brook2002)'

Baited underwater video

The baited underwater video (BUV) technique is a practical technique to sample snapper and

other carnivorous fish (Chapter 4) (Willis & Babcock 2000). The methodology required for

the BUV has been described in Chapter 4. In this survey four replicate video deployments

were carried out in each of the eight survey areas (Fig. 5.1), except areas I and 2 where three

replicate drops were conducted (due to logistical constraints).

Underwater visual census

Underwater visual census (uVC) techniques are regularly used by researchers to quantify reef

fishes, study their distribution and to estimate their sizes. See Chapter 2 for a detailed

description of this methodology. In the present survey, two sites within each of the eight

areas at Mimiwhangata were surveyed by WC (16 sites in total) (Fig. 5.1).
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Figure 5.1. Map of Mimiwhangata showing the location of the baited underwater video sites
(l-30) and the underwater visual census sites (A-P) in April 2002.

Statistical analvsis

The BUV data are counts and therefore may not satisfy the assumptions of normality and

homogeneity of variance that are required by ANOVA. Therefore, the video data were

analysed using the Poisson distribution using the GENMOD procedure in SAS (SAS Institute

Inc. 1999) to obtain unbiased estimates of relative abundance for dominant carnivorous

species. See Chapter 2 for a more detailed description of this analysis.

To determine whether there were any differences in overall fish community structure between

fished and unfished areas, UVC data were analysed using metric multidimensional scaling in

the CAP statistical package (Anderson 2002), Site transect data were pooled, square root

transformed, and a Bray-Curtis similarity matrix was generated. The purpose of

multidimensional scaling is to construct a 'map' of configuration of the samples in a specified

number of dimensions, which attempts to satisfy all the conditions imposed by the rank

similarity matrix. For example, if site I has a higher similarity to site 2 than it does to site 3

then site I will be placed closer on the map to site 2 than it is to site 3. For single species,

n r ^ eKibmeters

Mimiwhangata Marine Park

Baited underwater video sites (1-30)
Unde rwater visual census sites (A-P)
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comparisons were made using the GENMOD procedure in SAS, as described for the video

analysis.

RESULTS

Baited underwater video

Similar numbers of sandy and rocky habitats were surveyed in both areas and slightly more

gravel/sand habitats were surveyed in the Marine Park. Sites surveyed in the Marine Park

were slightly deeper (6-30 m depth range) than in the adjacent control areas (7-24 m depth

range). The deeper sites were mainly in area 4 where the steeply sloping Ecklonia radiata

covered reefs made it difficult to conduct shallower video drops.

There was no statistically significant difference between the mean maximum number of

snapper per BUV inside (4.44 + 1.15 SE) and outside the Marine Park (4.5 + 1.59). Sublegal

snapper (fish too small to be legally taken, <270 mm SL) made up the bulk of snapper

recorded (Fig. 5.28) and consequently drove the pattern in total abundance. There were very

low numbers of legal sized snapper (those fish that can be legally retained, >27O mm SL) in

any area (Fig. 5.2C), Comparisons with the other locations showed that Mimiwhangata had

the lowest overall mean snapper numbers and mean legal size snapper abundance (Table 5.1).

However, the mean number of sublegal (<270 mm) snapper at Mimiwhangata was similar to

sublegal snapper numbers at the Poor Knights and the Mokohinau Islands (Table 5.1).
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Figure 5.2. Mean maximum number of (A) all snapper, (B) sublegal (470 mm) snapper and
(C) legal (>270 mm) snapper per baited underwater video (+ SE) inside and outside the
Mimi whangata Marine Park.
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Table 5.1. Mean number of all, legal (>270 mm) and sublegal (<270 mm) snapper per baited
underwater video (* SE in brackets) at the Poor Knights, Cape Brett, Mokohinau Islands, and
Mimiwhangata in autumn 2002.

Snapper
Autumn 2002

Poor Knights Cape Brett
(april/may)
Mokohinau Is. Mimiwhangata

Ail
Legal (>270 mm)
Sublegal (<270 mm)

I l.s (1.2) s.6 (0.8)
l.s (0.4) 0.e (0.3)

r6.e (2)
r 1.5 (1.2)
4.4 (0.e)

4.13 (0.e)
0.3 (0.1)

e.7s (r.2) 4.8 (0.8) 3.83 (0.9)

Of the 126 snapper measured at Mimiwhangata, ll7 (937o) were under the legal minimum

size of 270 mm. The average snapper size inside the Marine Park was 209 mm (t 4.6),

slightly larger than in the control area at 199 mm (+ 5.8), however, this difference was not

statistically significant (P = 0.7). Overall, the average snapper size at Mimiwhangata was 204

mm (+ 3.6), significantly lower than at Cape Brett (221mm x.2.3) and the Mokohinau Islands

227 mm (t 3.4) (P < 0.01) (Fig. 5.3). The average size at the no-take PKIMR was 310 mm (t
3.2) (Fig. 5.3). Large fish (>350 mm), recorded at other areas, were not seen at

Mimiwhangata where the largest snapper was only 320 mm (Fig. 5.3).

Analysis of the BUV data found that of the seven most commonly recorded species, Bodianus

unimaculatzs (pigfish), Parika scaber (leatherjackets) Chromis dispilus (demoiselles) and P.

dentex were significantly more corrunon in the Marine Park than in adjacent areas (Table 5.2).

Only Scorpis lineolatus (sweep) were significantly more common in the control areas (Table

s.2).

Table 5.2. Differences in fish density of seven species inside and outside the Mimiwhangata
Marine Park, estimated by baited underwater video in April 2002 with 95Vo lower and upper
confidence limits (CL). * indicates species whose abundance ratio is significantly different at
P < 0.01.

Species Abundance
ratio

957o CL t p-value

Pagrus auratus
B od i anu s unirnac ul at us

Parika scaber
Chromis dispilus
Pseudocaranx dentex
Sc'orpis lineolatus
Gymnothorax prasinus

0.01 0.94
3.9 0.048*

13.07 <0.01*
5.1 0.024*
10.6 0.01*
t2.33 0.01*
0.09 0.77

l.0l
3.06
4.96

10,5

10.9
0.55
l.3l

0.72 - t.42
1.0 - 9.3

2.08 - 1 1.8
1.37 - 80.8
2.59 - 46.2

1.3 - 2.7
o.22 -7.9
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Figure 5.3. Box and whisker plot of snapper size (mm) at the Poor Knights Islands,
Mimiwhangata, the Mokohinau Islands and Cape Brett in autumn 2002. The boundary of the
box closest to zero indicated the 25th percentile, the line in the box represents the median, and
the boundary of the box farthest from zero indicates the 75h percentile. The whiskers above
and below the box indicate the 90s and lOs percentiles and the black circles represent
outliers.

Snapper
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Underwater visual census

Species richness at Mimiwhangata (31 species) was much lower than at the other three survey

areas, where 40 species were recorded at Cape Brett, 49 at the Poor Knights, and 43 at the

Mokohinau Islands. Species at Mimiwhangata were characteristic of the mainland species

observed at Cape Brett and only a few of the subtropical species found at the Poor Knights

and Mokohinau Islands were recorded there.

Densities of the 12 most common fish species recorded at Mimiwhangata were highly

variable both within and between sites (Fig. 5.a). There was little differentiation in the fish

community between Marine Park and control sites @g. 5.5). The majority of species

censused (20130) showed no statistically significant difference in density between the Marine

Park and adjacent control sites. However, in spite of there being no significant difference in

overall fish assemblages, some species were significantly more common in the Marine Park.

These were Parma alboscapularis (black angelfish), P. scaber, Coris sandageri (sandagers

wrasse), Upeneichthys lineatus (goatfish) and Scorpis violaceus (blue maomao) (Table 5.3).

Conversely, other species were significantly more common outside the Marine Park. These

were Notolabrus celidotus (spotties), C. dispilus, S. Iineolatus, Trachurus novaezelandiae

fiack mackerel) and Decapterus koheru (koheru) (Table 5.3). Interestingly, in areas where B.

unimaculatus were absent (areas l-3), N. celidotus occurred in high numbers @ig. 5.a). Other

species such as Pseudolabrus luculentus (orange wrasse) and P. miles (scarlet wrasse),

common at the Poor Knights and Mokohinau Islands (Chapter 3), were rare at Mimiwhangata.
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Figure 5.4. Mean number of fish per underwater visual census (125m') (+ SE) in eight areas

around Mimiwhangata; Parma alboscapularis (black angelfish), Parika scaber
(leatherjacket), Cheilodactylus spectabili.s (red moki), Notolabrus celidotus (spotty), Bodianus

unimaculatus (pigfish) and Notolabrus fucicola (banded wrasse).
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Table 5.3. Family, scientific nrune, species, abundance ratio, g|Vo confidence limits, f and
p-values of 30 fish species observed in underwater visual census at the Mimiwhangata Marine
Park in Apil 2002. t signifies species permitted to be caught, b signifies species known to be
caught as by-catch and * indicates species whose abundance ratio is significantly different at
P < 0.01.

Famil Scientific name Common name Ratio 95Vo A-

Aplodactylidae
Arripidae
Carangidae

Cheilodactylidae

Chironemidae
Diodontidae
Girellidae
Kyphosidae
Labridae

Monacanthidae
Mullidae
Muraenidae
Myliobatidae
Odacidae
Pempheridae
Pomacentridae

Scorpaenidae
Scorpidae

Serranidae
Sparidae

Gempylidae
Carangidae
Scombridae
Istiophoridae
Carangidae
Many families

A plo dactylus arctidens
Arripis trutta
Decapterus kolrcnr
Seriola lalandi
Trac hurus novaezelandiae
C he ilodacty lus s p ectab il is
N emadacty lus do uglas ii
Chironemus marnpratus
Al lo myct e rus j ac ulife r us

Girella tricuspidata
Kyphosus sydneyanus
Bodianus unintac ulatus
Coris sandageri
Notolabrus celidotus
N. fucicola
Pseudolab rus luculentus
P. miles
Parika scaber
U peneichthy s li.neatus
Gyntnothorax prasinus
M yliobatis tenuicaudatus
Odax pullus
Pentpheris adspersus
Cltromis dispilus
Parma alboscapularis
Scorpaena cardinalis
Scorpis lineolatus
S. violaceus
Epinephelus daemelii
Pagrus auratus

Thyrsites atun
Pseudocaranx dentex

Marblefish
Kahawair
Koheru r

Kingfishr
Jack mackerelt
Red moki
Poraeb
Hiwihiwib
Porcupinefish
Parore
Silver drummer
PigfishD
Sandagers *rasseb
SpottyD
Banded wrasseo

Orange wrasse
Scarlet wrasseo
Leatherjacket
Goatfish
Yellow morayo
Eagle ray
Butterfish
Bigeye
Demoiselle
Black aneelfish
Northern-scorpionfishb
Sweepb
Blue maomaoo
Spotted black grouperb
Snapper'

Barracoutar
Trevallyr
Tuna - 6 speciest
Billfishes - 6 species'
Mackerel - 5 species'
Sharks - 27 speciesr

0.5 0.09 -2.7
1.36 0.79 -2.36
o.47 0.38 - 0.58

No fit
0.33 0.29 - 0.37
0.98 0.66 - 1.45

No fit
1.09 0.47 -2.59

No fit
l.r8 0.88 - 1.57

No fit
t.4 0.44 - 4.41

l0.l 4.67 -22.1
0.47 0.37 - 0.47
0.7t 0.23 -2.25

No fit
l 0.14 - 7.1
2.99 l.8l - 4.98
4.5 2.84 -7.14

No fit
No fit
0.2 0.02 - l.7l

No fit
0.76 0.70 - 0.83
4.5 1.52 - r3.3

No fit
0.s9 0.53 - 0.66
47.9 31.2 -73.9
No fit
0.5 0.05 - 5.5

0.64 0.42
r.22 0.29

47.32 <0.01*

384.6 <0.01*
0.01 0,92

0.05 0.83

r.zt 0.27

37.83 0.56
34.2 <0.01*
37.83 <0.01*
0.33 0.57

0l
I8.l <0.01*
40.72 <0.01*

2.16 0.14

36.8 <0.01*
7.4 <0.01*

88.63 <0.01*
308.3 <0.01*

0.32 0.57

Takeable species not observed in this study



DISCUSSION

Snapper are the most heavily targeted recreational and commercial fish species throughout

nofiheastern New Zealand. Where no-take marine reserves are in place, and enforced, the

recovery of this species has been dramatic, both in size and number (Table 5.4).

Table 5.4. Northeastern New Zealand sites surveyed with baited underwater video to assess

relative legal sized (>270 mm) snapper abundance and the reserve: non-reserve snapper ratio.

Note that MR is no-take Marine Reserye, MP is Marine Park, and MK is the Mokohinau
Islands, a non-reserve island reference for the Poor Knights.

Location Year Reserve Non- Reserve : Source
est. mean reserve non-reserve

mean ratio
Leigh MR
Hahei MR
Long Bay MR

Tawharanui MR

t975 7.18 0.45 16

1992 3. 15 0.19 16.5

1995 3.48 0.37 9.4

l98l 3.5 0.4 8.8

Willis et al. (2003)

Willis et al. (2003)

Ward & Babcock
(unpublished data)
Willis et al. (2003)

Chapter 4Poor Knights Is. MR 1998 12.2 0.76(MK) 16

Mimiwhaneata MP 1982 0.25 0.35 0.71 Chapter 5

Thus it should be expected that if the gear and species restrictions at Mimiwhangata were in

any way effective at protecting snapper, there would be more numerous and larger snapper

inside the Marine Park. However, when areas inside and outside the Marine Park were

compared, there were almost identical numbers of snapper per BUV and no statistically

significant difference in size. Therefore, it appears that partial restrictions on gear and species

are ineffective at protecting this species. Restricting the use of weighted lines in the Marine

Park is unlikely to protect snapper as, although taken on weighted lines, snapper can be

caught just as effectively on unweighted lines, a practice permitted in the Marine Park.

Mimiwhangata had fewer and smaller snapper than either of the unprotected areas, Cape Brett

or the Mokohinau Islands, probably due to high fishing pressure. This area is easily

accessible to fishers from Tutukaka and from launching sites in Whangaruru/Oakura, and it is

heavily fished during holiday periods (P. Bendle, personal communication).

Paradoxically, fishing pressure may even be higher within the Marine Park than outside it as

there may be a perception that, in the absence of commercial fishing, fish are larger and more

plentiful in Marine Parks. In addition, Marine Parks are often placed in areas that are pleasant

to fish in, and consequently heavily utilised. Thus, Marine Park status and fishing gear
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restrictions at Mimiwhangata may, in fact, result in exactly the opposite pattern to the one

intended. This possibility is supported by comparisons of snapper size and density at non-

reserve sites in the region. Francour (1994) also found that the density and biomass of fish on

rocky reefs was lower in partially protected areas than unprotected areas in the French

Mediterranean. That author found the density of reef fish in a partially protected zone was

0.15 per l0 m2 compared to 0.31 per l0 m2 in an area with no protection.

Species that are targeted by spearfishers were seldom observed in visual transects. For

example, no Parapercis colias (blue cod), three undersize snapper and two Nemadactylus

douglasii (porae) were observed. This is in contrast to a pre-protection survey in 1973, in

which it was noted that large snapper ("15-20 lbs") were relatively comrnon at Mimiwhangata

(Ballantine et al. 1973). Spearfishing, a common activity at Mimiwhangata (P. Bendle,

personal communication) is likely to reinforce avoidance behaviour in fishes, and may

account for the low numbers of these species seen in UVC. Furthermore, the ability of

spearfishers to selectively target large S. lalandi and snapper can lead to overall declines in

the mean size and numbers of such species.

No significant difference was found in the overall fish assemblages within and outside the

Marine Park using UVC. There were five species significantly more common inside and

outside the Marine Park. However, as fishers do not target the majority of these species, the

differences were probably site related, rather then reserve effects. Species more comlnon

outside the Marine Park were typically schooling fish such as T. novaezelandiae, D. koheru

and ,S. lineolatus. The BUV found that B. unimaculatus, P. scaber and P. dentex wete

significantly more common in the Marine Park than in the adjacent control areas. Although

Marine Park fishing regulations may protect these species, the Wide Berths reef system in the

centre of the Marine Park may simply represent a better habitat for these species than adjacent

shallower, and more sheltered coastal waters. The Wide Berths project further out to sea than

the rest of the Park and are likely to be influenced by a different current regime and a higher

level of wave exposure than the rest of the Park. As expected, plankton feeders, such as C.

dispilus and P. dentex were more common in this area. This finding was consistent with the

fact that these species are more common at offshore islands like the Poor Knights and

Mokohinau, or on the mainland sites with 'offshore' physical characteristics (e.g. Cape Brett)

(Kingsford 1989). Unsurprisingly, both methods found that the deeper reefs in Areas 4 and 5

had significantly more P. scaber, as deep reefs are their preferred habitat (Ayling 1981).



As expected, the reef fish assemblage at the Mimiwhangata Marine Park most closely

resembled that of the other 'mainland' site Cape Brett. The lower number of species recorded

at Mimiwhangata, compared to the other three surveyed areas, was mainly accounted for by

fow numbers of subtropical wrasse species, common on offshore islands (Chapter 2 and 3).

This may be because the East Auckland Current infrequently impinges on the Mimiwhangata

coast limiting the larval supply to this area.

Studies of snapper populations in other coastal marine reserves in northeastern New Zealand

have shown a sharp gradient in snapper abundance between no-take areas and adjacent fished

areas (Willis et al. 2003). Gradients of snapper abundance in other coastal marine reserves in

northeastem New Zealand suggest fishing effects that extend inside these reserves, rather than

spillover effects. At the Cape Rodney to Okakari Point Marine Reserve the peak abundance

is in the centre of the reserve, well inside the reserve boundaries (Willis et al. 2000; Willis et

al. 2003). This, and the low abundance of snapper means it is highly unlikely that the lack of

contrast between the Mimiwhangata Marine Park and adjacent fished areas is due to the effect

of protection being obscured by spillover.

This study demonstrates that the partial closures at Mimiwhangata are ineffective as

conservation tools either for heavily targeted species, or for fish communities in general (i.e.

through reduction in by-catch). The fact that snapper numbers may actually be lower in the

partially protected Marine Park than in the unprotected control areas begs the question; is no

protection at all better than partial protection? This may be so for two reasons: firstly, partial

reserves may give a false impression that a conservation outcome has been achieved.

Secondly, this impression may focus fishing effort, locally resulting in even grcater fishing

effects. The findings of this study have important implications for conservation managers,

many of whom have had to accept the provision of fishing within a marine reserye as a

'solution' to political issues surrounding the declaration of marine reserves because there was

a lack of information on the effects of limited fishing. In light of the results in this study, it is

concluded that only no-take marine reserves should be created, as partial protection is an

ineffective conservation strategy.
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Chapter Six: General Discussion

This thesis examined the relative importance of natural and human influences on the

population and assemblage dynamics of reef fishes in northeastern New 7-ealand. Initially,

the response of the reef fish assemblage to the relaxation of fishing pressure through the

implementation of full no-take marine reserye status at the Poor Knights Islands was

examined. The influence of depth and wave exposure on the distribution and abundance of

one component of that assemblage, a guild of labrid fishes, was then investigated. Next, the

response of the dominant predatory fish species, Pagrus auratus (snapper) to the cessation of

fishing at the Poor Knights was examined. Finally, the effects of partial protection on reef

fish were determined at the Poor Knights and Mimiwhangata Marine Park. The strenglhs of

this research program are that data were collected before and after no-take status at the Poor

Knights Islands, the use of multiple spatial and temporal replicationn and the employment of

multiple methodologies. This combination of factors is rare in studies of marine reserves and

provides credible evidence of the effects of protection.

The reef fish community changed rapidly following the implementation of no-take marine

reserye status at the Poor Knights Islands, but not at the two fished reference locations

(Chapter 2). This rapid change was unexpected given that commercial fishing had been

prohibited for the previous 17 years. This result implies that recreational fishers may have a

significantly greater influence on the make-up of the fish community than previously thought.

While the cessation of recreational fishing and the resulting incidental mortality of 'protected'

species is likely to have played a major role in the density changes for some species, it is

likely that climatic factors such as an elevated sea surface temperature were responsible for

changes in the density of others (e.g. some labrids). Furthermore, physical factors such as

depth and wave exposure are also likely to be of more importance in determining the

distribution and abundance of some reef fish than marine reserve status (Chapter 3).

Accordingly, studies that fail to take into account environmental and physical variables, such

as one-off 'snapshot' surveys (e.g. Jennings et al. 1996; Tuya et al. 2000), may claim a

'marine reserve' effect when in fact, changes observed may be independent of marine reserve

protection.
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The density of some targeted fish species increased dramatically at the Poor Knights,

particularly Caprodon longimanus (pink maomao) (Chapter 2) and snapper (Chapters 2 & 4).

There was no change in the density of many non-targeted species. These results are hardly

surprising, as the effects of protection are not expected to be the same for all species. Species

targeted by fishers tend to respond positively to marine reserve protection, whereas non-target

species may not respond at all, or may show a negative response (Mosquera et al. 2000). The

decline in density of several species at the Poor Knights may have been a result of

competitive or predatory interactions with snapper. Accordingly, an exarnination of the inter-

and intra-specific interactions among reef fishes may allow a better understanding of how

increases in the density of predatory species could influence the abundance and distribution of

the reef fish assemblage.

At the Poor Knights the rate of response of snapper to protection was rapid, with the density

of fegal sized fish increasing by 7 .4 times over 4 years (Chapter 4). Similar rates of recovery

have been reported for other species (e.g. McClanahan & Kaunda-Arara 1996; Edgar &

Barrett 1999). The recovery of snapper is likely to be the result of recolonisation rather than

recruitment as large size classes increased more rapidly than would be possible from growth

alone. The density of snapper at the Poor Knights Islands has, in only 4 years of no-take

protection, exceeded that found at marine reserves of considerably greater ages (see Willis et

al. 2003). This suggests the rate of recolonisation of fishes to protected areas is likely to be at

least partially dependent on the natural abundance of fish found in the locality, as well as local

habitat quality. Therefore, predicting general responses to the implementation of new

reserves is difficult, as they are likely to be location-specific. The rapid recovery of some

species demonstrates that monitoring prior to the establishment of marine reserves is essential

if their impacts are to be fully understood. For example, if the protection status at

Mimiwhangata changes from partial to fully no-take, as proposed, baseline data (Chapter 5)

will allow an assessment of how reef fishes respond to full protection.

The increase in the density of targeted species at the Poor Knights may help protect

populations from genetic changes (Hauser et al. 2002), altered sex ratios (Buxton 1993) and

other disruptions caused by selective fishing. Moreover, the increase in snapper biomass

(Chapter 4) has the potential to enhance areas outside or within the reserve through the export

of biomass (eggs and/or larvae and adults) (e.g. Roberts 1997; Jones et al. 1999; Swearer et al.

1999; Chapman & Kramer 2000). Although determining patterns of larval dispersal is
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beneficial to both the design and evaluation of marine protected rueas, understanding the

connectivity of populations around the Poor Knights and northern New Zealand will probably

require a modelling approach combined with the empirical data from large temporal and

spatial-scale experiments (Keough & Black 1996; Russ 2002). Empirical work examining the

elemental microchemistry of otoliths of larval fish may prove valuable for tracing the

dispersal of larvae, identifying larval sources and constructing patterns of connectivity among

local populations. In addition, understanding adult migration patterns and/or demonstrating

'spillover' from the reserve will require a combination of ultrasonic telemetry, to provide

detailed information on movements, and large-scale mark and recapture studies (e.9. Znller &

Russ 1998; Parsons et al. 2003).

Although not investigated in this thesis, snapper have the potential to reduce the abundance of

invertebrate prey populations that rnight directly or indirectly result in alterations to habitat

structure (Babcock et al. 1999; Shears & Babcock 2002; Shears & Babcock 2003). Further

study is required to determine possible secondary effects of changes on the reef ecology at the

Poor Knights.

In addition to the influence of fishing, physical variables are likely to be important in

determining the abundance and distribution of reef fish. The four locations surveyed in

northeastem New Zealand displayed distinct labrid assemblages, consistent with those

described by other workers (Chapter 3) (e.g. Ward & Roberts 1986; Choat & Ayling 1987).

Regardless of location, there was a consistent depth-related trend for most labrids, and a trend

for some species to be associated with certain levels of wave exposure. By analogy with

tropical labrid assemblages, it was expected that there would be a clear relationship between

pectoral fin aspect ratio and depth and/or exposure as correlations have been found between

fin aspect ratio and patterns of habitat use. However, this relationship was not strongly

evident, suggesting that wave exposure may not be as important for labrids on northeastern

New Zealand reefs as it may be in tropical coral reefs systems. Although these results go

towards answering questions regarding spatial variation in fish faunas described by previous

workers, further work examining how habitat and other environmental variables affect the

distribution of reef fishes is desirable. This would allow an assessment of how the

distribution of reef fish change over localised spatial scales.
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Results from the Poor Knights and the lack of any recovery by snapper within the

Mimiwhangata Marine Park, despite the exclusion of commercial fishers and restrictions on

recreational fishing, indicates that partial fishing regulations are ineffective as conservation

measures for targeted species (Chapters 4 & 5\. Not only are species targeted by direct

capture affected, but juveniles and incidentally caught species may also be impacted, either by

mortality through handling or internal damage (Muoneke & Childress 1994; Carbines 1999;

McPhee et al. 2002). Evidence from this study provides evidence contrary to the widely held

belief that the impact of recreational fishing on the ecological structure of the reef community

is relatively minor (Kearney 1999). This finding has important implications for conservation

managers, many of whom appear to have had to accept the view that recreational fishing has

little effect on the ecology of reef fish.

Although marine reserves have been suggested as a means of maintaining or augmenting

fisheries (e.g. Bohnsack 1998; Murray et al. 1999), they are not being advocated here as a sole

fisheries management tool. As Russ (2002) noted 'it is vital to stress from the outset that

other forms of fisheries and habitat management should be encouraged and attempted in areas

open to fishing (pg 42f )'. However, the establishment of no-take marine reserves is a shift

towards a more precautionary approach to the exploitation of marine resources that may

protect against unknown threats and provide insurance for the future (Dugan & Davis 1993;

Lauck et al. 1998; Marshall & Moore 2000). To ensure the protection (and possible

restoration) of marine ecosystems, marine reserve management should ensure protection of a

representative sample of species and assemblages characteristic of a particular region. The

use of marine reserves as research sites in well-designed empirical studies can also aid in

untangling the complex ecological interactions between humans and marine communities.
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