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ABSTRACT

An investigation into the ecology of bivalve molluscs on Centre Bank, the
flood tidal delta of Tauranga Harbour was undertaken over the period
December 1994 - March 1996. The primary purpose of which was to gather
quantitative data on bivalve diversity, spatial patterns of distribution,
abundance, and population size structure of bivalves present on Centre Bank.
Experiments were conducted to assess the burrowing behaviour of the bivalve
Paphies australis. It was intended that information obtained be such that it
could be used as a base for future investigations into changes in the ecology of
Centre Bank.

Two broad scale benthic surveys of 27 sites on Centre Bank, conducted 6
months apart resulted in a total of 31 bivalve taxa being identified. Temporal
and spatial variation in abundance was prominent for all species. Three species
Paphies australis, Tawera spissa and Ruditapes largillierti occurred in far greater
abundances than any others. Distribution of bivalves in both surveys was
patchy with some species showing strong associations with particular sites.

Small scale abundance patterns of P. australis was examined in detail by
systematic sampling of a 50 m x 15 m grid. The grid was monitored at 2-
monthly intervals from March 1995 to November 1995. Abundances at sites in
the northern half of the grid were found to be very dense (up to 1400 m? mean
shell length=55-65 mm), while densities at the southern end were noticeably
lower. Through time densities across the grid appeared to decrease evenly in a
constant north-west direction. The smothering effect of mobile sand ridges was
speculated to be the cause of these density decreases. '

Experiments examining the burrowing behaviour of the infaunal bivalve
Paphies australis were conducted both in the field and in the laboratory. The
ability of P. australis to bury into the sediment if left exposed on the sediment
surface was examined in the field. It appeared that P. australis were able to bury
relatively quickly with the majority of experimental animals reburying within
40 minutes. Laboratory experiments showed P. dustralis to be capable of
burrowing to the sediment surface after being inundated with sediment to a
depth of 10 cm.
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CHAPTER ONE

INTRODUCTION

1.1 THE PROBLEM

Tauranga Harbour is a resource of great scenic, cultural and ecological
importance with a high recreational use. It is extremely valuable economically
to the Bay of Plenty area, due both to its commercial and recreational value. It
is the country's largest external trade port by tonnage, and plays a vital role in
ensuring New Zealand's continued economic development and welfare (Smith
and Hughes, 1993). Extensive dredging and widening of the Port channels now
positions the Port of Tauranga as one of the deepest general cargo ports in New
Zealand (Smith and Hughes, 1993).

Recreational water activities undertaken within the harbour include swimming,
SCUBA diving, sailing, water-skiing, windsurfing and others. Fishing is also a
very popular activity and is widespread throughout the harbour. A large part
of the recreational fishing which occurs within the harbour is undertaken by
recreational shellfish gatherers. Shellfish species most commonly taken include
Paphies australis (pipi), Perna canaliculus (green lipped mussel) and Pecten
novaezelandiae (NZ scallop) (Park, 1991). The local Maori have a long
association with Tauranga Harbour and the seafood resources it provides; the
above-mentioned shellfish comprise an important part of kaimoana gathered
from the area. Little is known about the ecology of recreationally gathered

shellfish populations within Tauranga Harbour.

Sediment dynamics (Davies-Colley, 1976; Davies-Colley and Healy, 1978;
Dahm, 1983) and hydrodynamics (Davies-Colley and Healy, 1978; Bell, 1991;
Bell, 1994; Mathew et al., 1995) of Tauranga Harbour have been well
documented over time, particularly in relation to the impacts of port
developments (de Lange and Healy, 1991). In contrast there is little ecological
data recorded, subsequently knowledge of the harbour’s ecology is largely

1



Chapter One: Introduction
based on qualitative data. General descriptions of benthic intertidal ecology
within the Bay of Plenty region have been made by Bioresearches Limited
(1974, 1975a, 1975b, 1976), and the benthos associated with an outfall pipe has
been quantitatively described by Roper (1990). Parks’ 1993/94 Coastal and
Estuarine Ecology Monitoring Program completes four years of monitoring
intertidal benthic community structure of rocky shore, open coast, estuary and
harbour sites in the eastern Bay of Plenty (Park, 1994). Park’s work has been
carried out on intertidal sites, with minimal ecological information known

about subtidal areas.

1.2 STUDY AREA

Tauranga Harbour is the southern of two estuarine lagoons enclosed by a
barrier system of two tombolos and a barrier island, located on the north-east
coast of New Zealand (Dahm, 1983) (Fig. 1.1). The harbour is nearly 40 km
long, up to 10 km wide and covers an area of approximately 200 square
kilometres. The Port of Tauranga is situated within the southern-most lagoon.
The site of this study, the flood tidal delta, immediately inside the harbour,
consists of the large shoal area known as Centre Bank (Davies-Colley, 1976).
Water depth on Centre Bank is less than 1 m below chart datum over most of
the area, and parts of the bank become exposed on an ebb tide. As yet bivalve
molluscan populations of Centre Bank (Fig. 1.2) have not been comprehensively

surveyed.
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Chapter One: Introduction

1.3 AIMS OF THE STUDY
Port of Tauranga Ltd. has recognized that its knowledge of ecology of the

harbour was inadequate for the type of planning in which it was engaged
(Bickers, 1992). The primary aim of this study was to describe the bivalve fauna
of Centre Bank, thus obtaining information concerning spatial patterns of
distribution, abundance and population size structure of bivalves present
within the harbour. A second aim was to undertake field and laboratory
experiments that investigate certain aspects of behaviour of the bivalve Paphies
australis. This study aims to investigate a small but significant part of the
harbour’s bivalve population thus leading to a greater understanding of bivalve
ecology within Tauranga Harbour, and to make a contribution to the biological

database being accumulated by Port of Tauranga Ltd.

1.4 STRUCTURE OF THE STUDY

A literature review of previous studies of bivalve population ecology is
presented in Chapter 2. Chapter 3 is concerned with a broad scale survey of
Centre Bank. Chapter 4 details temporal change in bivalve density and
population size structure over a 9 month period at a single site. Manipulative
field and laboratory experiments are presented in Chapter 5. A summary of

results, and suggestions for future research are given in Chapter 6.
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CHAPTER TWO

LITERATURE REVIEW

2.1 PROCESSES DETERMINING BIVALVE DISTRIBUTIONS,
ABUNDANCE AND GROWTH

2.1.1 Bivalve Life Histories

Most marine bivalves have a planktonic larval phase (Barnes, 1980). The
larvae have very different sensory modes, behaviour and morphology from
adults (Barnes, 1980). This planktonic life phase has traditionally been
viewed as the primary agent for larval dispersal to new or different areas.
Substantial variation in recruitment of planktonic larvae can profoundly
influence the dynamics of adult populations (e.g. Coe, 1953). The survival of
a species over time, or in a given geographical area often depends upon its
ability to disperse. Dispersal is especially important for sessile organisms,
which may have limited mobility as juveniles or adults. The distance
traveled by larvae can vary considerably, resulting in larvae settling within
only a few metres of the adult population, or being transported across oceans

via transoceanic currents (Scheltema, 1971).

Although larval dispersal has been considered to be the major mechanism
controlling the distribution of many bivalves, there is increasing evidence
that juveniles and less often adults can re-enter the water column after
settlement (Martel and Chia, 1991; Armonies, 1992; Cummings et al., 1993;
Hooker, 1995b). Drifting can be accomplished by mucus threads, which
increase the drag exerted on the bivalve, enabling it to be transported in
relatively small currents (Sigurdsson et al., 1976). Evidence of New Zealand
bivalve species drifting is increasing. Grace (1972) observed approximately
12 Paphies australis (pipi), roughly 45 mm shell length, drifting in mid-
water on the ebb tide at the entrance to the Whangateau Harbour. Hooker

(1995b) observed adults and juveniles of P. australis drifting in mid-water

6



Chapter Two: Literature Review
inside the Whangateau Harbour, with mucus threads extended out through
their siphons, (Hooker’s (1995b) observations in the Whangateau Harbour
confirming that Grace’s (1972) report was not an isolated occurrence).
Cummings et al. (1993) describe emergence and floating behaviours of
Macomona liliana and document the presence of drifting threads. A further
study undertaken in the Manukau Harbour by Cummings et al. (1995)
documented the presence of post-metamorphic juveniles (and adults) of

several benthic macroinvertebrate species in the water column.

2.1.2 Ecological Processes Affecting Bivalves: Competition and
Predation

The mechanisms governing the structure of intertidal communities have
been the subject of considerable manipulative experimentation, revealing
competition and predation to be among the most important processes
structuring the communities of rocky shores. Despite the fact that marine
soft-sediments are the most common habitat on earth (Wilson, 1991),
rigorous research is lacking on such communities. Hence the importance of
biological processes in organizing soft-sediment communities is not as well

understood as those of temperate rocky intertidal communities (Peterson,
1979; Wilson, 1991).

Competition

Competition involves the use of a limited resource by two or more species
and results in some negative effects on each competing population (Mitchell
et al., 1988). There has been considerable investment of time, energy and
~ ingenuity into the planning and carrying out of field experiments designed
to eliminate alternative hypotheses, and thereby to support competition as
an important process explaining present patterns of distribution and
abundance of organisms (Underwood, 1986). Much has been written on the
use of inadequate replication and controls in experiments designed to detect
competition in the marine environment (Connell, 1974; Underwood, 1986;
Hairston, 1989). Underwood (1986) states that competition is undoubtedly
important as an organising force in the structure of intertidal communities,

and that good field experiments adequately replicated and controlled for,
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will provide a powerful tool for unraveling complex biological

communities.

In soft sediment environments, Peterson and co-workers (Peterson and
Andre, 1980; Peterson, 1982a; Peterson and Black, 1987, 1991, 1993) have
carried out many experimental studies examining competition as a means of
determining distribution and abundance of bivalve species. The importance
of density for bivalve growth and mortality has been investigated by
Peterson and Beal (1989) and Peterson and Black (1988). The influence of
density on resource depletion by suspension feeding bivalves was
investigated by Peterson and Black (1987). Experimental manipulations of
bivalve density have been carried out for the cockle Austrovenus
stutchburyi in New Zealand. These involved the transplantation of cockles
to different shore levels, and manipulation of densities, with the effect of
competition for space on growth and survival being determined (Dobbinson
et al., 1989).

A series of experiments undertaken by Peterson (1982b) showed the positive
effects of high prey density. His results suggested high densities of clams
could act as a refuge against whelk predation. In another study Peterson and
Black (1993) demonstrated that the addition of sufficient numbers of sham
clams, (dead shells filled with sand and implanted in living position in the
sediments), acted to prevent the enhancement of mortality at low density.
This highlights the importance of a structural barrier and implies. that the

agent of mortality at low density is a predator.

Predation
The importance of predation as a factor determining species distribution and
abundance has been investigated often. Predation has been shown to effect
prey in several ways: the death of individuals, reduction in densities, mean
sizes, or distribution of prey populations (Fairweather, 1988). Crabs, whelks,
fish, asteroids and shore birds are specific epibenthic predators that have
been identified as having a significant influence on infaunal abundance and
biomass. A number of intertidal experiments involving the exclusion of
these epibenthic predators have resulted in increases of infauna relative to
8



Chapter Two: Literature Review
unmanipulated controls (e.g. Peterson, 1982a, 1982b; Thrush et al., 1994b).
Yet other studies have found epibenthic predation to have a minimal
impact on infaunal abundance and biomass (Raffaelli and Milne, 1987;

Kneib, 1988).

There has been a limited number of investigations into predation in
subtidal communities (Virnstein, 1977; Thrush, 1986). More recently Jones
et al. (1992) has investigated the effect of fish predation on the demography
of mollusc populations in the water of a tropical lagoon. Asteroids and
whelks are common bivalve predators that are prominent across the soft-
bottom community of Centre Bank, Tauranga Harbour. Fiona Putt, in a
parallel study, has investigated the asteroids Coscinasterias calamaria and
Patiriella regularis and the whelk Cominella adspersa ascertaining their
distribution and abundance with a view to determining their effect on prey

species.

Experimental analysis of the effects of predation in infaunal communities
have generally involved the exclusion or enclosure of suspected predators.
Comparisons allow the investigator to assess the strength of the predators’
influence (Wilson, 1991). It is difficult to remove predators from soft-
bottom habitats because they are either large and mobile or infaunal and
cryptic. There may also be artifacts of caging; Hulberg and Oliver (1980)
showed that in a high energy environment the shape of a cage has dramatic
effects on the outcome of exclusion experiments. Virnstein (1980) urged that
the results of caging experiments be augmented with observational data, gut
content analysis, or laboratory experiments before acceptance of predation as
the process producing any experimental differences. Aside from this Hall et
al. (1990) believe that manipulative experiments still remain the only valid
test of the predation hypothesis but that experimental design and analysis

must be rigorous to be convincing.
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When examining the processes of competition and predation in soft-bottom
communities, thoughtfully conceived and carefully controlled field
experiments offer the most satisfactory tests of hypotheses posed to clarify
these mechanisms resulting in observed patterns of distribution and
abundance (Dayton and Oliver, 1980). But field experiments are not always
possible, and many experiments can only be performed in the laboratory. In
the case of small infaunal organisms, laboratory observations and
experimentation may provide a better insight into potentially important
behavioral interactions, feeding mechanisms, mobility and searching
patterns, than field experiments can. Dayton and Oliver (1980) believe that
field experiments should be complemented by laboratory experiments and

vice versa.

2.2 BIVALVE POPULATION ECOLOGY

2.2.1 Species Diversity

The idea that individuals or populations can provide an indication of the
quality of their environment is widespread (Diaz, 1992). Species diversity is
perhaps the best known community structure parameter. Other parameters
include species composition, relative abundance, resemblance and spatial
structure and pattern (Diaz, 1992). Measurements of diversity are frequently
seen as indicators of the well-being of ecological systems (Magurran, 1988).
Environmental monitoring makes use of the fact that polluted or stressed

communities are characterized by a change in their species abundances.

The assumption is that the adverse effects of pollution etc. will be reflected
in a reduction in diversity or by a change in the shape of the species
abundance curve or distribution (Magurran, 1988). A huge number and
variety of diversity indices are used, and a great deal of confusion exists over
which diversity measure should be used for different circumstances.
Magurran (1988) provides practical advice on the measurement of ecological

diversity.

10
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2.2.2 General Bivalve Population Ecology

Infaunal bivalves (or clams) can occur in very high abundances over
extensive areas, and obtain the highest biomass of any infaunal animal
(Mitchell et al., 1988). As a result of the very high biomass, they are likely to
be an ecologically important component of soft-sediment environments
(Barnes, 1980). Numerous bivalve species are gathered recreationally and
harvested commercially. If populations of such species are to be managed it
is essential that the life history of the organism is understood. Population
size structure, growth, movement and distribution provide part of the
information required to understand bivalve life histories. Bivalves such as
Mercenaria mercenaria (Peterson, 1986; Hunt et al., 1987; Peterson and Beal,
1989; Walker and Heffernan, 1994) and Mya arenaria (Brousseau, 1978;
Newell and Hindu, 1982; Brousseau and Baglivo, 1987; England and Heino,
1994) have been intensively studied on the east coast of the USA. Although
bivalves of the intertidal zone have been studied in detail, much less is
known of the macrofauna of the subtidal environment. One exception is
bivalves of the genus Donax of wave swept beaches which have been
extensively researched in South Africa and Florida (Mikkelsen, 1981; Leber,
1982; Donn, 1987; Stenton-Dozey and Brown, 1994).

2.2.3 New Zealand Intertidal Bivalve Ecology

The majority of research done on bivalve ecology within New Zealand has
centered around intertidal populations. Studies on patterns of distribution
and abundance of bivalve populations in New Zealand are not plentiful.
The research that has been undertaken generally concentrates on either
intertidal bivalves, or on one or two individual species. Manukau Harbour
is a large shallow inlet where a number of studies of bivalve distribution
have been conducted on the intertidal sandflats (Grange, 1977; Thrush et al.,
1989; Pridmore et al., 1990; Roper et al., 1992; Thrush et al., 1992; Thrush et
al., 1994b). Similarly the distribution and abundance of bivalves at Ohiwa
Harbour have been investigated‘ (Paul, 1966).

11



Chapter Two: Literature Review
Autecological research in New Zealand is dominated by investigations of
the cockle Austrovenﬁs stutchburyi (Stephenson, 1981; Blackwell, 1984;
Belton, 1985; Dobbinson et al., 1989; McArdle and Blackwell, 1989), an
ecological equivalent to the northern hemisphere species Mercenaria

mercenaria (Grace, 1972).

2.2.4 New Zealand Subtidal Bivalve Ecology

Investigations into bivalve ecology subtidally within New Zealand are
sparse. Grange (1979) surveyed the macrobenthos at 42 stations in the
channels and subtidal sandflats in the Manukau Harbour. Grant-Mackie
(1987) described aspects of the biology of the subtidal horse mussel, Atrina
zelandica. Surf clam distribution, biomass and yield estimates off New
Zealand beaches have been obtained by Haddon et al. (in press), while a
dredge survey of surf clams in Cloudy Bay, Marlborough was undertaken by
Cranfield et al. (1994). Unpublished information has suggested that pipi may
occur subtidally (Grace, 1972; Venus, 1984; Hooker, 1995a).

2.2.5 Family Mesodesmatidae

The Mesodesmatidae, probably the most-studied family of bivalves in New
Zealand, is represented in New Zealand by 4 species: Paphies australis (pipi),
Paphies ventricosa (toheroa), Paphies subtriangulata (tuatua), and Paphies
donacina (deep water tuatua) (Hooker and Creese, 1995a). Due to the
popularity of P. ventricosa (toheroa) with recreational and commercial
harvesters, research projects were undertaken to further knowledge of the
toheroa and ensure adequate protection for the beach stocks against over-
exploitation (Redfearn, 1982). Drastic depletion of the toheroa in the late
1960s and early 1970s resulted in more intensive studies of the tuatua
(Greenway, 1981; Richardson et al., 1982; Redfearn, 1987; Grant, 1994), which

was to become an accepted alternative shellfish.

12



Chapter Two: Literature Review
The most familiar of the Mesodesmatidae, the pipi, has long been regarded
as an intertidal species (Creese, 1988) but surveys of pipi distribution and
abundance at Whangarei (Venus, 1984), Whitianga (Creese, 1988) and
Whangateau Harbours (Grace, 1972; Hooker, 1995a) suggest that pipi also
occur in subtidal habitats. Further subtidal studies of pipi have investigated
reproductive biology (Hooker and Creese, 1995a, b) and post settlement

movement (Hooker, 1995b).

To the best of my knowledge no study has investigated the distribution and
abundance patterns of bivalve populations, in particular P. australis, on

Centre Bank, Tauranga Harbour.

2.3 PREVIOUS INVESTIGATIONS OF ECOLOGY WITHIN
TAURANGA HARBOUR

2.3.1 Ecological Monitoring Survey Report to Bay of Plenty

Catchment Commission and Regional Water Board
Early ecological monitoring programs in the Bay of Plenty (B.O.P) were
requested by the Bay of Plenty Catchment Commission and the Regional
Water Board. In 1974 an Ecological Monitoring Survey of the reaches of the
major B.O.P rivers, the Ohau Channel and parts of Tauranga Harbour was
conducted (Bioresearches Ltd., 1974). Quantitative samples of macrofauna
were obtained, animals identified and counted. Population size structure
data were recorded for only two of the species found; Amphibola crenata and
Chione stutchburyi. Subsequently, abundance data, but little population size

structure information, was collected on the species present.

It was intended that the selected stations be monitored regularly so that
patterns of ecological change could be determined. Reports based on the
same sites as the 1974 Ecological Monitoring Survey were produced in both
the winter and summer of 1975 (Bioresearches Ltd., 1975a, b). A final report
(Bioresearches Ltd., 1976) attempted to collate information previously

obtained. The report summary considered Tauranga Harbour to have
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exceptionally high ecological value, being generally in excellent ecological

condition, with harbour habitats containing a high diversity of organisms.

2.3.2 Coastal and Estuarine Monitoring Program

A Regional Monitoring Network was initiated in 1990 by the Bay of Plenty
Regional Council. As part of this Network an annual Coastal and Estuarine
Ecology Regional Monitoring Program was scheduled to be undertaken over
the summer period each year. Monitoring included 15 intertidal sites
located within Tauranga Harbour. Two objectives of the Coastal and
Estuarine Ecology Regional Monitoring Program were to (a) provide Council
with reliable data regarding the ecological status of open coastal and enclosed
estuarine benthic communities in the Bay of Plenty region and (b) to
provide a basis for the reliable detection of long-term trends in benthic
community structure of open coasts and estuaries (Park, 1992). The
monitoring program has been undertaken every summer following the

initial survey.

The majority of ecological studies carried out in Tauranga Harbour have
been intertidal, and as yet studies of subtidal ecology of Tauranga Harbour
have been extremely limited. Information that has been gathered on
subtidal habitats within Tauranga Harbour has been descriptive.
Quantitative descriptions of sediment type and bivalve taxa at several
subtidal sites around the harbour were made by de Lange in 1983-1985, as
part of the “Tauranga Harbour Study” (de Lange and Healy, 1985).
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CHAPTER THREE

BROAD SCALE PATTERNS OF
DISTRIBUTION and ABUNDANCE
OF BIVALVES ON CENTRE BANK

3.1 INTRODUCTION

The patchy nature of environments coupled with the behaviour of species
determines the abundance and spatial arrangement of a population. A
fundamental step in any ecological investigation is the description of spatial

patterns of organisms (Andrew and Mapstone, 1987).

“Spatial and temporal patterns of organisms in an ecosystem are
important because they are the building blocks of the models from
which we generate hypotheses, both about the patterns themselves
and about processes that may govern them”

(Andrew and Mapstone, 1987: pp. 39).

Identifying spatial patterns is essential for improving the design and
interpretation of surveys and experimental studies by relating sampling
programs to natural scales of variation (Livingston, 1987). Thrush (1991)
points out that given the potential importance of spatial variation in density
to ecology, it is important to quantify what sort of patterns actually occur.
The analysis of spatial patterns in soft-bottom communities is inherently
difficult, particularly because of the crypsis of many animals; many species
are not apparent from the surface causing the need to disrupt the habitat to
assess pattern (Thrush, 1991). Subsequently few studies have summarised
the spatial patterns of marine organisms, especially those of cryptic soft
sediment macrofauna (Thrush, 1991). Spatial patterns in soft-sediments are

usually represented in the horizontal plane, since many benthic organisms
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use the sediment-water interface for feeding, movement and reproduction.
Most studies analysing the intensity of pattern report random, clumped or

regular spacing of individuals (Thrush, 1991).

3.2 METHODOLOGY

3.2.1 Sampling Design

A broad scale benthic survey was undertaken over a week in December 1994
(summer) to provide an assessment of bivalve diversity, spatial distribution,
abundance and population size structure across Centre Bank. Sampling was
repeated in May 1995 (winter). A systematic sampling design was used. The
advantage of systematic sampling over simple random sampling is that it
distributes the samples more evenly over the population and therefore
often gives more accurate and precise results (Snedecor and Cochran, 1972).
A grid of 54 sites at 250 m spacing was initially drawn up. However due to
time constraints in the field the number of sites was reduced by removing
alternate transects, leaving 27 sites on the remaining four transects 500 m
apart (Fig. 3.1). Transects ran from the Otumoetai Channel north to the
harbour entrance parallel to the Maunganui Roads wharf. Three of the
remaining sites positioned close to the harbour entrance were not sampled

as currents made sampling with SCUBA impossible.

Position Fixing

During the first survey site positions were determined by compass fixes on
navigation markers in the harbour, similar to the method used by Roper
(1990). Three bearings were recorded at each site, from which latitude and
longitude were determined from Navigational chart N.Z. 5412 (Appendix I).
The co-ordinates were then placed into the differential GPS (Navtrac 4000)

which was used for site relocation during the second survey in May 1995.

Navtrac position fixing gives an accuracy of +/- 5 m.
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$ ' Mt Maunganui

Matakana Island

i1 {1 3 Sulphur Point

Figure 3.1 Location of sample sites across Centre Bank, for Survey 1 (December, 1994) and
Survey 2 (May, 1995)
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3.2.2 Field Collection
Samples were collected by SCUBA diving at water depths of 0-8 m. A metal

hand sampler (Plate 3.1) was used to collect sediment to a depth of 9 cm,
collecting a total volume of 0.01 m®. A larger sized sampling unit is more
likely to include a higher proportion of the total species pool present, but
limits the number of samples which can be processed (Andrew and
Mapstone, 1987). Replicate samples were positioned randomly (using
randomly derived coordinates) within a 25 m? grid. The contents of the
hand sampler were transferred to a plastic bag in situ. Three replicate
samples were taken at each site. The number of replicates taken was
determined by time constraints in the field and limited sample-sorting time.
However Hartley and Dicks (1987) suggest that if each site is sampled at the
same intensity and the samples are treated in the same way, then it is

possible to make comparisons over the survey area.

Plate 3.1 Hand sampler (0.01 m®) used in Survey 1 (December, 1994) and Survey 2
(May, 1995)
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Samples were sieved onshore. Study objectives determine the mesh size
used in macrobenthic studies (Ferraro et al., 1989). My sampling program
was designed to obtain information on the size structure of both juvenile
and adult bivalves. As sorting time with a 0.5 mm mesh sieve is much
greater than for a 1 mm mesh (James et al., 1995), I used 1.0 mm mesh.
Hartley et al. (1987) cites a number of studies which show the use of the 1
mm mesh to be the most cost-effective compromise between ease of sorting
and information gained. The samples were fixed in a 5% formalin solution

(Holme and McIntyre, 1984), then stored until they could be sorted.

Sorting and Identification

Samples were re-sieved, thoroughly washed in freshwater to remove
formalin and placed in a white plastic sorting tray covered with 2 cm of
water. Each sample was sorted by eye with tweezers, all organisms being
removed and placed in a labeled container containing 95% ethanol (Hureau

and Rice, 1983). Samples were stored for subsequent identification.

All bivalves were identified to species level where possible using an
Olympus S260 dissecting microscope at magnifications of 10-63x. All
specimens were counted and measured (length along the anterior-posterior

axis) to the nearest millimetre.

3.2.3 Statistical Analysis

Species Diversity Indices

Berger-Parker and Margalef’s Indices

Diversity maybe divided into two distinct components: (1) the total number
of species and (2) evenness (Magurran, 1988). Commonly both components
are incorporated into a single numerical value; because of this there is much
confusion regarding correct usage and interpretation of species diversity
indices. Berger-Parker and Margalef’s indices were chosen because they are
straightforward measures of the abundance and dominance components of
diversity, and are easily calculated and interpreted (Magurran, 1988). The

Berger-Parker index is a simple dominance measure, both mathematically
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and conceptually (Southwood, 1978). This index expresses the proportional

importance of the most abundant species

d=N__ /N

where N=total number of individuals, and N__, =number of individuals in
the most abundant species. In order to ensure that the index increases with
increasing diversity the reciprocal form of the measure is often adopted.
Margalef’s index is a historically well-known species richness index, based
on the relationship between S (the number of species recorded) and N (the

total number of individuals summed over all S species).

D,,=(5-1)/In N

Multivariate Ordination Techniques

Canonical Discriminant Analysis (CDA)

Canonical discriminant analysis is a multivariate dimension-reduction
technique (Williams, 1983). CDA reduces a data set to a set of dimensions
that adequately describes the patterns in the data. Given two or more groups
of observations with measurements on several quantitative variables,
canonical discriminant analysis derives a linear combination of the

variables that has the highest possible multiple correlation with the groups.

Multidimensional Scaling (MDS)

Multidimensional scaling (MDS) was another statistical method used for
multivariate representation of community structure. An array of species
counts arising in both field and experimental community studies do not
always lend themselves to standard statistical tests based on multivariate
normality. Instead a valid and more revealing approach uses informal
display methods such as MDS (Clarke and Warwick, 1994). Non-metric
MDS analysis preserves the rank order relations amongst similarities in the
placing of samples in an ordination (Clarke and Ainsworth, 1993). Analysis
followed the suggestions of Clarke (1993) and Clarke and Ainsworth (1993),
data were reexpressed as Bray-Curtis similarities, then analysed using MDS.
No data transformations were undertaken.
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Spatial Analysis
Spatial autocorrelation analysis
Spatial density patterns were analysed using spatial autocorrelation. Spatial
autocorrelation techniques utilise the information contained in the
arrangement of samples across geographic space. Sokal and Oden (1978)
outline the spatial autocorrelation process as testing whether the observed
value of a variable at one locality is significantly dependent on values of the
variable at neighbouring localities. In the case of quantitative variables,
spatial autocorrelation can be measured by either Moran’s I or Geary’s C
spatial autocorrelation coefficients (Sokal and Oden, 1978, Upton and
Fingleton, 1985). Cliff and Ord (1973) suggest that Moran’s I is generally
more useful than Geary’s C. Correlograms are the graphical summary of
autocorrelation coefficients as a function of distance between pairs of
localities. In order to more easily establish the concept of spatial
autocorrelation, it is useful to entertain the idea of throwing a stick

randomly around a field.

“Imagine throwing a stick of specific length over an over again at a
certain study area, while noting the values of a variate at the points at
which the ends of the stick land. Affirming spatial autocorrelation is
tantamount to saying that the values at the ends of the stick are
usually like each other, or that they are usually different”.

(Upton and Fingleton, 1985: pp. 186)

Spatial autocorrelation techniques have been successfully applied in studies
of infaunal intertidal bivalves (McArdle and Blackwell, 1989; Thrush et al.,
1989).

Correlograms were calculated using SAAP 2.3. Data were displayed as
correlograms (plots of Moran’s I statistic against distance), with replicate
samples remaining separate from each other. Maps of taxa density (pooled
across replicates at each site) across Centre Bank in Survey 1 and Survey 2
were constructed, to allow visual examination of changes in density and

overall pattern across Centre Bank.
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3.2.4 Population Size Structure

If an understanding of the dynamics of a species is to be obtained, some
means of estimating the age composition is required (Krebs, 1978). Length-
frequency analysis is a commonly used technique when determining the
distribution of age classes within a population. A spread of size classes can
indicate settlement, growth and aeging. The shape of a length-frequency
histogram is used to indicate whether a population is young (with a
predominance of smaller size classes), or old (with a predominance of larger
size classes). Length-frequency analysis was conducted to document the
population structure of several dominant bivalve species across Centre

Bank.

Many bivalves are difficult to age directly from shell growth rings, as growth
rings can be confused with disturbance rings caused by other factors such as
predation attempts and fishing activity (Hooker, 1995a). Another method
used to estimate age composition of a population is tagging or marking of
individual animals and periodically measuring their sizes. The
disadvantage of this method is that recapture rates of tagged or marked

individuals, especially small individuals; can be very low (Kirkwood, 1983).

3.3 RESULTS

3.3.1 Taxa Abundance

A total of 25 bivalve taxa were identified to species level in the 80 samples
taken in Survey 1 (December 1994) (Table 3.1; see Appendix II for details).
The five most common taxa accounted for 84.9% of the 3,673 individual
animals recorded. The most common was the morning star shell Tawera
spissa (32.5%), then Ruditapes largillierti (22.1%) and Paphies australis
(18.2%). A total of 20 taxa was identified from the same sites in Survey 2
(May 1995). In Survey 2 the five most common taxa accounted for 93.2% of
the 6,532 individuals recorded. The most common taxon was P. australis
(67%), then T. spissa (12%) and third most abundant R. largillierti (7%).
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Table 3.1

Taxa recorded at Centre Bank, Tauranga Harbour

SPECIES CODE TAXA

1 Paphies australis

2 Ruditapes largillierti
3 Tawera spissa

4 Gari stangeri

5 Macomona liliana

6 Soletellina siliquens
7 Nucula nitidula

8 Nucula hartvigiana

9 Divaricella huttoniana
10 Perna canaliculus

11 Myadora striata

12 Scalpomactra scalpellum
13 Gari lineolata

14 Soletellina nitida

15 Dosinia subrosea

16 Gomphina maorum
17 Paphies subtriangulata
18 Modiolus areolatus
19 Arthritica bifurca

20 Notocallista multistriata
21 Zenatia acinaces

22 Hiatella arctica

23 Diplodonta striatula
24 Felaniella zelandica
25 Dosinia lambata

26 Tellina ?gaimardi

27 Sp. 1

28 Sp. 2

29 Sp. 3

30 Sp. 4

31 Sp. 5

TOTAL NUMBER OF
INDIVIDUALS FROM
ALL SITES

No.
individuals

670
813
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Chapter Three: Patterns of Distribution and Abundance
For Survey 1 (1994) the highest number of taxa was found at sites 2 and 6,
with 11 species present. The lowest number of taxa (2) was recorded from
site 23. All remaining sites recorded between 3 and 9 taxa. The number of
taxa recorded was the same or lower in Survey 2 (1995) than in Survey 1
(1994) for all sites except three, (sites 18, 25 and 27) (Fig. 3.2). In 1995 site 27
recorded the highest number of taxa, 12. There were no bivalves at site 9.
Several sites recorded a single taxon (e.g. 8, 12, 20 and 23). Remaining sites

recorded between 2 and 9 taxa.

TRANSECT 1 TRANSECT 3 TRANSECT 4
21 27
B Survey 2
20 26
B Survey1
. -
17 23 L
’ "B
1> 0o 5 10 15 0o 5 10 15
Figure 3.2 Number of taxa per site at Survey 1 (December, 1994) and Survey 2

(1995, May) of Centre Bank :

3.3.2 Assemblage-level Patterns

Species Diversity Indices

Berger-Parker Index

Values of the Berger-Parker index varied in both space and time. In Survey
1 (1994) high values of evenness occurred at sites 2, 14, 15, 17, and 26,
whereas high values occurred at sites 1, 21, 22 and 27 in Survey 2 (1995) (Fig.
3.3a). Of the two surveys, Survey 2 had lower Berger-Parker index values at
more sites, suggesting that assemblages sampled in 1995 were dominated by

individuals of one taxon. Site 4 had the lowest Berger-Parker index value
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for both surveys, hence greatest dominance by individuals of one taxon. A
large decrease in the Berger-Parker index value through time was apparent
at site 2 suggesting a change from evenness to dominance by individuals of
one taxon. A value was not recorded for site 9 in Survey 2 as no bivalves

were present.

Moderate increases in the Berger-Parker index occurred through time at sites
1, 22, and 27, indicating that individuals at these sites were more evenly
distributed among a larger number of species in Survey 2 than in Survey 1.
There was an increase in the number of species present but a decrease in the
total number of individuals recorded. Sites 8, 12, 20, and 23 had the greatest
dominance by individuals of one taxon for Survey 2, recording Berger-
Parker index values of 1. Transect 3 appeared to be the most unchanged
transect through time with sites showing a small drop in evenness. The
exception was site 21, which showed an increase in evenness and recorded

the highest Berger-Parker index value of all sites over both surveys.

Margalef’s Index

High Margalef’s index values occurred at sites 11 and 24 in 1994 and site 27 in
Survey 2 (Fig. 3.3b). Moderate decreases in Margalef’s index value from
Survey 1 to Survey 2 occurred at sites 24 and 11 indicating a decrease in
species richness, while at sites 8, 9, 12 and 23 Margalef’s index decreased to
zero in Survey 2. Large increases in Margalef’s index value occurred at sites
25 and 27. Generally lower Margalef’s index values occurred in Survey 2
compared to Survey 1, suggesting a small decrease in species richness

through time.
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Figure 3.3a Berger-Parker Index for bivalve species at sites of Centre Bank Survey 1 (December, 1994) and Survey 2 (May, 1995)
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Figure 3.3b Margalef's Index for bivalve species at sites of Centre Bank Survey 1 (December, 1994) and Survey 2 (May, 1995)
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Chapter Three: Patterns of Distribution and Abundance
Rank Sum Graphs
Rank sum graphs confirm patterns calculated by Berger-Parker and
Margalef’s indices. Rank sum graphs show species assemblage at site 4 to be
unchanged, being dominated by Paphies australis in both surveys (Fig. 3.4).
Rank sum graphs for sites 1, 22 and 27, correspond with Berger-Parker index
values. Sites 1,22 and 27 in Survey 2 display a decrease in the dominant
bivalve recorded in Survey 1, while an increase in the number of species
present is seen at site 27 (Fig. 3 5). In Survey 2, site 1 retained the same
number of species as in Survey 1, though the species and their densities
differed. Of the sites across Centre Bank site 8 showed most clearly a
decrease in species richness (Fig. 3.6). P. australis was the only species
recorded at site 8 in Survey 2, having a greater density than any other species

recorded at site 8 in Survey 1.
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Figure 3.4 Rank sum graphs for individuals of species 1-31 at site 4. Site 4 had the
lowest Berger-Parker Index value for both surveys, indicating a dominance by
individuals of one taxon in Survey 1 (December, 1994) and 2 (May, 1995).
Species codes given in Table 3.1
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Figure 3.5 Rank sum graphs for individuals of species 1-31 at sites showing an increase in

Berger-Parker Index values from Survey 1 (December, 1994) to Survey 2 (May,
1995), indicating greater evenness of species. Species codes given in Table 3.1
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Figure 3.6 Rank sum graphs for individuals of species 1-31 at site 8, showing a large

decrease in Margalef’s Index from Survey 1 (December, 1994) to Survey 2

(May, 1995), indicating a decrease in species richness. Species codes given in
Table 3.1

Multivariate Ordination Techniques
Principal Component Analysis was undertaken but showed no clear pattern

and is therefore not presented.

Canonical Discriminant Analysis

The first 2 canonical variables accounted for approximately 90% of the
variation in Survey 1 (1994) (Fig. 3.7). The species with the highest influence
on CAN 1 was Ruditapes largillierti.  Paphies australis and Nucula
hartvigiana were the most important contributors to CAN 2. Sites 7 and 4
were distinct on CAN 1 and CAN 2 respectively. Both sites 7 and 4 were
located on transect one, on the western side of Centre Bank. Site 7 was
distinct from others being positioned in the Western Channel. In Survey 2
(1995) (Fig. 3.7) CAN 1 was dominated by Gari stangeri, with the next most
important species in order being Tawera spissa, Soletellina siliquens and R.
largillierti. R. largillierti was the most significant contributor to CAN 2,
followed by T. spissa and G. stangeri. Site 5 was distinct, separating out from
other sites along both CAN 1 and CAN 2. Similarly site 21 located slightly
north of Centre Bank, separated out along both axes, negatively along the

CAN 1 axis and positively along CAN 2.
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Figure 3.7 Canonical Discriminant Analysis of bivalve densities from Survey 1

(December, 1994) and Survey 2 (May, 1995) of Centre Bank. Labels
indicate site numbers
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Multidimensional Scaling
In Survey 1 sites 7 and 23 were the two most extreme sites on DIM 1, while
sites 20 and 9 separate out along DIM 2 (Fig. 3.8a). The stress level is
moderate at 0.14. In the 1995 survey site 23 remains separated out along DIM
1, while site 20 is still distinct on DIM 2 (Fig. 3.8b). Sites 22, 19 and 8 are also
distinct from the remaining sites. A small group of seven sites appears
distinct at the left of the 2-dimensional ordination. Stress is higher than in

the first survey at 0.19, indicating a poor fit of the data to the model.
In Survey 1 both ordination techniques identified site 7 as being distinct

from others, while there was little concordance between techniques for

Survey 2.
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Figure 3.8a Multi-dimensional scaling (ordinations) of bivalve densities from Survey 1

(December, 1994) of Centre Bank. Labels indicate site numbers
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Figure 3.8b Multi-dimensional scaling (ordinations) of bivalve densities from Survey 2

(May, 1995) of Centre Bank. Labels indicate site numbers

3.3.3 Spatial Analysis

Spatial Patterns

Three abundant and widespread species were selected for analysis of their
distribution across Centre Bank. Density of Paphies australis varied greatly
among sites in both Survey 1 and Survey 2, with P. australis occurring at a
number of sites in only one survey (Fig. 3.9a). P. australis was absent in both
surveys at several sites (e.g. 5, 13, 17 and 24). At sites where P. australis was
recorded in both surveys, densities were relatively similar. The exception
was site 19, where density changed dramatically from a total of 93
individuals in Survey 1 to 3330 in Survey 2. Seven sites across Centre Bank,
4 on transect 1, recorded P. australis in Survey 1 and not Survey 2. P.
australis appeared in Survey 2 at sites 6, 18, 21, 26 and 27 having been absent
there in Survey 1. Correlograms of Moran’s I for the density of P. australis
in Survey 1 suggest positive autocorrelation at distances of up to 200 m (Fig.
3.9b, ¢). Significant negative autocorrelation occurred at approximately 500

m, with values becoming significantly positive again at approximately 1 km.
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Significant negative autocorrelation occurred at distances of 1600 m and 2000
m in Survey 1. In contrast Moran’s I values for distance classes in survey 2
did not deviate far from the expected values being significantly positive at

200 m and significantly negative at approximately 1 km.

Ruditapes largillierti showed two distinct areas of high density, one at sites 5,
6,7, and 8 on transect 1, the other at sites 13, 14, and 15 on transect 2 (Fig.
3.10a). Site 17 was conspicuous recording a high density in Survey 1, then
zero density in Survey 2. Similarly, individuals were recorded at sites 4, 10,
and 12 in Survey 1, but did not appear in Survey 2. R. largillierti was not
present in Survey 1 at sites 25 or 27, but appeared in moderate numbers
there in Survey 2. Sites 18, 19 and 20 recorded consistent densities in Survey
1and 2. The overall shape of the R. largillierti correlogram did not change
from Survey 1 to Survey 2 (Fig. 3.10b, c¢). Correlograms of Moran’s I for R.
largillierti were significantly positive at a distance of 200 m for both surveys.
Negative autocorrelation occurred at long distances of 1600 m and 2000 m in

Survey 1 but was not present in Survey 2.

Tawera spissa was evenly distributed across the entire bank, with
individuals being present at most sites in both surveys (Fig. 3.11a). T. spissa
was absent from only 4 sites (8, 9, 20 and 23). Densities of T. spissa varied
among sites and between the two surveys. At only 4 of the 14 sites (5, 18, 19
and 21) at which T. spissa occurred, did Survey 2 densities increase over
densities recorded in Survey 1. In Survey 1 densities of T. spissa were found
to be significantly positively autocorrelated at two extreme distances, 200 m
and 2000 m (Fig. 3.11b). Distances between these two extremes were non-
significantly negatively autocorrelated. The shape of the correlogram for T.
spissa in Survey 2 was quite different, with densities being significantly
positively autocorrelated at a short distance of 200 m then again at
approximately 1 km (Fig. 3.11c). Densities of T. spissa were negatively

autocorrelated at distances of 450-800 m.

All three abundant bivalves had similar scales of distribution of
approximately 200 m. Tawera spissa differed from the other taxa in having a
second positive peak of Moran’s I at about 1 km.
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Paphies australis
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Figure 3.9a Total abundance of Paphies australis, Centre Bank, Survey 1 (December, 1994) and Survey 2 (May, 1995)
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