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ABSTRACT

The distribution, abundance, population size structure and behaviour of
three common invertebrate predators were studied on Centre Bank, the
flood-tidal delta of Tauranga Harbour. The study assessed the role of the
predators in controlling the distribution and abundance of bivalve shellfish
and provided information concerning the biology of Centre Bank for Port of
Tauranga Ltd.

Two broad-scale surveys were conducted to describe the broad-scale spatial
patterns of Patiriella regularis, Coscinasterias calamaria and Cominella
adspersa. Results found P. regularis was the numerically dominant species
across Centre Bank and it maintained a widespread distribution over the
sampling period. C. calamaria was of low abundance and typically exhibited
a patchy distribution. C. adspersa was also found to be of low abundance and
similarly distributed as C. calamaria. Size structures of all 3 species
comprised mostly adults in both surveys.

Temporal monitoring at finer scales was undertaken, two-monthly, to
describe small-scale spatial patterns. P. regularis was found at similar
densities to that of the large-scale surveys and it was the most prevalent
species across the grid. C. calamaria was present at higher abundances within
a small patch of the grid and appeared stable over time. C. adspersa was
initially absent from the grid, but became more abundant and widespead
over the 9 month sampling period.

Investigations included monitoring the natural movement behaviour of C.
adspersa in relation to tidal currents and the body condition. Results showed
the directions moved and distances displaced by C. adspersa may be
influenced by the rate and direction of current movement and therefore
potentially influencing the dispersal ability of C. adspersa, in relation to
available prey. An experiment to determine the body condition of C.
adspersa in the field suggested that food deprivation may be less detrimental
than first realised, or that C. adspersa is able to feed on a greater variety of
food types than known of.

Little evidence was found that indicated predation was an important
mechanism controlling bivalve populations across Centre Bank. However,
predators may be potentially important as scavengers of decaying or dead
organisms. Their predatory activities may also provide shell substrate for
macroalgae, and this, in combination with dense aggregations of C.
calamaria, appeared to provide habitat for small fishes.
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CHAPTER ONE
Introduction

11  Study Area

Tauranga Harbour is located in the Bay of Plenty on the north-east coast of
the North Island, New Zealand (Figure 1.1). The harbour, a natural tidal
estuary, occupies an area of 218 km?2 and is enclosed by a barrier system of
two barrier tombolos, Mount Maunganui and Bowentown, and a barrier
island (Matakana Island) (Park, 1991).

The harbour is a resource of high scenic, cultural and recreational
importance. The area has received considerable public attention, as
evidenced by the recently formed organisation “Friends of Tauranga

Harbour”. In addition, it is of significant shellfish resources of kaimoana.

A small area of Tauranga harbour was studied known as Centre Bank,
(Figure 1.2), a flood tidal delta at the Tauranga Entrance to Tauranga
Harbour, surrounded by naturally formed tidal channels (Western Channel
and Otumoetai Channel) and dredged navigational channels (Cutter
Channel and Maunganui Roads Channel). A flood tidal delta is a sand body
located within a tidal inlet and comprises part of a larger dynamic
equilibrium system of an entrance channel and ebb tidal delta. Flood tidal
deltas protect the the inner estuary by dissipating wave energy, provide an
important sand resource and regulate sediment exchange between the open
coast and estuary (Hume et al., 1992). They are dynamic areas subject to
periods of erosion and deposition. Recent studies show Centre Bank to be
relatively stable, although the Western Channel had undergone changes
before 1990 (Mathew et al., 1995) and following the 1992 major deepening of
the adjacent shipping channels (Healy et al., 1991). The area sampled,

encompassing Centre Bank, covers an area of approximately 3.5 km? and
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depths range from less than 1 m to about 8 m below chart datum (Appendix
1).

1.2 Reasons for Study

Due to the natural changes occurring in the area and the dredging activities
undertaken by Port of Tauranga Ltd., attention has focused toward Centre
Bank, an area found to be sensitive to activities and whose biology is poorly

understood.

Accordingly, Port of Tauranga Ltd. has recognised the need to undertake
research for the type of planning it is engaged in (Bickers, 1992), and agreed
to fund two projects to describe bivalve populations and the epibenthic
invertebrate predators conspicuous across Centre Bank. This information
will enhance the understanding of the subtidal biology of Tauranga Harbour

and contribute to current biological databases being accumulated.

1.3 Study Objectives

The primary aim of this study was to describe the broad- and fine-scale
patterns of distribution, abundance and population size structure of
Patiriella regularis (Cushion starfish), Coscinasterias calamaria (11-armed
starfish) and Cominella adspersa (Large Spotted Mud Whelk), the three
conspicuous predatory species present across Centre Bank. A second aim
was to undertake field and laboratory studies to investigate the behaviour
and feeding biology of the three study species, to gain insight into what

potential effects they may have on bivalve populations across Centre Bank.
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1.4  Structure of Study

In order to achieve the objectives of this study, the thesis is structured as

follows.

Chapter Two provides a review of predation by epibenthic invertebrates,
background to the predatory species of this study and an outline of previous
work undertaken in the area. Chapter Three describes the broad-scale spatial
patterns of distribution, abundance and size structure of the predatory
species across Centre Bank, based on surveying the area twice after
undertaking a pilot study. Chapter Four describes the fine-scale spatial
patterns of distribution, abundance and size structure of the predatory
species over a small area of Centre Bank, based on regular surveying at 2-
monthly intervals. Chapter Five details experimental investigations of the
study species. Chapter 6 is a summary of results and conclusions, with

suggestions for future research.
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Figure 1.1: Location of Tauranga Harbour, North Island, New Zealand.
(Adapted from Mathew et al., 1995)
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CHAPTER TWO
Literature review

and previous work

The purpose of this section is to (1) discuss the role and importance of
predation by epibenthic invertebrates in shallow soft-sediment assemblages;
(2) provide a description of the predators in this work and previous work
conducted on them, and (3) review previous work conducted on and around

Centre Bank.

2.1 Role and importance of predation by epibenthic invertebrates in
shallow soft-sediment assemblages.

The structure of marine assemblages is a result of physical factors and
biological interactions among organisms. It is described by the distribution,
abundance, size structure, trophic relationships and diversity of species in
the assemblage (Menge, 1982). The roles of physical factors (e.g., wave action,
water movement, depth, substrate type, light, temperature, salinity, oxygen
etc.), are relatively well known and can usually be measured and accounted
for in the design of studies. However, the role of biological factors is more
diverse and complex. It is one of the major goals of ecology to understand
how the complex interactions among organisms affect the structure of
assemblages (Wilson, 1991). The three major biological factors identified as
having organising roles in marine assemblages are competition, predation
and recruitment. Predation is broadly defined as “any ecological process in
which energy and matter flow from one species to another” (Taylor, 1984).

However, this includes all animals and some plants. The most common
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definition of predation is “when one organism kills another for food”
(Taylor, 1984).
i

To test hypotheses of how marine assemblages are organised by biological
factors, most work has been performed in rocky intertidal habitats (e.g.,
Connell, 1961; Paine, 1966, 1969, 1974; Menge, 1972; Osman, 1977; Peterson,
1979a; Fairweather, 1988a). To understand the role and importance of
predation in soft-sediment assemblages, experimental research often is
patterned after rocky intertidal paradigms, despite the habitats being distinct
from one another. A common example of this is the employment of caging
structures to include or exclude predators from an area. This method of
experimental manipulation has become a powerful research tool in soft
sediment habitats and has lead to the formulation of a number of theories
concerning the roles of predatory invertebrates (Sih et al., 1985; Wilson,
1991).

Some possible effects of predation disturbances by epibenthic invertebrates
have been identified  as: increase in prey abundance when predators are
absent (e.g., Virnstein, 1977; Peterson, 1979b; Kneib, 1988); increase in species
diversity when predators are absent (e.g., Virnstein, 1977; Peterson, 1979a);
cause of patchy spatial distribution of prey (e.g., Duggins, 1983; Fairweather,
1988a; Hall et al., 1991); and cause disturbance-related mortality (e.g., Palmer,
1988). These effects are most pronounced from the feeding of large
vertebrate predators, such as grey whales (Oliver and Kvitek, 1984; Oliver
and Slattery, 1985), walruses (Oliver et al., 1983; Oliver et al., 1985), sea otters
(Estes et al., 1978), bearded seals, dugongs, manatees (Oliver et al., 1983) and
rays (VanBlaricom, 1982; Thrush et al.,, 1991). The effects of feeding
excavations are dramatic and can be produced in short periods of time,
reducing the abundance of the infaunal community, damaging the
surrounding area and attracting opportunistic species which may feed on the
particulate matter left behind. Predation may also affect the size structure
and growth of prey (e.g., Virnstein, 1977, Palmer, 1984; Richardson and
Brown, 1992; Underwood and Fairweather, 1992); affect prey morphology
and evolution (e.g., Boulding, 1984; Appleton and Palmer, 1988; Palmer,
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1990; Underwood énd Fairweather, 1992); affect prey behaviour, such as
avoidance and defensive responses (e.g., Feder, 1963; Phillips, 1976;
Himmelman and Dutil, 1991; Legault and Himmelman, 1993) and foraging
behaviour (Richardson and Brown, 1992); and prevent competitive
exclusion by a dominant competitor (e.g., Virnstein, 1977; Peterson, 1979%a;
Dayton and Oliver, 1980; Wilson, 1991).

The intensity of any predatory effect will be modified by several
characteristics of both predator and prey populations. Such factors may
include: relative size of predators to prey; mobility of predators and prey;
types of prey refugia; predatory feeding rates; whether the predator is
specialised or a generalist (i.e., width and preference of diet); method of
gaining access to prey tissue and efficiency (i.e., time and energy spent) of
that method; current level of hunger of predator; learned behaviour of
predator; sensory ability to locate prey from a distance (and for prey to detect
predators) and to select prey; life stage or predator; predator and prey
densities (see Underwood and Fairweather, 1992, for an excellent review;
Seed, 1993). The behavioural characteristics of predators and prey are
important in influencing the magnitude of the effects of predators on prey
assemblages. These behaviours may differ among and within species and at
different locations, and as the behaviours of predators in soft-sediments are
less well known than those inhabiting rocky shores, establishing a paradigm

for soft-sediment assemblages is difficult.

The importance of predatory interactions are often reported as significant,
although this is a reflection of the interpretation by ecologists based on the
design of their experiments. As on hard substrata, caging manipulations are
an accepted and powerful method of investigating the role of predators on
soft-sediment  assemblages; however the interpretation of such
manipulations must be approached with caution (Virnstein, 1978; Hulberg
and Oliver, 1980; Hall et al., 1990), as sediments create a range of problems
(both direct and indirect) not encountered on rocky substrates. The best
known of these is the influence of hydrodynamic changes in the presence of

a cage causing sedimentation in and around the cage and smothering of
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infaunal organisms, or scouring of sediment from around the cage and
exposure of infauna to predators (Hulberg and Oliver, 1980). Cages may
become fouled by animals and plants attaching to the structure, reducing the
supply of phytoplankton to filter-feeders, and the decomposition of
accumulated seaweed can cause anoxic conditions in and around cages
(Thrush, 1986). Enhanced recruitment of larval and juvenile predators and
meiofauna may occur into cages, which act as a refuge from larger predators
(Peterson, 1979a). Disturbance to sediment by cages can cause modification to
the structure, composition and chemistry of the sediment, which most
infaunal species are sensitive to (Kneib, 1991). Vegetation and animal (shell
remains) refuges may act to camouflage prey, thus reducing predator-prey
encounters (Kneib, 1991). Cage inclusions may alter the behaviour of
predators when movement is restricted (Wilson, 1991), (this may be
important for prey also, as little information is available on infaunal prey
movement through the sediment, although some exists on movement
through the water column (Hall et al., 1990)). The influence of infaunal
predators (such as polychaete worms) on community structure and their
potential to obscure experimental studies when their effects are not taken
into account, is becoming more widely recognised. Ambrose (1984, 1986,
1991) and Wilson (1986) review the predatory roles of infaunal predators in
structuring soft-bottom assemblages. Kneib (1988) discussed methods of
testing for indirect effects in soft-sediment assemblages, and Hulberg and
Oliver (1980) investigated artifacts of different caging structures in
experimental studies. Caging manipulations, although subject to artifacts,
remain the only valid test for evaluating the effects of predation, thus the
design and analyses must be rigorous especially when weak effects are
claimed (Hall et al., 1990). In addition to caging manipulations,
observational data, gut content analysis or laboratory experiments should be
conducted before acceptance of predation as the process causing

experimental results (Virnstein, 1980).

Controversy has existed for some years over the relative role of predation
compared to competition in organising the structure of marine assemblages.

Before the early 1970’s the role of competition was considered most
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important, but, during the 1970’s and 1980’s the role of predation had
received more attention, and was considered to be more important,
sometimes by reducing the effects of competition such as competitive
exclusion. Sih et al. (1985) reviewed papers from 7 journals to assess the
relative importance of these interactions and compared these between
latitudes and systems. Results (see Table 10 of Sih et al., 1985) of the study
showed predation to be more important than competition in rocky intertidal
systems, while competition was more important than predation in “other

marine” (including soft-sediment) systems.

In summary, the role of epibenthic invertebrate predators in soft-sediment
assemblages is becoming better understood, although it is still lagging
behind hardshore systems. Caging manipulations have improved our
knowledge of the roles predators may have in soft-sediment assemblages,
but the significance of those roles has to be cafefully interpreted, as soft-
sediments are host to a range of artifacts caused by caging structures. Finally,
establishing a paradigm concerning the roles of biological factors in
structuring soft-sediment assemblages, is difficult, in part, because of the
general lack of knowledge of predatory behaviour in soft-sediments, and the
possibility that these behaviours differ among and within species and at

different locations.

2.2 Study fauna review

The conspicuous species studied across Centre Bank are described, and an

outline of previous work conducted on them, is given.

Patiriella regularis

P. regularis (Verril, 1867), the ‘Cushion star’ belongs to the Phylum
Echinodermata, Class Asteroidea, Family Asterinidae (Plate 1). It is found
up to 65 mm diameter, although Grace (1967) found some between 20-25 cm
in diameter in Whangateau Harbour (New Zealand). It generally has 5 arms,

although 4, 6, 7 or even 8 arms are not rare, and its colour varies widely,

10
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mostly green, but also mottled green and yellow, orange, blue black and red,
and with cream coloured tube feet (Fell, 1962). It may be found inhabiting
rocky or sandy substrates, intertidally and subtidally, and is the most

common starfish of rocky shores in New Zealand (Morton and Miller, 1973).

Coscinasterias calamaria

C. calamaria (Gray, 1840) the ‘eleven-armed’ starfish belongs to the Phylum
Echinodermata, Class Asteroidea, Family Asteriidae (Plate 2). Typically it
has an arm spread of up to 350 mm and 11 arms, although, they may vary in
size and number due to loss and regeneration. It is a brownish or reddish-
brown colour with cream coloured tube feet (Fell, 1962). C. calamaria is the
most common of the large many-armed starfishes in New Zealand,
inhabiting subtidal and intertidal hard and soft substrates (Morton and
Miller, 1973), although it is most common in harbours and wave sheltered
shores (Barker, 1977). Itis found in New Zealand (Feder and Christensen,
1966), and other countries around the Indo-Pacific (Menge, 1982; Bradstock,
1985; Britton and Morton, 1994).

Cominella adspersa

C. adspersa (Brugiere, 1789), the ‘Large Spotted Mud Whelk’, belongs to the
phylum Mollusca, class Gastropoda, family Buccinidae (Plate 3). The shell is
large (up to 70 mm) and solid with a thickened aperture and conspicuous
bright orange or yellow interior. Its outer shell is distinguished by spiral
rows of reddish-brown spots on a buff to yellow-brown background (Powell,
1979). C. adspersa is one of the most common marine snails in New
Zealand (Morton and Miller, 1973), found mainly in the North Island to
northern part of the South Island (Powell, 1979). It is found intertidally and

subtidally and mostly in muddy locations.

Many studies have been performed on the community role of asteroids in
intertidal habitats, however less information is available on the distribution,
abundance, feeding ecology and community role of subtidal asteroids,
especially on southern hemisphere temperate shores, including New

Zealand (Menge, 1982). This also applies to subtidal gastropods. Despite the

11
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common occurrence of these species on New Zealand shores, their role and
impact in marine assemblages is little explored. They have been recorded in
several faunal surveys (e.g., P. regularis, Lyttleton Harbour, (Poore, 1968;
Knight, 1974), Banks Peninsula (Canterbury) (Davidson, 1989); P. regularis
and C. calamaria, Otago Harbour and Blueskin Bay (Rainer, 1981),
Whangateau Harbour, Auckland (Grace, 1966); P. regularis, C. calamaria and
C. adspersa, Manukau Harbour (Grange, 1977, 1979); C. adspersa,
Whangateau Harbour (Grace, 1967; Larcombe, 1968)). More comprehensive
studies include, e.g. Grace (1967) studied the distribution and abundance of P.
regularis and C. calamaria and their relationship to prey in Whangateau
Harbour; Martin (1970) studied the feeding biology of P. regularis and C.
calamaria and several other asteroid species (Whangateau Harbour); White
(1971) studied the morphology of the anterior part of the alimentary canal
and related this to feeding behaviour of Cominella species (Auckland);
Barker (1977) studied the settling behaviour of juvenile C. calamaria at
Maori Bay (Auckland) and in the laboratory; Burgett (1982) studied the
ecology and behaviour of P. regularis. Cook (1989) studied the abundance,
distribution and feeding biology of C. calamaria (Whangateau Harbour). It
should be noted that Crump (1969), studied, in part, the biology of P.
regularis and C. calamaria, but his work unfortunately was not viewed, thus

is not made reference to.

2.3 Previous work on and around Centre Bank

The physical characteristics of Tauranga Harbour have been the most
studied, such as the geomorphology, geology, sediment characteristics and
dynamics, hydrodynamics, wave climate, bathymetry, and numerical
modelling (see Davies-Colley, 1976; Davies-Colley and Healy, 1978a; Davies-
Colley and Healy, 1978b; Dahm, 1983; de Lange, 1988; Hume et al., 1992; Park,
1992; Bell, 1994; Mathew et al., 1995). In addition, studies relating to the
dredging of shipping channels and disposal of dredge spoil on the inner-
shelf, environmental impacts and water quality assessment have been

undertaken (e.g., W. D. Scott & Co. and Bruce Wallace & Partners, 1979;

12
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Healy et al., 1988, 1991; Roper, 1990; Foster, 1992; Warren, 1992; Burggraaf,
1993; Tian, 1993; Cole et al., 1994).

In contrast, biological studies undertaken within Tauranga Harbour have
been limited to few a studies. The first studies were conducted by
Bioresearches Ltd. (1974, 1975a, 1975b, 1976) and later by Bay of Plenty
Regional Council to provide a general description of the benthic intertidal

ecology and to add to current regional databases.

During winter 1974 a preliminary assessment was conducted on some
aspects of the ecology of the Welcome Bay region and Rereatukahia Estuary.
The study briefly included the Mount Maunganui Town Beach and Wharf
area, and found the ecology (including C. adspersa and P. regularis) of these
areas to appear healthy and stable (Bioresearches Ltd., 1974). A second
survey conducted during the summer of 1975 revisited Welcome Bay and
Rereatukahia Estuary as part of a continuing monitoring programme to
show seasonal fluctuations in the marine benthos. This survey showed the
areas to have undergone very little change; populations of bivalves,
gastropods, crustacea, polychaetes and coelenterates were relatively stable
(Bioresearches Ltd., 1975).

The BOPRC initiated the Natural Environment-Regional Monitoring
Network in July 1990. This programme included the Coastal and Ecology
Monitoring Programme conducted during the summer months of each year.
Fifteen monitoring sites were located within Tauranga Harbour, and
samples taken were analysed to assess the diversity and abundance of
macrofauna: gastropods, bivalves, crustacea, coelenterates and polychaetes.
A separate study of the programme involved monitoring the sea lettuce
Ulva lactuca at 3 sites, of which one was located near Sulphur Point Marina
(Park, 1992).

The results of species diversity in all these surveys found that P. regularis
and C. adspersa were present at most intertidal areas of Tauranga Harbour

that were sampled.

13
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However, none of the studies reported findings of C. calamaria, suggesting
that its distribution is limited within Tauranga Harbour or that it is

exclusively subtidal.

Plate 1: Patiriella regularis
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Plate 2: Coscinasterias calamaria

Plate 3: Cominella adpersa
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CHAPTER THREE
Centre Bank Survey

3.1 INTRODUCTION

It is well known that many marine assemblages exhibit patchy spatial
distributions. Despite this, studies which attempt to describe the scales of
distribution of fauna are scarce, particularly in soft sediments, and in addition,
many are often poorly designed (Morrisey et al., 1992). The assessment of
variation at a range of spatial scales is necessary for adequate interpretation of
the potential biotic and abiotic factors that may operate upon a marine
assemblage (Legendre and Fortin, 1989; Thrush, 1991).

This part of the study sought to describe the broad-scale patterns of distribution,
abundance and population size structure of Patiriella regularis, Coscinasterias
calamaria and Cominella adspersa across Centre Bank. Fine-scale patterns were
monitored by a grid sampling program discussed in Chapter Four. Two large-
scale surveys were conducted across Centre Bank in May and November 1995,

following a pilot study in December 1994.

3.2  PILOT STUDY

3.21 METHODOLOGY

Ideally to determine true population parameters such as abundance, one would
count or measure every individual in the area being examined. However due

to the inherent difficulties of doing this over a large area, and in fact in most
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biological studies, data are collected from samples of the population and
inferences about the population are based on these sample data (Andrew and
Mapstone, 1987). Centre Bank was divided into a grid of 54 sampling sites
regularly spaced at 250 x 250 m apart. This method is known as stratified
systematic sampling. It is the most efficient way of describing spatial péttern
when the population is thought to be clumped or heterogeneous in space by
providing a precise and unbiased estimate of the variable(s) under
investigation (Ripley, 1981; McArdle and Blackwell, 1989).

The sampling sites were selected on map (NZMS 5412) and located in the field
using 3 compass bearings on landmarks and harbour beacons and were
recorded for later relocation. At each site 3 randomly-positioned replicate
samples were collected by SCUBA within a 5m x 5 m area using a 0.01 m® steel
hand-held sampler. The samples were placed in separate plastic bags and
labelled. These samples were passed through 1 mm mesh sieves back at shore,
preserved in approximately 10% formalin and later sorted for numbers and

sizes of each of the taxa collected.

3.2.2 RESULTS

Logistical constraints, such as time, people effort, equipment and cost, and
safety considerations necessitated a reduction in sampling effort. The 54 sites
were thus reduced to 27 sites approximately 250 m x 500 m apart - omitting
every second transect (Figure 3.1). It was found that the sample unit size (0.01
m?) used was inadequate to collect sufficient numbers of individuals, although
this was a satisfactory size to collect bivalves for a companion study. The
results of the pilot study are located in Appendix 2, but analyses of these results

were not considered worthwhile because of the low numbers collected.
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3.3 CENTRE BANK SURVEY

3.3.1 METHODOLOGY

3.3.1.1 Positioning of Survey Sites

Twenty-seven sites were chosen across Centre Bank (Figure 3.1) covering an
area of 3.48 km? and ranging in depth between 0.5 m and 8 m (Appendix 1).
The regularity of the site positions were not accurately achieved due to the
positioning methods used in the pilot study. Site landmarks used in the pilot
study were relocated on map (NZMS 5412) and their longitude and latitude
coordinates found. These sites were then relocated in the field by use of a
‘Navtrac 4000" differential Global Positiorﬁng System (GPS), enabling the
original sites to be found to an accuracy of 1 m. The site and base station

coordinates are located in Appendix 3.

3.3.1.2 Sampling Methods

At all sites, three randomly-allocated quadrats were sampled (by SCUBA)
within a 5 m x 5 m area. The sample unit used was a 1 m? steel quadrat, which
was found to collect a greater number of individuals and reduce sampling effort
(i.e. time and cost). The number of individuals found within the quadrats was
counted and recorded on underwater slates (including those only partially
inside the quadrat) to provide density estimates per site. The top 5 cm of
sediment was finger-ploughed for C. adspersa, which was often found below

the sediment surface.
The size of C. calamaria was measured as the distance of its longest axis (to the

nearest cm) along the oral ambulacral groove to avoid complications with

missing and regenerating rays (Plate 4a). P. regularis was measured from ray tip
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Figure 3.1: Centre Bank sampling sites.
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to the opposite inter-ray (Plate 4b) to the nearest mm. In the unusual case of an
even number of rays (typically 4) the size was measured along its longest axis.
C. adspersa was measured from the tip of the aperture to the tip of the spire to

the nearest mm using a ruler (Plate 4c).

B: Coscinasterias calamaria

C: Cominella adspersa

Plate 4: Line drawings showing methods used to measure (a) P. regularis (adapted from
Fell (1962)), (b) C. calamaria (adapted from Fell (1962)) and (c) C. adspersa (by ]. Gillespie).
Measurements of P. regularis and C. calamaria taken on underside along oral ambulacral

groove.
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3.3.1.3 Data Analysis

Abundance

The mean density and standard error (SE) were calculated for each site per
survey for each species. The SE is the estimated precision of the sample mean,
used to estimate the true population mean density. The SE decreases with

increasing precision, and is dependent on the size of the sample (i.e. number of

individuals) and the number of replicate samples. Sample sizes of 230

individuals, give better estimates of the sample mean, than smaller (<30)

samples (which is related to the size of the sampling unit (e.g. quadrat)).

Spatial Distribution

The heterogeneous nature of the physical environment and the behaviour of
species give rise to the spatial arrangement of individuals (Thrush et al., 1989).
Spatial distribution patterns exhibited by individuals are described by the
intensity and form of pattern (Andrew and Mapstone, 1987; Thrush, 1991).
Intensity of pattern is determined using methods such as the coefficient of
variation and variance:mean ratio (given below) to describe the spatial pattern
of abundance of taxa at an area as non-random (clumped), random or regular.
The form of spatial pattern describes the arrangement of individuals in space
and is based on measurements between sampling units, to identify distinct

patches or density gradients running through an area.

(@)  Coefficient of Variation

When populations differ markedly in their means the comparison of their
variances or standard deviations would be risky as the variance is usually a
function of the mean. Thus as a measure of the amount of variation in the
population having different means, the coefficient of variation (CV) is

calculated. It is the standard deviation (s) expressed as a percentage of the mean

(X).
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The formula is:

5 x100

x

cv

(3.1)

(Sokal and Rohlf, 1973). The CV is used to compare the variation of
populations independent of the magnitude of their means, and thus acts as a
measure of the intensity of spatial pattern of a population. CV values less than
100% correspond to a relatively homogeneous population (i.e. little variation
among mean values) and values greater than 100% are from populations
which exhibit clumped or non-random distributions. The median CV of sites
per survey was calculated as this was thought to provide a better estimate of
variability than calculation of the mean, as the data did not exhibit normality

within sites especially for C. calamaria and C. adspersa.

(b) Variance:mean Ratio

This is the simplest index of the intensity of spatial pattern and is commonly
used (Andrew and Mapstone, 1987), perhaps due to its ease of computation. It
is based on the characteristic that if the variance of a sample is equal to the
mean density (a function of the Poisson distribution), individuals of a
population are randomly distributed in space (provided the sample statistics,
variance (s’) and mean (X) are derived from randomly allocated sampling
units (Andrew and Mapstone, 1987)). The formula to calculate the

variance:mean ratio (or coefficient of dispersion (CD)) is:

CD = (32)

RIIQN

(Sokal and Rohlf, 1973). Values will be near 1 (‘unity’) in distributions that are
essentially Poisson (random), be >1 in non-random/clumped samples and <1
in regular samples (Sokal and Rohlf, 1973), i.e. the CD has a minimum value

when every quadrat contains the same number of individuals and has a
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maximum value when all individuals are found in one quadrat. This is a
powerful test to detect non-randomness (however not as powerful for detecting
regular patterns) when sample sizes are greater than 5 individuals (Andrew
and Mapstone, 1987). Mean densities between 1 and 5 per unit produce
conservative results and when mean densities are below 1 the results are
considered invalid. It is a useful descriptive measure for detecting non-random
pattern, but due to its strong dependence on sample unit size, number of
replicate samples and number of individuals per sample unit, it is not
considered a satisfactory comparative test when these variables differ among
samples (Andrew and Mapstone, 1987). Hurlbert (1990) objects to the use of this
method to detect departure from wunity in a population, as the Poisson
distribution is only one of many distributions for which the variance:mean
would equal 1.0. Hurlbert found that although the populations exhibited
variance:mean ratio of 1.0, they also deviated significantly from Poisson. Thus
the measure of departure from Poisson does not admit all possibilities of the

classification of pattern (i.e. random, regular and non-random).

(c)  Spatial Autocorrelation

When a property of a population exhibits some degree of similarity in space it is
said to be spatially autocorrelated (Sokal and Oden, 1978). Spatial
autocorrelation can be measured by Moran’s I spatial autocorrelation coefficient
when data is quantitative, to visualise the variation in densities in all
directions over space. It is similar to the Pearson’s correlation coefficient since
the numerator is the sum of cross-products of centered values and then the
values of all pairs of points at given distance classes are compared (Legendre
and Fortin, 1989). Positive autocorrelation indicates homogeneity or sameness;
negative correlation, heterogeneity or dissimilarity (Sokal and Oden, 1978).
Moran'’s I is a simple and powerful test to detect spatial autocorrelation and it is
commonly used to describe the spatial arrangement exhibited by soft-bottom

fauna (Hall et al., 1994). An omni-directional Moran’s I was computed for
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densities of P. regularis, C. calamaria and C. adspersa in the two Centre Bank
surveys_using Spatial Autocorrelation Analysis Program (SAAP) (Version 2.3,
User’s Guide, 1985) on an IBM PC.

Population Size Structure

The size structure of a population may be described by length (or size)-frequency
distributions. Analysis of these distributions has been primarily done to
determine the age classes within a population for management purposes and to
monitor growth over time when tagging is impractical. The size-frequency
distribution is a result of recent recruitment and mortality and the growth rates

of individuals within a population (Hooker, 1995).

Due to the low numbers of C. calamaria and C. adspersa, and the non-normality
of data per site, median sizes were computed - a non-parametric measure of
central tendency. Sizes of each species from all sites were pooled to produce

size-frequency histograms per survey, and corresponding summary statistics.

3.3.2 SURVEY RESULTS

3.3.2.1. Abundance

P. regularis was the numerically dominant species across Centre Bank. The
ratio of P. regularis : C. adspersa : C. calamaria, based on total abundances, was
25.3:4.3:1 for May and 30.8 : 3.3 : 1 for November.

The abundance of each species was found to be lower in November compared
to the previous survey in May (Table 3.1). P. regularis had the smallest decrease
in abundance (only 5.4%), while the abundance of C. calamaria was 22.2% lower
and that of C. adspersa was 39.1% lower. This was largely due to the overall low

abundances of C. calamaria and C. adspersa, over Centre Bank; any small
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decline in abundance appeared large. For example, 6 less C. calamaria were
counted in the November survey causing a 22.2% reduction in abundance,
although 37 less P. regularis were counted (in November) resulting in only a
5.4% reduction, hence its decrease in abundance is of less consequence than for

C. calamaria and C. adspersa.

Survey P. regularis C. calamaria C. adspersa
May 684 27 115
November 647 21 70

Table 3.1: Total abundance of P. regularis, C. calamaria and C. adspersa in May and
November 1995.

Patiriella regularis

P. regularis was found at 24 of the 27 sites (89% prevalence) across Centre Bank,
for both May and November (Figure 3.2a). It was absent from sites 9 and 19 in
both surveys and site 20 in May and site 15 in November. Its highest mean
density was 25.67/m? in May, and 29.00/m’ in November (both at site 21) (Table
3.2). The overall mean density across Centre Bank per survey was 8.42/m?* (SE
1.75) for May and 7.99/m? (SE 2.07) for November.

Coscinasterias calamaria

C. calamaria was found at 11 of the 27 sites (41% prevalence) in May and 12/27
sites (44% prevalence) in November (Figure 3.2b). For both surveys, C.
calamaria was present at sites 5, 6, 13, and 14 (Figure 3.1), but mean densities at
these sites were lower in the November survey. The highest mean density in
May was 2.00/m’* and in November this was 1.67/m* (at sites 6 and 7,
respectively). The overall mean density per survey was 0.33/m? (SE 0.21) in
May and 0.26/m? (SE 0.23) in November (Table 3.2).
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Cominella adspersa

C. adspersa was found at 10 of the 27 sites (37% prevalence) across Centre Bank

in May and 11/27 sites (41% prevalence) in November (Figure 3.2c). It was

present in both surveys at sites 5, 6, 14, 21, 22, and 23 (see Figure 3.1) where

mean densities at these sites were generally greater in the May survey. Its

P. regularis C. calamaria C. adspersa
Site May November May November May November
Mean SE Mean SE | Mean SE | Mean SE Mean SE Mean SE
1 4.33 2.33 6.67 1.33| 0.00 0.00| 0.33 0.33 0.00 0.00 0.00  0.00
2 15.67 2.96 3.67 0.33| 0.00 0.00] 1.00 1.00 0.00 0.00 0.00  0.00]
3 7.67 0.88 2.67 1451 0.00 0.00f 0.00 0.00 0.00 0.00 0.67  0.67
4 16.67 1.76 4.67 1.67| 0.00 0.00| 0.33 0.33 0.00 0.00 2.00 1.0
5 16.67 0.33 8.33 0.33| 0.67 0.67| 0.33 0.33 5.67 0.33 4.00 4.0§|
6 9.67 2.60 9.67 2.67| 2.00 0.58] 0.33 0.33 267 145 0.33 0.3
7 8.00 3.79 5.00 1.15| 0.00 0.00| 1.67 1.20 0.33 0.33 0.00  0.00]
8 8.67 3.38 1.67 1.20| 1.33 0.88| 0.00 0.00 1.00 0.58 0.00  0.00
9 0.00 0.00 0.00 0.00| 0.00 0.00] 0.00 0.00 0.00 0.00 0.00  0.00
10 14.67 2.19 8.33 0.33| 0.00 0.00f 0.00 0.00 0.00 0.00 0.00  0.00]
11 6.67 2.19 9.67 5.36 | 0.00 0.00| 0.00 0.00 0.00 0.00 0.00  0.00]
12 6.67 2.33 18.00 12.01] 0.00 0.00| 0.00 0.00 0.33 0.33 0.00 0.00
13 2.00 1.15 5.00 2.08| 0.33 0.33| 0.33 0.33 0.00 0.00 11.67 6.6
14 3.00 1.00 3.33 240| 0.67 0.33] 0.33 0.33 1.33 0.88 1.00 0.5
15 2.33 1.33 0.00 0.00| 1.33 0.67| 0.00 0.00 0.00 0.00 0.00 0.00
16 8.33 1.86 5.33 1.20| 1.00 0.58]| 0.00 0.00 0.00 0.00 0.00  0.00j
17 8.00 1.15 2467 2.73| 0.33 0.33| 0.67 0.67 0.00 0.00 0.00  0.00f
18 13.00 1.73 17.00 4.04| 0.33 0.33| 0.33 0.33 0.00 0.00 0.00  0.00f
19 0.00 0.00 0.00 0.00| 0.00 0.00] 0.00 0.00 5.67 0.88 0.00 0.00
20 0.00 0.00 0.33 0.33| 0.00 0.00] 0.00 0.00 0.00 0.00 0.33 0.3
21 25.67 3.76 29.00 2.52| 0.33 0.33] 0.33 0.33 | 19.33 8.25 1.00 0.5
22 5.33 2.40 4.67 1.86| 0.00 0.00f 0.00 0.00 1.00 0.58 1.00 1.0
23 13.67 1.20 9.33 3.84| 0.00 0.00( 0.00 0.00 1.00 0.00 1.00 0.5
24 3.00 1.73 8.00 2.08| 0.00 0.00| 0.00 0.00 0.00 0.00 0.33  0.33
25 10.67 2.91 8.00 1.00| 0.00 0.00| 1.00 0.58 0.00 0.00 0.00  0.00j
26 3.33 0.88 7.33 1.33| 0.00 0.00| 0.00 0.00 0.00 0.00 0.00  0.00]
27 13.67 1.33 15.33 2.60| 0.67 0.67| 0.00 0.00 0.00  0.00 0.00  0.00]
Average| 8.42 1.75 7.99 2.07| 0.33 0.21] 0.26 0.23 1.42  0.50 0.86  0.60f

Table 3.2: Mean density (1m’) and standard error (SE) for each species per site in May
and November, 1995.
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Figure 3.2: Map of total abundance per site for (a) P. regularis, (b) C. calamaria and

(c) C. adspersa, in May and November 1995.
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highest mean density in May was 19.33/m’ at site 21, although densities at the
remaining sites were 5.67/m” and less. The highest mean density in November
was 11.67/m? at site 13, when densities at remaining sites were 4.00/m* or less.
The overall mean density per survey was 1.42/m? (SE 0.5) in May and 0.87/m?
(SE 0.6) in November (Table 3.2).

The precision of the estimates of the means were low. Standard errors (SE) for
both surveys were between 20% and 88% (greatest for C. calamaria and C.
adspersa) of the means, which indicated some degree of spatial heterogeneity of

the three species over Centre Bank.

3.3.2.2. Spatial Distribution

The broad-scale spatial distribution patterns of the 3 species are described by the
coefficient of variation, variance:mean ratio and Moran’s' [ spatial

autocorrelation.

(a) Coefficient of Variation

The median coefficient of variation (CV) for P. regularis was low (46.2% (May)
and 43.1% (November)) compared to both C. calamaria and C. adspersa (Figure
3.3). CV values for P. regularis were less than 100% indicating a relatively
homogenous distribution within sites across Centre Bank. C. calamaria
exhibited a high median CV (173.2%) for May and November, where there was
no variation of intensity in November (Figure 3.3).-The CV of C. adspersa
within sites increased from 97.2% in May to 173.2% in November, indicating

greater variation within sites in November.
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Figure 3.3: Plot of median CV (+ Q3-Q1) for P. regularis, C. calamaria and C. adspersa per
survey 1 (May) and 2 (November 1995).

(b) Variance:mean Ratio

Patiriella regularis A

CD values derived from sites with mean densities >5 (marked by asterisk in
Table 3.3) were approximately evenly divided into non-random (clumped) and
regular patterns. Sites with mean densities between 1 and 5 provided
conservative results, that tended toward values >1 or a non-random
distribution also. The average CD value per site across Centre Bank was 1.78 in
May and 2.85 in November, both indicating clumped distributions within sites,

and a higher degree of heterogeneity in November.
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Patiriella regularis|Coscinasterias calamarial Cominella adspersa

Site May November May November May November

1 3.77 0.8* . 1

2 1.68* 0.09 . 3 ; .
3 0.3 2.38 . . . 2
4 0.56* 1.79 . 1 . .

5 0.02* 0.04* 2 1 0.06* 12
6 2.1* 2.21* 0.5 1 2.38 1
7 5.38* 0.8 ' . 2.6 1

8 3.96* 2.6 1.75 . 1

9 . .

10 0.98* 0.04*

11 2.15* 8.93* . . .

12 2.45* 24.06* . . 1 .
13 2 2.6 1 1 . 11.51*
14 1 5.2 0.5 1 1.75 1
15 2.29 . 1

16 1.24* 0.81* 1

17 0.5* 0.91* 1 2

18 0.69* 2.88* 1 1 .

19 . 0.41 .
20 . 1 : ; . 1
21 1.64* 0.14* 1 1 5.04* 1
22 3.25* 2.21 . . 1 3
23 0.32* 4.75* . . 0 1
24 3 1.63* . N 1
25 2.38* 0.38* . 1

26 0.7 0.73* .

27 0.39* 1.33* 2 . ) .

Average 1.78 2.85 1.16 1.38 1.36 3.27

SE 0.26 0.95 0.1 0.14 0.28 0.82

Table 3.3: Variance:mean ratio for P. regularis, C. calamaria and C. adspersa per site as an
indication of the intensity of spatial pattern. Values >1 = non-random, 1 = random, <1 =
regular distribution within sites. Values marked with asterisks were derived from sites

with mean densities greater than five.

Coscinasterias calamaria

Most sites across Centre Bank had mean densities of C. calamaria less than 1
(Table 3.2) in May and November. Therefore, the results of this test for C.
calamaria were not good indicators of the intensity of spatial pattern. Of the 27
sites in May, 4 sites (6, 8, 15, and 16) had mean densities between 1 and 5, which
gave CD values approximately evenly distributed about 1 (a Poisson

distribution), suggesting random pattern within sites in May. In November, 3
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sites had mean densities between 1 and 5, which tended toward a clumped
distribution of C. calamaria within those sites. The mean CD per site for all of
Centre Bank was 1.16 in May and 1.38 in November; an increase of

heterogeneity within sites in November.

Cominella adspersa

Most sites in May and November at which C. adspersa occurred, had mean
densities less than 1, thus the CD results were not reliable. Three sites (5, 19 and
21) in May, had mean densities greater than 5 and the CD values were 0.06, 0.41
and 5.04, respectively (Table 3.3). In November, only 1 site (site 13) had a mean
density greater than 5 and the CD indicated non-randomness within that site.
Conservative CD results from sites with mean densities between 1 and 5
suggest regular, random and non-random distributions within sites across
Centre Bank in May and random to non-random distributions within sites in
November. The mean CD value of Centre Bank is 1.36 in May and 3.27 in
November; a much larger degree of non-randomness within sites in

November.

(c)  Spatial Autocorrelation

Patiriella regularis

The spatial autocorrelogram for P. regularis in May (Figure 3.4), indicated that
sites separated by up to 500 m (short distances) were positively correlated and
those separated by 600 - 800 m were negatively correlated. The correlogram
became positive again at 1600 m (long distances). The correlogram in
November suggested a similar distribution pattern to May, although the
secondary peak of positive autocorrelation was at slightly shorter distances and

was stronger in November than in May.
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Figure 3.4: Correlograms of Moran'’s I versus distance for P. regularis in May and
November 1995. Statistically significant autocorrelation coefficients (p < 0.025) are
indicated by filled circles. Error bars =+ 1 SD.

Coscinasterias calamaria

In May, the correlogram displayed positive autocorrelation at distances up to
650 m apart (Figure 3.5), and negative autocorrelation between 800 and 1000 m.
The November correlogram showed no similarity at short distances (up to 650
m apart), after which sites at greater distances apart were positively correlated
up to 1200 m and again at 1600 m apart. Sites at greatest distance apart showed
no spatial autocorrelation in both surveys; densities at those sites were most
dissimilar. In addition, the 'autocorrelation coefficients of May were greater,

indicating stronger spatial pattern than in November.
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Figure 3.5: Correlograms of Moran'’s I versus distance for C. calamaria in May and

November 1995. Statistically significant autocorrelation coefficients (p < 0.025) are
indicated by filled circles. Error bars = + 1 SD.

Cominella adspersa

In May, significant positive autocorrelation existed at sites up to 200 m, 650 m

and about 1450 m apart (Figure 3.6). In November a similar pattern was
evident where peaks of positive autocorrelation were at similar

distances, although positive autocorrelation existed for sites at greater distances
apart in November. The autocorrelation coefficient values were also higher in

May, as for C. calamaria, indicating stronger spatial pattern.

The low autocorrelation values (between -0.3 and +0.3) for the 3 species,
indicate little spatial pattern existed, and this was notably so for C. calamaria

and C. adspersa, thus results of these correlograms are simply suggestive of the
form of spatial pattern.
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Figure 3.6: Correlograms of Moran'’s I versus distance for C. adspersa in May and
November 1995. Statistically significant autocorrelation coefficients (p < 0.025) are

indicated by filled circles. Error bars = 1 SD.

3.3.2.3. Population Size Structure

Patiriella regularis

Minimum and maximum sizes of P. regularis were 11 and 74 mm in May and
14 and 83 mm in November (Table 3.4). The smallest size was found at site 10
(May) and site 16 (November) and the largest size at site 12 for both surveys.
Although the minimum and maximum sizes indicate larger individuals were
found in the November survey, the median size over Centre Bank for
November was 44 mm, while this was slightly higher (46 mm) in May. The
November data are more negatively skewed indicating a tendency toward

smaller sizes of P. regularis in this survey. For both surveys, the data remained

unimodal with a common mode at 45 mm (Figure 3.7).
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Figure 3.7: Size frequency distribution of P. regularis in May and November 1995.

Coscinasterias calamaria

A conspicuous shift in sizes of C. calamaria occurred between May and
November (Figure 3.8), and this species had the most skewed disfribution.
However, the total abundance or sample size (27) was too small to make
conclusive statements concerning size structure. The median size for May was
67 mm and 160 mm in November. The other measures of central tendency
also indicate this. The minimum and maximum sizes for May were 28 m m
(found at site 6) and 220 mm (site 5), and for the November survey these were
33 mm (site 13) and 280 mm (site 7).

Cominella adspersa

Minimum and maximum sizes across Centre Bank in May were 6 mm (site 19)
and 68 mm (site 7), and in November were 12 mm (site 21 and 13) and 60 m m
(site 5) (Table 3.4). The size-frequency distribution from the May survey is

strongly unimodal, with a median size of 42 mm. The size-frequency

35




Chapter 3: Centre Bank Survey

n 27 May

25 75 125 175 225 275 325 375 425 475

Frequency

November

25 75 125 175 225 275 325 375 425 475

Size Class Mid Point (mm)

Figure 3.8: Size frequency distribution of C. calamaria in May and November 1995.

histogram from the November survey was bimodal, with the two common
modes at 15 and 45 mm (Figure 3.9). A greater number of small (<20 mm) C.

adspersa were found in November.
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Frequency

5 15 25 35 45 55 65
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Figure 3.9: Size frequency distribution of C. adspersa in May and November 1995.
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Patiriella regularis Coscinasterias calamaria Cominella adspersa
Size (mm) Size (mm) Size (mm)
Site  Survey Min Max Min Min Max Med Min Max Med
1 1 27 59 41
2 24 57 35 240 240 240
2 1 26 58 43
2 35 54 43 - 170 205 185
3 1 42 63 50
2 38 55 45.5 45 59 52
4 1 32 62 50
2 39 65 52 160 160 160 16 51 46.5
5 1 35 71 51 52 220 136 30 58 43
2 39 74 52 190 190 190 42 60 46
6 1 22 62 50 28 190 48 19 59 335
2 38 55 47 60 60 60 43 43 43
7 1 36 51 41.5 68 68 68
2 35 66 45 90 280 130
8 1 29 59 45 34 140 80 29 61 48
2 32 50 41
9 1
2
10 1 11 60 44
2 30 50 36
11 1 35 58 47
2 22 62 47
12 1 45 74 58 46 46 46
2 46 83 67.5
13 1 41 65 50.5 62 62 62
2 44 67 50 33 33 33 12 53 20
14 1 33 60 52 87 165 126 18 52 255
2 40 57 50 75 75 75 45 47 47
15 1 33 63 52 45 71 575
2
16 1 34 52 45 67 233 71
2 14 58 44
17 1 40 62 46 62 62 62
2 25 55 40 150 180 165
18 1 26 60 42 133 133 133
2 29 62 42 54 54 54
19 1 6 39 15
2
20 1
2 38 38 38 46 46 46
21 1 30 55 42 80 80 80 17 67 445
2 23 80 41 205 205 205 12 46 45
22 1 44 61 S1.5 29 49 45
2 35 56 46.5 24 52 49
23 1 38 65 52 29 - 31
2 36 60 46 33 41 35
24 1 36 51 39
2 27 50 42 30 30 30
25 1 31 51 43
2 23 62 40.5 46 200 140
26 1 42 67 49.5
2 33 66 42.5
27 1 28 59 45 31 48 395
2 33 60 48

Table 3.4: Size data for P. regularis, C. calamaria and C. adspersa per site across Centre
Bank in surveys 1 (May) and 2 (November 1995).
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3.4 DISCUSSION

Abundance

Patiriella regularis was the most prevalent and numerically dominant species
studied across Centre Bank. It was found to be up to 30 times more abundant
than C. calamaria and up to 9 times more abundant than C. adspersa. Mean
densities of P. regularis at sites were as high as 29/m’ although they displayed
variable densities and had an overall lower mean density across Centre Bank of
up to 8.42/m’ The highest density of C. calamaria at sites sampled was 2/m?,
and its overall mean density across Centre Bank was up to 0.33/m?’ Densities of
C. adspersa were found up to 11.67/m?, although the mean density per site
across Centre Bank was lower - up to 1.42/m?* The estimated precision of mean
density calculated per site and survey was low. Numbers counted of each
species, particularly C. calamaria and C. adspersa, were <30 individuals per
sampling unit, causing data to be distinctly non-normal. Larger sampling units
would have been more suitable for C. calamaria and C. adspersa, but less so for
P. regularis. In addition, data of sparsely distributed species, as for C. calamaria
and C. adspersa, contain a large number zeros and there may be no

transformation capable of normalising the data (Hewitt et al., 1993).

Densities of P. regularis and C. calamaria are comparable to other studies in
Harbours. Grace (1967) reported mean densities of P. regularis of up to 8.88/ m?
at shallow, sand/shell areas of Whangateau Harbour (NZ). He also found C.
calamaria to reach densities of 0.55/m’ at areas where bivalves were most
dense. Cook (1989) reported densities of C. calamaria of up to 1.98/m’?, although
these were variable, they were found at highest density in shallow subtidal
areas characterised by shell debris also in Whangateau Harbour. Grange (1979)
reported relatively high abundances of C. calamaria in areas of Manukau
Harbour, also at stations with coarse shell debris. P. regularis was less common

than C. calamaria, and found at fewer stations, while C. adspersa was relatively
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common and found at stations characterised by medium-fine sand with mud or
shell grit. No quantitative data of mean densities were reported. Densities of
each species found across Centre Bank, appear similar to other reports of
densities, although these are limited and arise almost entirely from

Whangateau Harbour.

Spatial Distribution Patterns

Most biological populations, including those of soft sediments, are typically
characterised by neither random nor regular distributions, but rather clumped
(or “patchy” or “aggregated”) distributions in space and at a range of scales: <1
m to continental-wide (Legendre and Fortin, 1989; Thrush, 1991; Hall et al.,
1994). Spatial heterogeneity is fundamental in ecological theories, such as the
assumption that individuals close together in space are influenced by the same
generating processes such as epidemics, catastrophes, competition, predation,
succession, evolution, adaptation, species diversity, etc. (Legendre and Fortin,
1989). It is also of practical importance in population sampling theory where
spatial heterogeneity may impair the ability to use classic statistical techniques
such as ANOVA, which assume data are drawn from independent and
identically distributed random variables (Dutilleul, 1993). For example, positive
autocorrelation at short distances and thus dependence among neighbouring
samples bias tests such as ANOVA, correlation and regression by indicating
significant results under the null hypothesis when this is an overestimation
(Legendre and Fortin, 1989; Legendre, 1993). Spatial heterogeneity is also
recognised as important in understanding population stability (Hassel and May,

1974; Levin, 1976).
Over Centre Bank, spatial heterogeneity was first indicated by the large

variances and thus standard errors obtained and generally by the different

mean densities among sites. The intensity of the spatial patterns using the
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coefficient of variation and the variance:mean ratio indicated clumped or
heterogeneous distributions within sites (small scales) of C. calamaria and C.
adpsersa. Conflicting results were obtained for P. regularis. The coefficient of
variation suggested a homogenous distribution within sites while the average
variance:mean ratio per site suggested a heterogenous distribution. The form
of the correlogram of Moran’s I for P. regularis, indicated that areas of similar
(homogeneous) densities existed across Centre Bank at short and again at long
distances separated by areas of dissimilar densities, thus a heterogeneous
distribution. The correlograms of Moran’s I for C. calamaria and C. adspersa
also indicated a similar pattern of patchiness across Centre Bank, and are

supported by the patterns of density.

However, the values obtained from Moran’s I spatial autocorrelation coefficient
were low - values ranged from -0.3 to +0.3, when values may be obtained
greater than +1 and -1. Results of the autocorrelation were therefore only

suggestive of spatial pattern across Centre Bank.

Factors causing spatial heterogeneity at large (100s of metres to km) scales.

Large-scale population variability is often considered to be the result of physical
factors acting upon the population, while at small scales (10s of metres)
interactions among individuals are considered to be the major influence
causing heterogeneity. Thus physical factors may affect the distribution of
individuals across Centre Bank, and these may include water depth,
topography, sediment type, and water movement (Thrush, 1991; Morrisey et al.,
1992).

The distribution of individuals are tabulated (Table 3.5) according to the
physical factors imposed upon them across Centre Bank. All species were
found throughout the depth ranges and current velocities across Centre Bank.

C. calamaria was not found or was of very low abundance at sites of coarse sand,
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but was found, and at greater abundance (although these were also low), at sites
consisting of shell debris. Coarse sand of sandwaves and sites 22, 23, and 24 had
low infaunal abundance and this may affect the distribution of C. calamaria at
small scales across Centre Bank. Infaunal species and sediment are generally
considered to be closely related (but see Snelgrove and Butman, 1994). The
relationship between epibenthic fauna and sediment may be less strong than
the relationship between epibenthic predators and infaunal prey. For example,
C. calamaria is found at higher abundance in areas of high bivalve densities
within the sediment, but has little interaction with the sediment itself.

P. regularis was prevalent across Centre Bank, being found at most sites. It was
found at all water depths and currents, and at particularly high abundance
(such as at site 21), compared to C. calamaria and C. adspersa.

C. adspersa was found at sites of different physical characteristics, but appeared
to be most abundant in the shallow regions of Centre Bank, where current

velocities were lower (see Appendix 4a and 4b). In the field, C. adspersa was

P. regularis C. calamaria C. adspersa

Water depth: 0.5-3 m v N v

> 3m

2

Topography: sandwaves
flat
Sediment type: coarse sand
fine sand /shell
coarse shell

Water current: strong

2 2 2 2 2 =2 2 2
2 2 2 2 X =2 X
2 2 2 =2 2 =2 2 2

moderate

Table 3.5: Occurrence of P. regularis, C.calamaria and C. adspersa found across Centre

Bank. \ = occurred and x = absent.

observed to bury into the sediment during high current velocities, especially
small (<20 mm shell length) individuals. The relationship between these

physical factors is close (Jones et al., 1990; Snelgrove and Butman, 1994). For
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example, sediment type and topography are influenced by current velocities,
where strong currents erode sediment and transport fine material, leaving
behind a coarse well sorted sediment and shell lags (such as in Western
Channel). Water depth influences current velocities, such that they are
stronger in deeper areas, etc. For these reasons it is difficult to attribute the
distribution of each of the study species to any one factor and any potential
distributional factors should be assessed experimentally (Jones et al., 1990). In
addition, these physical features may not be causative factors affecting the
distribution of the animals, but they may be correlated with other factors
responsible for determining species distribution, such as water movement
transporting food and planktonic larvae (Black and Moran, 1991; Morrisey et al.,
1992; Hooker, 1995). The spatial patterns exhibited by each species may,
therefore, be most closely correlated to small-scale biogenic factors, as discussed

in Chapter Four.

Population Size Structure

Juveniles of P. regularis (<3 mm, Burgett (1982)) and C. calamaria (<40 mm,
Bradstock (1985)) were rarely found at sites across Centre Bank, although larger
juveniles were; namely for C. calamaria in May. C. adspersa were found at a
range of sizes - as small as 6 mm to sizes of up to 68 mm, and where the

smallest sizes were found in May.

The size structure of a population is the result of recruitment, growth and
mortality (Hooker, 1995). As a small area of Centre Bank was sampled over a
greater time period and incorporated more sampling occasions, growth is

discussed in Chapter Four.
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Recruitment

Recruitment is an important biological process structuring marine assemblages.
It facilitates the establishment and maintenance of a population and may
determine the spatial and temporal abundance and distribution of the
population (Santos and Simon, 1980; Prince et al., 1987; Andrew, 1989). Many
abalone fisheries have collapsed due to recruitment failure (McShane et al.,
1988) and yet, little is still known of recruitment processes for a number of
species. The larval stage of marine invertebrates is the least understood of all
marine life stages (Butman, 1987). Recruitment of juveniles to a population is
influenced by a host of factors: larval availability, reproductive strategies and
abundance of breeding stock, larval mortality, hydrodynamics and larval
dispersal, larval behaviour, available substrata, etc. (Keough and Downs, 1982;

Legendre and Demers, 1984; Scheltema, 1986; McShane et al., 1988).

P. regularis and C. calamaria are broadcast spawners, releasing eggs and sperm
into the water column during summer months (Burgett, 1982; Bradstock, 1985).
This is common to intertidal and subtidal asteroids in temperate and tropical
waters where water temperatures are not consistently low as in polar latitudes
(Feder and Christensen, 1966). The success of fertilisation of eggs in the water
column may be increased by the formation of breeding aggregations (Warner,
1979). This has been reported for P. regularis (Burgett, 1982) and a number of
other asteroids (see Feder and Christensen, 1966). Given the abundance of adult
P. regularis, as evidenced by size-frequency distributions, and their reproductive
strategies, it may predicted that larval availability across Centre Bank would be
high. However, water movement is a major determinant of the dispersal of
planktonic larvae and may occur over various distances (cm to 1000’s km) and
time periods (minutes to a year) such that dispersal is either local or pelagic
(Scheltema, 1986). The influence of regional hydrodynamic processes on larvae
dispersal has been studied (Prince et al., 1987; McShane et al., 1988; Black and
Moran, 1991) and localised dispersal due to reef retention was found to be an

important process influencing the subsequent abundance of settling larvae.

43



Chapter 3: Centre Bank Survey

dispersal has been studied (Prince et al., 1987; McShane et al., 1988; Black and
Moran, 1991) and localised dispersal due to reef retention was found to be an
important process influencing the subsequent abundance of settling larvae.
Also fine-scale hydrodynamics have been found to be important in larval
supply, where epibenthic structures enhance passive larval recruitment
(Ekman, 1979, 1983). Whether retention or fine-scale local dispersion and
subsequent settlement across Centre Bank occurs, requires study of the
hydrodynamics, horizontal and vertical, and is unable to be determined here.
Planktonic larvae have specific substratum requirements before they attach to
and metamorphose to the juvenile form (Barker, 1977) and may include
physical, chemical and biological features of the substratum (Barkai and Branch,
1988). This was described for C. calamaria, where the microtopography of the
substratum appeared to have little influence on the selection of substratum,
although the availability of a primary food source (microscopic algae, micro-
organisms, diatoms etc.) did (Barker, 1977). This requirement for hard
substrates has also been demonstrated for P. regularis whose planktonic larvae
metamorphose on hard substratum after about 70 days (at 20°C) (Burgett, 1982).
This fundamental requirement by larvae of P. regularis and C. calamaria, may
contribute to their apparent absence at the sites sampled across Centre Bank. It
could be inferred that the juvenile starfish are spending part of their early lives
at inaccessible areas such as shell debris in channels and were not found due to
their inconspicuous size, and recruitment to the population may not occur
until late juvenile stage. These patterns have been observed for Astropecten
zebra and Astropecten wvelitaris (Lemmens et al., 1995) and Asterias vulgaris
and Leptasterias polaris (Himmelman and Dutil, 1991) whose juveniles
exhibited similar requirements resulting in differential habitat distribution to
either deeper or shallower water where appropriate food sources were
available. Recruitment did not occur until the late juvenile stage when
juveniles were able to feed on similar food types as adults. Cannibalism by
adult P. regularis and C. calamaria on their juvenile counterparts has been

reported (Feder and Christensen, 1966; Martin, 1970) and could account for the
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regulation. However, it may be explained most simply as a consequence of

unselective predation by adults (Jangoux, 1982).

Many species of gastropods have widespread dispersal of planktonic veliger
larvae, while others have direct development of desmersal eggs (which may
undergo pelagic dispersal) or viviparity (Underwood, 1979). The habitat of the
breeding adults affects the reproductive strategy of gastropods. For example,
viviparity and pelagic egg capsules are the most common among species
inhabiting high intertidal areas, where harsh environmental conditions such
as temperature and desiccation may prevent reproduction of demersal eggs
(Underwood, 1979). In subtidal areas of the North Atlantic, the gastropod
Buccinum undatum, reproduces by direct development of demersal eggs
common to most neogastropods (Martel et al., 1986a and b). The egg capsules
either attach to some hard substrate or are laid in a mass of gelatinous material
(Fretter, 1984). The latter may be common to species of soft-sediment areas
where the tacky gelatinous material fastens to the sediment. This is a method

apparently undertaken by C. adspersa (Bradstock, 1985).

Mortality

P. regularis and C. calamaria are reported as having life-spans of at least 10 years
(Bradstock, 1985). Mortality is undoubtedly high for larvae during planktonic
life and predation by e.g. fish, seabirds and crabs, may be an important mortality
agent for young juveniles. Predation on settling larvae may also occur by
suspension-feeding infaunal bivalves (André et al., 1993).

Relationships have been found between reproductive cycles and longevity of
gastropods. Castagna and Kraeuter (1994) reported the knobbed whelk Busycon
carica, a long-lived predaceous gastropod, reaches reproductive maturity at the
age of 9 years, and Powell and Cummings (1985) found that bivalves and
gastropods of longer-than-average life spans coincide with long-term
reproductive cycles of >1 year. Information concerning reproductive maturity

and reproductive cycles of C. adspersa is lacking. Predation is likely to be more
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important for gastropods than for asteroids, due to asteroids being mostly
composed of water and calcareous material, and in the case of P. regularis, a

tough leathery outer epidermis (Bradstock, 1985).

Mortality may be the result of food deprivation. The ecological implications of
food limitation in echinoderms are somewhat less detrimental than for
gastropods, in that they are able to accommodate food limitation through
variations in growth rate (Andrew, 1989), and are able to resorb skeletal
material and shrink (Levitan, 1988). Therefore, the total biomass of
echinoderms in a population may vary, rather than reductions in population
size.  Density variations or population size may, therefore, be more

recruitment-driven for echinoderms than for gastropods (Andrew, 1989).
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CHAPTER FOUR
Grid monitoring program

41 INTRODUCTION

The purpose of this program was to monitor the distribution, abundance, and
population size structure of the three study species over a small area at regular
intervals. Broad-scale sampling (as in Chapter Three) enables only broad trends
to be identified, whereas fine-scale sampling provides an indication of the
factors regulating the population and their distribution at small scales within

relatively homogeneous physical environments (McArdle and Blackwell, 1989).

42 METHODOLOGY

421 Study Site

The selection of the monitoring site was largely based on the results of the
Centre Bank pilot study in December 1994. In order to study all the animals of
interest, a site was chosen between sites 11 and 12 of the Centre Bank survey, at
position 176°09’78”E and 37°39’17”S. This site had a relatively high abundance
of Coscinasterias calamaria and Patiriella regularis  although Cominella
adspersa was less common. Additional factors determining the selection of the
monitoring site were practical considerations of regular surveying, such as the
water depth and current strengths. Depths ranged from <1 m below chart

datum to where some areas were exposed at low tide.
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4.2.2 Sampling Design

A permanent grid was established over a 50 m x 15 m area. It was divided into
30 sites of 5 m x 5 m (Figure 4.1). This was achieved by a triangulation method
(Underwood, 1977) where two pegs were hammered into the sediment 5 m
apart to form a baseline. One 5 m length and one 7.07 m length of measuring
tape were attached to both pegs and their ends brought together. The point of
connection was the resultant location of a third peg, and so on (Figure 4.2). The
pegs used were 0.6 m lengths of electrical conduit. The ends were painted with
marine paint, and individually labelled with a plastic tag, etched with

coordinates, to allow divers to easily locate themselves in the grid.

NORTH

f 10( 11| 30

9 12| 29

8 13| 28

7 | 14| 27

50 m 6 | 15| 26

5 16| 25

4 | 17| 24

3 18] 19

2 | 19| 22

v 1 20| 21
SOUTH

15m

Figure 4.1: Layout of grid area, showing arrangement of sites 1 to 30.
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At each site, 5 randomly-allocated replicates were sampled in situ using a 0.5 m?
steel quadrat. Individuals within (and partially inside) quadrats were counted
and measured. These data provided an estimate of the density per site of each
species and the size structure of each species across the grid. Methods used to
measure each species were described in section 3.3.1.2. The top 5 cm of
sediment was finger-ploughed for C. adspersa which was often found below the

sediment surface.

B D
AN / Al
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|
7.07m 7.?}7/m :
5m) e AN Sm
/ AN 1
/ 1
5m ’ ;
A 5m C

Figure 4.2: Triangulation method used to set up grid. Length A is the initial baseline. B, C

and D are resultant locations of subsequent pegs.

4.2.3 Statistical Analysis Techniques

Mean densities and their standard errors per site and survey were calculated for
each species. The intensity of spatial pattern of abundance was assessed using
the coefficient of variation (CV) (Sokal and Rohlf, 1973) and variance:mean
(Sokal and Rohlf, 1973) indices. The spatial arrangement of individuals were
described using Moran’s I spatial autocorrelation coefficient (Sokal and Oden,
1978). The population size structure was described by size-frequency histograms.

See section 3.3.1.4 for description of these methods.
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4.3 SURVEY RESULTS

4.3.1 Abundance

Densities of P. regularis in the grid were generally stable until November, when
they declined. The total number of P. regularis counted in November was a
36% reduction from the September survey (Figure 4.1). Total numbers of C.
calamaria were generally similar throughout the survey period, while C.
adspersa experienced significant increase in abundance as its distribution over
the grid became more prevalent (Table 4.1). The mean density and standard

error per site for each survey and species are reported in Appendix 5.

Survey P. regularis C. calamaria C. adspersa
March 684 71 0
May 601 96 10
July 717 02 6
September 755 84 46
November 480 84 124

Table 4.1: Total abundance of P. regularis, C. calamaria and C. adspersa for March to
November 1995.

Patiriella regularis

This species was widespread over the grid area (Figure 4.3), where it was absent
from only site 10 in November. Sites of markedly high abundance (>41, Figure
4.3) differed for each survey, but were generally found at the south end of the

grid, at the base of a sandwave whose crest line lies west to east (see Figure 4.3).
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