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ABSTRACT

The colonial ascidian Podoclavella moluccensis Sluiter

(Aplousobranchia: Clavelinidae) inhabits subtidal hard substrata in
temperate anc tropical Australian waters. Colony densities span more
than two orders of magnitude between sites in St Vincent's Gulf and
Investigator Strait, South Australia. This thesis investigates the role
of pelagic and early benthic phases of the life history in determining
the distribution and abundance of adult colonies.

P. moluccensis lends itself to an investigation of early life
history stages because larvae are highly conspicuous. T1he size (4mm in
length) and bright blue pigmentation of P. moluccensis larvae render
them easily observable under water.

Population dynamics were examined at two sites; Edithburgh Jetty
and Port Noarlunga Reef. Life history attributes differed between these
sites. At Edithburgh, colony densities were the highest observed at any
site and colonies were semelparous annuals. Densities at Port Noarlunga
were approximately 7-fold lower than at Edithburgh and this populatioq
was perennial and iteroparous. Associated with these differences in
life histories were oaqifferences in the population aynamics and the
fecundity of colonies at each site. Fecundity was hicher at Edithburgh,
with a higher proportion of each colony brooding and significantly
larger broods.

The number of recruits at each site showed a strong positive
relationship with the size of the adult population. Recruitment at
Edithburgh was an order of magnitude higher than at Port Noarlunga. A
strong relationship between adult density and recruitment is to be
expected given the short distances over which P. moluccensis larvae

disperse.



Dispersal was quantified by following 270 larvae after their
release from the parental colony. One huncred larvae were followed
successfully to settlement. The aistance that larvae dispersead from the
parent colony was represented by a negative binomial function, following
smoothing of the data. On average, larvae moved a little over two
metres after swimming for less than two minutes. Estimated larval
mortality was, on average, less than 1l%.

Larvae cic not settle at random on available substrata. They
selected subtrata at settlement on the basis of 1light, gravitational,
ana chemical cues (textural cues were not examinea). Settling larvae
showed a preference for substrata on which early post-settlement
mortality was low. In a regression of settlement against recruitment,
settlement explained 86% of the variation in the relationship. Hence,
the number of settlers coulc be confidently inferred from estimates of
recruitment.

Post-settlement mortality was cependent on substratum type.
Overgrowth by neighbouring animals and the dislcodgement of epifauna upon
which larvae hacu settled were significant sources of post-settlement
mortality. Juvenile colonies were shown not to survive high levels of
artificial damage, indicating that predators were a potential source of
mortality. Indeed, recruit survival and growth rate were significantly
enhancea in crab exclosures. Crabs were not consuming' recruits but
rather 'trampling' them.

An interplay between adult population size, the distance of
dispersal, and the availability of sites suitable for settlement
acequately explain the oistribution and abundance of acdult colonies.
These findings underscore the significance of early pelagic and benthic
stages in determining the cistribution anc abundance of species which

have dispersive larvae.
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CHAPTER ONE
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General Introduction —

)

Complex interactions are likely to be common place in marine and
other communities. In an attempt to ceal with the complexity inherent
in npatural systems some ecologists have, for some time, been advocating
a reductionist or mechanistic approach to communities (Andrewartha &
Birch; 1954; Harper, 1982; Schoener, 1986). They suggest that it is
necessary to gain a better understanding of the components of
communities - the dynamics of populations, their 1life histories and
aspects of the behaviour and physiology of individuals. Indeed, natural
selection, the driving force of evolution, operates on variation between
individuals, and only indirectly on populations or communities.

The examination of this complexity may be pursued at any of
several ecological levels. Excluding evolutionary ecology there are
four levels or subdisciplines in the study of ecology; individual
ecology, population ecology, community ecology and ecosystem ecology.
These levels s&sre not simply arbitrary but constitute a hierarchy
(Schoener, 1986). Schoener cdevelops a strong case for consicering the
first three levels as a "perfect" hierarchy (sensu Beckner, 1974). He
excludes ecosystem ecology from this hierarchy because, by definition,
it includes the physical environment and therefore is not a strict sum
of lower levels. It could be argued, however, that rarely will a
community, in the sense wused by most workers, be a strict sum of
populations. As the study of ecology can be regarded as hierarchical,
Allen & Starr (1982) have suggested that it should be studied at all
levels. However, much of it is cdirected at one level, the community
(but see Lubchenco & Gaines, 1981).

The reductionist approach assumes that communities can be



2.

considered simply as the sum of their parts, plus their interactions
(Harper, 1982). With workers identifying ‘emergent properties!' in some
communities this assumption 1is apparently violated (Richmond et al.,
1975; Salt, 1979). 1he existence of emergent properties is not in
contention, but there is disagreement over their significance. Edson et
al., (198l) consider emergent properties to be embroiled in semantics
and "irrelevant" to ecology, and Schoener (1986) believes that these
properties do not ‘"rule out recucibility". The most convincing
demonstration of the power of the reductionist approach stems not from
rhetoric, in my opinion, but from the examples that Schoener (1$86)
cites.

To cemonstrate the complexity and subtlety of interactions which
may be overlooked if levels below that of the community are not studied,
consiver the following examples. Dayton (1971) cocumented a deleterious
effect of limpets on barnacles. He found that limpets in the course of
their foraging crushed, disloaged ("bulldozed"), and accidently consumed
barnacles. More recent work has demonstrated that wunder certain
circumstances limpet grazing may enhance barnacle survival. In a series
of experiments using a range of limpet densities, Underwood et al.
(1983) were able to show that on occasiocns 1limpets dic have a
detrimental effect on barnacle numbers. They found also that limpets
could enhance barnacle survival by grazing away algae that otherwise was
capable of smothering the barnacles. The outcome of this limpet -
barnacle - algal interaction was predictable. It was dependent upon a
complex interaction between the rates of settlement and growth of the
two spatial competitors and the density of limpets. Futhermore, these
interactions were mediated by prevailing environmental conditions.

In the absence of investigations directed at the appropriate

level, utilizing carefully designec and interpreted experiments, such



complexity would pass unnoticed. I am not acvocating an investigation
of complexity inherent in systems merely for complexity's sake.
Biologists often do not require a precise (quantitative) answer: a
qualitative result may be adequate to disprove a null hypothesis. From
the example above it is clear, however, that there is a danger of
generaliiations appearing in  the literature without adequate
consideration of alternative hypotheses (also see Underwood & Denley,
1984).

The development of models in ecology, be they mathematical,
graphical, or verbal, must continually compromise between precision,
realism and generality. One must be sacrificed if the other two are to
be maximized (Levins, 1966). Studies of epifaunal communities in South
ARustralia: provide a good example of the trade-off between precision,
realism and generality. Ecologists studying this comﬁunity have
sacrificed precision in an attempt to attain realism and generality.
These communities are diverse. As a direct result of this diversity,
and the poorly known taxonomic status of some groups (e.g. sponges),
workers have grouped organisms into broad taxonomic categories (e.g.
sponges, bryozoans, colonial ascidians, etc.) (Kay & Keough, 1981; Kay &
Butler, 1983; Keough, 1983, 1984a, 1984b; Butler, 1986). These
categories represent a convenient means of handling this diverse fauna
and reflect real biological subdivisions, as they identify different
body plans and growth forms. However, they suffer from the shortcoming
of masking many of the interactions and much of the complexity inherent
in the system. Nevertheless, these studies have served to identify, as
these workers intended, the broad scale patterns, and to a lesser degree
the processes operating, at the community level. To understand more
fully the processes responsible for producing these patterns it is

necessary to adopt the approach that Andrewartha & Birch (1954), Harper



(1982) and Schoener (198¢) advocate. That is, to investigate the life
cycle and dynamics of the component species.

An examindtion of interactions among component species in the
cryptic communities beneath foliaceous reef-building corals resulted in
a model proposing that species diversity was maintained in these
communities by a network of interactions {(Jackson & Buss, 1975) rather
than a simple competitive relationship in which species A beats species
B, which in turn beats species [, as had been documented for other
marine communities (Paine, 1966, 1574; Dayton, 1971; Connell, 1975,
1978). The outcome of interactions among species in temperate epifaunal
communities was dependent on the taxonomic level considered.
Competitive interactions among closely related nonconspecific colonies
of taxa had an unpreadictable outcome resulting from stand-offs between
neighbouring species (Kay & Keough, 198l; Russ, 1982; Keough, 1984a).
At a higher taxonomic level the outcome of interactions was much less
variable; "colonial tunicates overgrow most other species, sponges
overgrow bryozoans and serpulids, encrusting bryozoans overgrow
serpulids, ana serpulids are overgrown by all other common sessile taxa"
(Keough, 1984a, p.685)

With few exceptions studies of benthic interactions have been
concerned with adult organisms. It is clear, however, that interactions
among larvae ana recently settlec recruits, and interactions between
these early life history stages and adult organisms, may be complex and
important determinants of the subseguent distribution ana abundance of
adults (Grosberg, 1981; Young & Chia, 1981, 1984; Woodin, 1985; Davis,
in press).

In this stuay I set out to investigate the population dynamics of
one component of the South Australian epifaunal community, an ascidian

exhibiting mocular c¢rowth. Particular attention was focussed on the



interactions of larvae and recently settled recruits with adult
organisms.

Modular growth entails the iteration of building blocks,
analogous to individuals of solitary organisms (Jackson, 1977). This
growth form provides these clonal organisms with ecological and
evolutiongry opportunities that are not available to aclonal (solitary)
animals, including: indeterminant growth, the ability to invade patches
rapidly by reproducing asexually, and an ability to regrow following
large scale colony damage. Clonal g¢rowth also presents problems for
study of the population dynamics of these animals (Harper, 1977). No
relationship exists between size and age, owing to partial mortality,
fission and fusion .: Hence age-related demographic traits, commonly
used to characterise the aemography of aclonal species, are not
applicable.

This study focusses on the colonial ascidian Podoclavella

moluccensis Sluiter*, hereafter referred to as Podoclavella. This

ascidian is a member of the family Clavelinigae (Order: Aplousobranchia)
ana is widely distributed in Australia, ranging from Rottnest Island,
Western Australia to the Great Barrier Reef, Queensland (Kott, 1972).
In St Vincent's Gulf anc Investigator Strait, South Australia,

Podoclavella is a common and conspicuous member of the epifaunal

community. Colonies are sessile and attach to rocky reefs and

artificial substrata, such as jetty pilings, and often grow epizooically

Voucher specimens 1lodged at the Department of Zoology,
University of Adelaide bear the code (T5); duplicates are also in the
South Australian Museum, Adelaide. Until recently this species had been

misidentified as Podoclavella cylindrica (Quoy & Gaimard) - Kott, pers.

comm.



on other invertebrate species. These colonies are pigmented pale blue

and the repeated units, or zooids, arise from a spreading stolon.

The 1life History of ascidgians is straightforward. They are
typically hermaphrodites ana in most colonial species the ova are
fertilized in the peribranchial cavity and are retained, or brooded, by
the maternal colony (Berrill, 1931). Larvae are tadpole-like (they are
often referred to as ascidian tadpole larvae), freeswimming, and
non-feeding (lecithotrophic). After release larvae usually spend a few
hours, or less, swimming and then settle (Berrill, 1975). Metamorphosis
scon follows and involves consicderable reorganization, including
resorption of the larval tail. This process marks the transition
between a larval planktonic existence and the sessile filter-feeding
mode of 1life characteristic of the adult. The colony grows by the
budding of zooidas from the newly metamorphosed larva and the cycle is
complete upon the zooids reaching reproductive status .

Podoclavella was selected for stuay for two reasons: First, adult

colonies were conspicuous and counts of the large zooids (upto 45mm
high) provides a convenient estimate cof colony size. Second, and more
importantly, this species possesses large larvae (Kott, 1972),
facilitating a agirect examination of factors influencing the settlement
of larvae and their subseguent survival.

Larvae were first observed in the field in the spring of 1983.
They were over three times larger than Kott had recorded, measuring 4mm
in length. ' Their size anc blue pigmentation rendered them easily
visible underwater and allowed observations of larval movements and
settlement behaviour (Plate 1).

In this thesis I examine the spatial and temporal patterns of

distribution and abundance of adult Podoclavella. Particular emphasis

is placed on the role played by pelagic and early benthic stages of the



life history in producing these patterns. Chapter 2 examines the
spatial and temporal patterns of distribution and abundance. In the
remaining chapters I consider the effect of settlement and early
post-settlement mortality on these patterns of distribution and
abundance. Specifically: Chapter 3 examines larval dispersal and
mortality, Chapter 4 the role of settlement and post-settlement
mortality in determining patterns of recruitment ana Chapter 5 addresses
the influence of predators on early post-settlement mortality. In the
final chapter, the general discussion, I couple the patterns observed in
Chapter 2 with the processes examinea in the other chapters.
Logistically, it was not feasible to undertake an intensive study
of larvae at more than one site. A site with reliable diving conditions
was selected for this task. To facilitate comparisons between sites the
conficence with which settlement may be inferrec from levels of

recruitment was assessed also in Chapter 4.



Plate 1. Larva of Podoclavella moluccensis. This specimen was

preserved and the blue pigmentation is not apparent.
The trunk is lmm in length and the tail 3mm. Note the

large adhesive papillae at the anterior of the larva.






CHAPTER TWO

Spatial ana Temporal Patterns of Distribution and Abundance

2.1 INTRODUCTION

Ascidians are widely distributed geographically and often
remarkably abundant, even numerically dominant, in some communities
(Millar, 1971). As this group is largely restricted to the sublittoral,
observations of ascidian population dynamics stem from, and are usually
incidental to, investigations of epifaunal community development and
stability (Csman, 1977; Sutherland & Karlson, 1977; Sutherland, 1981;
Russ, 1980; Kay & Butler, 1983; But see Svane, 1983, 1984; Svane &
Lundalv, 1981, 198Za, 1982b).

Although many of these studies have recorded population densities
of ascidians and the magnitude of change in density over time, few have
ingentified the factors producing these changes. Most workers have
introduced biases into their investigations by examining small areas of
substratum, submerged for only short periods of time (usually less than
four years).

The size and age of substrata have an important influence on the
species that settle on them and, in turn, the community that develops
there. Small substrata submerged for short periods will tend to be
dominated by short lived species heavily reliant on larval recruitment.
They are therefore wunlikely to be representative of epifaunal
communities and their component species (Kay & Keough, 1981; Keough,
1984a).

A second bias stems from the suspension of these experimental
surfaces above the seabed, thereby excluding crawling invertebrates.

Many of these invertebrates, incluoing crabs, grazing gastropods and



urchins, remove or kill epifaunal organisms (Ayling, 198l; Sebens,
1983b, 1985; Young & Cnia, 1984).

Unfortunately some of the studies on large substrata, submerged
for long periods of time, may also suffer from a lack of generality. In
their long term, photogrammetric study of ascidian populations on the
Swedish west coast, Svane (1983, 1984) and Svane & Lundalv (1981, 1982Za,
1982b) consicered one patch of rock wall only at each of their sites -
there was no replication. Despite the large area of this patch
(l.5m2), relative to many of the studies listed above, it 1is
nevertheless unwise to use one replicate as a basis for comparison
(Hurlbert, 1984).

The problems associated with sampling ascidian populations are
further complicated by the body plan of some ascidian species.
Ascidians fall into two broaa groupings; 1) Solitary animals and 2)
Colonial animals made up of repeated, physiologically connected, units.
These units (zooids) are analogous to individual solitary organisms and
impose a mocular construction on these ascidians. Zooids, or more
commonly groups of zoolas, are often capable of operating incependently
of the parent colony, even after separation from it. These
physiologically incepencent sub-units of colonies, referred to as ramets
by plant ecologists (Harper, 1977), result from the settlement and
subsequent buading of one larva: collectively they represent one
genotype, a genet. Colonies may be split anc separated by fission, but
they may also be joined by fusion. Compatible ramets, usually derived
from a single genet, may coalesce or fuse (Hughes & Jackson, 1980;
Heyward & Stoddart, 1985).

Assessment of population size will be hampered if colony fission
and fusion occurs regularly and rapicly (Bak et al., 198l1). These
processes also decouple the relationship between colony size and age.

As a direct result, concepts of demography derived from solitary



10.

animals, such as age at first reprocuction, are not applicable (Hughes
and Jackson, 1985).

Clearly, the study of population dynamics in colonial organisms
will be confused if the products of colony fission and fusion cannot be
distinguished from those of larval settlement and colony mortality. The
degree of confusion will depend on the organisms studied and the
intensity of sampling. In colonial organisms possessing a mineralized
skeleton, such as corals, traces of their fission and fusion remain and
annual sampling may be sufficient to distinguish these patterns (Hughes
& Jackson, 1985). In constrast, soft bodied organisms require more
regular sampling if these patterns are not to be confused (Bak et al.,
1981). In extreme cases, such as that observed by Ryland et al. (1984),
observations every few hours may be necessary.

In this thesis I follow Jackson's (1985) definitions and consider
colonies that are physically separate, and therefore countable, to be
individuals, irrespective of whether they represent ramets or genets.
This represents an oversimplification and will be further discussed
later in this chapter. Reproduction will be considered a means by which
the number of incivicual colonies is increased. Reproduction may be
sexual, through the production of larvae and their subsequent settlement
or, alternately, it may be asexual by the fission of a colony into
separate entities.

The aim of this chapter was to investigate patterns of spatial

and temporal distribution and abuncance of one species, Podoclavella

moluccensis (Clavelinidae), within St Vincent's Gulf. Initially the
number and size of colonies were examined at two spatial scales; first
at a broad scale (between sites) and second at a finer scale within
sites. All sampling was replicated and restricted to large substrata,

submergeo for periods in excess of 20 years.
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Owing to technical and financial constraints, population dynamics
were investigated at only two sites. The intention was to determine the
magnitude of change with time and then investigate the factors likely to
produce these changes. These factors include: the production and
recruitment of sexually produced propagules, fission, fusion and finally
mortality. Here I describe patterns of distribution and abundance and
then address the underlying processes producing them in the following

chapters.



1Zp

2.2 MATERIALS AND METHODS

Study sites

Patterns of distribution and abundance were investigated at ten
sites within St Vincent's Gulf and Investigator Strait, South Australia
(Fig z.1). Four of these were rocky reefs and the remainder jetties.
Many of these sites were sampled only once and do not warrant a detailed
description. For brevity relevant details of each site and a subjective
ranking of wave exposure are given in Table 2.1.

Sampling was intensive at two sites and they will be described in
detail. Port Noarlunga Reef (35°09'S 138°29'E) is a consolidated
pleistocene sand Ccune. This reef runs parallel to the coast,
approximately 350m offshore, and is partially exposed on low tides.
Rccess to the flat reef top was provided by a Jjetty. The inner
(sheltered) side of the reef dropped almost vertically to sand at around
7m depth (MLLW), whereas the outer reef fell less abruptly to sand and
was deeper (10m at MLLW). A dense forest of the laminarian, Ecklonia
radiata (C. Ag.) J. Ag., and fucoid algae, Sargassum spp., cloaked
sunlit rock surfaces, while the undersides of overhangs and vertical
rock faces were dominated by a number of sponge and ascidian species.

The solitary ascidian Pyura irregularis (Herdman) was particularly

common .

Edithburgh Jetty (35° 5'S 137° 45'E) faces east ang was shelterea
from the prevailing south-westerly winds. Constructed 1last century,
this 173m long structure is supported on pilings of one, or a
combination of, Eucalyptus species: E. marginata (Jarrah), E. fibrosa
(Red Ironbark) and E. paniculata (Grey Ironbark).

Edithburgh Jetty stands in approximately ém of water (MLLW) and



is flanked on three sides by seagrass meadows of Posidonia australis

var. angusta Hook. Fauna common in the meadows and underneath the jetty

include the razorfish, Pinna bicolor Gmelin and the solitary tunicates

Phallusia depressiuscula (Heller) and Polycarpa pedunculata Heller.

The jetty pilings were dominated by sponges (over 19 species have
been recordec - Kay and Butler, 1983) and a seascnally abundant colonial

ascidian, Botrylloides leachii (Savigny). A number of bryozoan and

ascidian species, in addition to the stony coral, Culicia tenelila Dana,

were also common.

Port Noarlunga Reef was exposed to the prevailing south-westerly
winds and diving was always weather dependent. On the other hand,
aiving at Edithburgh jetty was seldom precluded by rough conoitions.
The wave exposure of each site had a profound influence on water
clarity. Visibility at Port Noarlunga rarely exceeded 5m, whereas
better visibility was common at Edithburgh.

Seawater temperatures varied between 23°C in summer {(January and

February) to around 10°C in winter (July and August)

Spatial patterns

The distribution and abundance of Podoclavella was assessed at

two scales. The first was between reefs and jetties within St Vincent's
Gulf and the second at a much finer scale, within a reef.

The apparency of animals (that is, the ease with which they may
be cistinguished from their environment) is an important consideration
when sampling their patterns of distribution. Winter 'blooming' of
colonial ascidians commonly occurs in  South Australian epifaunal
communities (Kay & Butler, 1983), thereby altering their apparency.

Poooclavella bloomed in winter and was therefore most apparent in this
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season (A.M. Kay, pers. comm.). So, where possible, sampling was
restricted to this time of year.

Ouring this monitoring two variables were measured; colony
density and colony size. Size of colonial organisms has been estimated
in two ways. Colony area may be measured (e.g Hughes & Jackson, 1985)
or the number of repeated units, within a colony, counted (e.g. Karlson,
1983). Measurements of colony area are advantageous as they are
indicative of an organism's ability to obtain and hold space, a limiting
resource in epifaunal communities. However, such measurements of area
are often difficult to obtain and, unless the organism grows as a thin
sheet, they may also be inaccurate. Counts of zooids more directly
reflect the population dynamics of a modular organism, and counts of the

zooids of Podoclavella proved to be the most convenient means of

estimating colony size. To ensure that counts of zooids were a good
precictor of colony size (ary weight) and the area of substratum
occupied by a colony, the relationship between these three measurements

was established.

i) Relationship between zooid number, colony size and attachment
- area.

To establish these relationships a sample of colonies (n=56),
representing the size range available, was collected from Edithburgh
Jetty in the winter of 1983. Zooids were removed from the stoloniferous
basal 'mat' of a colony, with a razor blade, and placed in a plastic
bag. The outline of this basal 'mat' was traced onto an acetate sheet
with a chinagraph pencil, then the mat was prised from the piling and
also placed in the plastic bag. All colonies were assigned numbers and
kept in separate plastic bags.

In the laboratory colonies were removed from the bags, the zooids
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counted and dry weights determined after drying for 48 hours at 50°C.
The attachment area of each colony was calculated by digitizing tracings
of the area of the basal mat with a microcomputer. The regression of
zcoid number on the area of attachment and colony dryweight was then
calculated. Owing to the present wuncertainty surrounding the
application of mocel 1I regression (Sokal & Rohlf, 1981 p.555), in this

and other chapters model I regression analysis will be used.

ii) Comparison of density between sites

The density of Podoclavella was established by counts in quadrats

positionea haphazarcly. Quadrats were varied in size depending upon the
nature of the substratum investigated. On most jetty pilings, quadrats
Mmeasuring 2.5m2 were wusea, The circumference of each piling was
measurea with a tape and the appropriate quadrat height, to give an area
of 2.5m2, was calculated. Hence, counts were performed on all sides
of a piling. The base of each quadrat was positioned 0.5-2m above the
seaoec.

A smaller quadrat size was adopted on Edithburgh Jetty.

Densities of Podoclavella at this site were so high that a quadrat of
2

0.17m" (30x56cm) was more appropriate. The bases of these quaarats
were positicned about 1.5m above the seabed.
The area of quaarats positioned on rocky reefs was reduced to

l.25m2.

Guadrats were positioned on vertical faces devoid of large
brown algae, which was, incidently, equivalent to the sampling procedure

usea uncerneath jetties.

iii) Comparison of censity within sites

Variation in the distribution and abundance of Podoclavella

within sites was investigated at Ecithburgh Jetty and on two rocky
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reefs, Pinnacle Beach Reef on Yorke Peninsula and the Inner Reef at Port

Noarlunga. At Eaithburgh Jetty the density of adult Podoclavelia

colonies on encrusting animals and naturally occurring bare space was

estimated with 97 quadrats, each measuring 0.044m2

(17.5x25cm). This
quadrat size was small enough to be occupied by one substratum type
(e.g. an ascician colony) yet large enough to yield an adequate number
of adult colonies. To simplify the analysis, colonies were not counted
unless an estimated 95% of the quadrat was covered by one type of
substratum. To facilitate the satisfaction of this criterion, the
quadrat was rotated around one of 1its corners until the dominant
substratum covered more than 9$5% of the quadrat. If this criterion was
not met after rotating the quadrat through a maximum of 459, then the
quadrat was placed elsewhere. Following placement the nurber of adult
colonies in the quadrat was counted and the type of substratum recorded.

Expected frequencies of colonies for a substratum were calculated
by multiplying the mean number of colonies within all quadrats by the
number of quadrats falling on that substratum. Observed and expectea
freauencies were then comparec for goocness of fit.

On the rocky reefs colony density and size were cetermined in
l.25m2 quadrats placea haphazardly on vertical and horizontal rock
faces, in the presence and absence of brown macro-algae.

The abundance of Pococlavella on the undersides of overhangs and

boulders was investigated at Port Noarlunga Reef also. Despite
overhangs being a common feature of this dissected reef it was necessary
to reduce quadrat size to 0.17m% to facilitate these measurements.

Podoclavella is restricted to harc substrata, but not exclusively

jetty pilings or rocky reefs. In South Australia Podoclavella also

attaches to the valves of the large bivalve, Pinna bicolor (Keough,

1984b). Pinna lives partially buried in sand from the intertidal zone
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to a depth of 30m (Butler & Brewster, 1979). The density of

Podoclavella on Pinna shells was estimated along 5, 30m transects

positioned approximately 50m north east of Edithburgh Jetty. A 30m line
was fixed to a stake and payed out five times along random compass
bearings. The number of Pinna shells, irrespective of whether the

mollusc was alive or deaa, and the density of Podoclavella they

supported were counted in a 1m strip each side of the line. Thereby

2

each transect surveyed 60m™ of seabed.

Temporal patterns

Sampling intervals are the window through which population
dynamics are viewed. Sampling intervals that are too long may miss
important events, while shorter intervals may give a false impression of
stasis in a population. Ideally a sampling programme should accord with
the life history of the animal under investigation. However, if the
generation time of the organism is long or the life history is poorly
understooc, this may prove very cdifficult. The ultimate constraint on
sampling intensity in most projects is economy of time and money; this
stuay was no exception. Monitoring was set at monthly intervals at Port
Noarlunga and six weekly intervals at Edithburgh Jetty.

Temporal changes 1in abundance were monitored for over two years
at two sites, Edithburgh Jetty and the Inner Reef at Port Noarlunga
(Fig. 2.1). These sites were selected for their accessibility.

Photographs were taken and counts made in permanently marked
quadrats measuring 0.l7m2 at each site. (Quadrat size was determined
by the area on a piling which could conveniently be photographed.
Quadrats were delineated by a nail criven into the top left hand

corner. FRamset concrete nails were used at the reef site and were fixed
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in place with a two part epoxy putty - Expocrete. Relocaticn of
Quadrats was facilitated by the attachment of a shcrt stranc of Nichrome
wire to the nails. At Edithburgh Jetty a galvanizeda clout was driven
through a small plastic or antifouling-coated steel plate to mark the
quadrats. A strand of Nichrome wire was also attached.

Quadrats were photographed with a Nikonos II1 camera ana
electronic flash. The camera was mounted in a specially constructed
frame to ensure that quacdrats were accurately framed and to maintain a
distance from subject to camera of 0.8m. Ektachrome 64 ASA or 100 ASA
film was exposed at a shutter speed of 1/60 second at 5.6 or f8
respectively.

In addition to photographic sampling, changes in the size
frequency distribution of colonies and survivorship were assessed at
Edithburgh Jetty. At each sampling date, approximately every six weeks,
the sizes of 200 colonies were measured. On each occasion the number of
zoolds was counted in Z0 haphazardly selected colonies, on 10 pilings
chasen randomly.

Estimates of survivorship were obtained at Edithburgh by
monitoring S0 permanently marked colonies in 1983 and 10 colonies in
1984, Colonies were marked by nailing a numbered 'Dymo' tag next to a
colony and attaching a short strand of Nichrome wire to aid in
relocation. In 1985 survivorship of 22 colonies was obtained from
photographs of permanent quadrats. The presence of colonies was
assessed at roughly six weekly intervals in 1983 and 1984, and on three
occasions during 1985.

Initially, sampling at Port Noarlunga was restricted to
photographing permanent quadrats. Some data proved difficult to obtain
from these photographs and quadrats were then visually assessed as well.

The availability of vacant space at each site was estimated from
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photographs of permanent quadrats. Slides were projected onto a grid of
464 evenly spaced dots. The number of dots on vacant space and on the

colonial ascidian Botrylloides leachii were counted and converted to

percentages of the total area. Vacant space was considered to be bare
areas of piling at Edithburgh but at Port Noarlunga the removal of
animals rarely produced bare rock; encrusting coralline algae usually
covered the rock surface. At this site bare rock or encrusting

coralline algae were considered vacant space.

iv) Reproductive status

Most colonial ascidian species are viviparous; eggs are retained
and develop within the oviduct or peribranchial cavity. Larvae are
subsequently released at an advanced stage of development (Berrill,

1975). To determine the number of larvae produced by Podoclavellz at

each site three parameters were examined; the frequency of sexual
reproduction, the number of zoocids brooding and the size of those broods.

To ocetermine how often Poooclavella reproduced, the reproductive

status of adult colonies was determined with destructive sampling at
Edithburgh Jetty. Ten colonies were marked with numbered 'dymo' tags
and Nichrome wire, as described earlier. At approximately 6 weekly
intervals samples of 5 zooids were removea from each colony, preserved
in formalin and examined in the laboratory. Some of these samples were
sectionec at 7 microns, stained (Ehrlich's Haematoxylin and Eosin) ana
examined under a microscope at 20x to affirm visual assessment of
reproductive status. The assessment of reproductive status at Port
Noarlunga was restricted to non-destructive field observations.

The number of zooids brooding and the size of their broods were
estimated by sampling at both sites in 1985 and 1986. The number of

zoolds possessing brood pouches was cdetermined by counting the total
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number of zooids in 10-14 colonies on each sampling date and recoraing
the presence or absence of a brocd pouch on each zooid. Brood pouches
were blue and were usually counted easily in the fiela without
destruction of colonies (Plate 2). The presence of larvae within the
pouch was not determined. The number of brood pouches in 36 colonies
was countec at both sites in 1985, Counts were mage on 1z colonies at
each site in 1986. Although the sample sizes between years are unequal,
they are proportional anc are therefore orthogonal (Huitema, 1980 p.198).

Measurements of brood size per pouch required destructive
sampling ana were only mace once at each site in each year. Zooids from
brooding colonies were removed to the laboratory. The heights of these
zooids were measured, they were dissected and the number of larvae per
pouch ccunted. Between 5 and 10 zooids were removed from each colony.

Differences in the number of brooa pouches per colony and brood
sizes between sites and years were examined with a two factor ANCCVA.
The factors, each with two levels, were site and year. Estimates of
prood number are likely tec be influenced by the size of the cclonies
while zooio height may influence the number of larvae per brood. Both
of these variables were included in the analyses as covariates. Several
assumptions are made by ANCOVA (Huitema, 1980). One of the most
important of these is that the regression slopes for the groups are not
significantly cifferent. Equality of the regression slopes was examined
with BMDP program 1V before proceeding with the two factor analyses.
The presence of heterogeneity among the variances was examined with
Cochran's test for homogeneity.

If the size of larvae dces not vary significantly between sites
then the number and size of broods equates to reproductive effort. In
1985 a sample of larvae collectec at each site were dissected from brood
pouches and their sizes (maximum trunk diameter) measured with a

graticule at Z0x.



Plate 2. A brood pouch (arrowed) within a zooid of Podoclavella

moluccensis at Edithburgh Jetty. Bulges within the
pouch are brooded larvae. The scale bar is 2.5mm in

length.
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2.3 RESULTS

Spatial patterns

i) Relationship between zooid number, colony biocmass and the
area of attachment

The number of zooids in a colony showed a significant
relationship with colony biomass (dry weight)(t=21.4 df=54 P <.001,
r2:.89, Fig 2.2) as did the area of substratum occupied by a colony
(t=12.5, df=51, P<.001, r2=.75, Fig 2.3). 1In both relationships the
best fit of the data to the model, as judged by r2 values, was
obtained with the raw data. Only 53 colonies, of the 56 collected were

used 1in the regression of zooid number on attachment area, as area

measurements were not obtained for 3 colonies.

ii) Vvariation in abundance between sites

Densities of Podoclavella spanned more than two orders of

magnitude within St Vincent's Gulf (Table 2.2). Densities on jetties

showed considerably more variation than those on rocky reefs, following

adjustment of densities to a quadrat size of 2.5m2. Podoclavella

attainec high densities on the jetties at Edithburgh (X=236 per 2.5m2,
n=20) and Stenhouse Bay (X=36 per 2.5m2, n=12), yet was completely
absent from Woocl Bay Jetty. On rocky reefs densities were not observed
to exceed 7 per 2.5m2. The rank of sites by density was not
correlated with the rank of exposure (N=-22 n=10 P >.05, N 1is the
numerator of Kendall's tau, tabulated values for this statistic are
given by Sokal & Rohlf, 1965 p.537).

The size of colonies also varied considerably between sites

within St Vvincent's Gulf (Table 2.3). On average, colonies were almost
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5 times larger at Port Giles Jetty than at either Stenhouse Bay Jetty or
Pinnacle Beach Reef. Usually colonies were, on average, between 40 and
90 zooids inm size, although one colony comprising 1000 zooids was
observed at Port Giles Jetty. Colony size showed a significant rank
correlation with wave exposure (N=44 n=9 P <.05, Wool Bay Jetty was

omitted as Podoclavella was absent).

iii) Variation in abundance within sites

At Edithburgh Jetty colonies of Podoclavella were not randomly

distributed on encrusting animals and bare space (G=104.5 df=7 P <.00l,
Fig. 2.4). Colonies were at higher densities than expected on the
sponge species Dendrocia sp. (SP30), Tedania sp B (SP51) and the

ascician, Botrylloides leachii. Colonies were in lower numbers than

expected on the sponges Dendrilla rosea Lendenfeld (SP1) and Mycale sp.

(SP20) anc vacant space. Podoclavella was not observed on the bryozoan

Celleporaria sp., the cnidarian Culicia tenella, or the sponge Ulosa sp.

(SP48) (Letters and numbers in parentheses are the codes of voucher
specimens lodged at the University of Adelaide).

On rocky reefs Podoclavella was almost completely restricted to

vertical surfaces devoid of fucoid and laminarian algae (Table 2.4).

Pococlavella was not recorded in quadrats from horizontal surfaces

(Table 2.4), but colonies were occasionally observed on these surfaces
when large algae were not present. Although these patterns have only
been quantified on two reefs, casual observations at other sites lend
support to them.

Podoclavella was absent on the underside of overhangs at the Port

Noarlunga Inner Reef. Quadrats were placed haphazardly on the
horizontal (or near horizontal) uncersides of overhangs close to the

sand (roughly -ém, n=10) and near to the top of the reef (approximately



-zm, n=10). Again, observations on other reefs lend support to these
finoings.

On Pinna shells the density of Podoclavella was low, on average,
with one colony on every 25 shells (mean per shell =.04 SE=.02 n=5,
2

6Dm2 transects). With densities of Pinna, on average, of 0.5 per m

(SE=0.1) at this site, Podoclavella approached a density of about one

colony per 50 square metres of seabed. It is noteworthy that this

figure probably overestimates the density of Podoclavella within Gulf St

Vincent as these estimates are close to a large source of larvae,

Edithburgh Jetty.

Temporal Patterns

i)Sexual versus asexual reproduction

Reproduction was predominantly sexual at both sites. Fission
occurred but was passive and did not appear to be a significant 1life
history attribute. Colony fusion was not observed, even among ramets of
a single genet.

Podoclavella is hermaphroditic and gonads became apparent within

the gut loop of colonies in early to mid August. Histology revealed
that by early September some colonies had functional gonads and were
producing sperm and ova simultaneously. In late September and early
October brood pouches developed at the base of the branchial basket.
Blue in colour these pouches were very conspicuous particularly when
distended with developing larvae. Larvae were released from late
October through early December at both sites. Larvae were 4mm in length
and possessed a blue pigment spot that rendered them highly conspicucus.
Colony fission occurred at both sites though at very different

frequencies. 1t was rare at Edithburgh Jetty, with only 4.5% of the



24.

colonies observed (n=66) undergoing fission in 1983 and 7.6% (n=7%) in
1984. At Port Noarlunga 35% of the colonies observed {(n=33) produced
daughter colonies. The number of daughter cclonies produced in one
fission event was also significantly larger at Port Noarlunga (Table
2.5).

Fission resulted from the fragmentation of colonies so daughter
colonies were never separated from the parent colony by more than a few
centimetres. In acddition daughter colonies were usually small, rarely
exceeding 10 zooids in size, and had a low probability of surviving for
more than 3-4 months (Fig 2.5). It is instructive to examine the

process by which colony fission occurs.

ii) The formation of daughter colonies

Fission was intimately linked with the degeneration of colonies.
Colonies at each site went through a phase of colony degeneration,
followed by rapid regeneration. In all but one case, at both sites,
fission was preceded by colony degeneration (n=22). It appears that
some stolons within the basal mat are damaged or 'atrophy' during the
degeneration process, resulting in the production of one or more
daughter colonies.

Degeneration was characterized by siphon closure anc the
shrinkage of a zooid within its test. Ultimately this shrinkage proauced
a small whitish 'bleb', measuring only 2-3mm in height, on the blue
stolonifercus basal mat. A flaccid piece of test remained after
shrinkage of the zooid. This was usually dislodgea by wave action, and
the 'white blob' regenerated into a functional zooid. The whole process
usually took less than one month to complete.

Sometimes zooid degeneration within a colony was synchronous,

with all zocids degenerating at once. On other occasions only a
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proportion of the colony would degenerate leaving some functional
zooids. The degeneration of these functional zoolds occurred a short
time later.

Colony degeneration occurred at different rates at the two sites,
hence the rate of daughter colony formation alsc differed. At
Edithburgh Jetty degeneration occurred during the winter months of May
and June and later, following the appearance of recruits in October and
November (Fig. 2.6). So, at this site, the majority of colonies
degenerated twice, although occasionally colonies degenerated twice
during the winter months and then once again during the late spring
(Fig. 2.7). Degeneration in November and December was rarely followed
by regeneraticn; it often resulted in colony fission and was almost
invariably followed by the death of colonies.

Degeneration was not periodic at Port Noarlunga, occurring year
round and with a higher frequency than seen at Edithburgh (Fig. 2.6).
Colonies at this site degenerated and subsequently regenerated between 3
and 9 times over two years of monitoring (Fig. 2.7). Records of
degenerate colonies are likely to be underestimates owing to the
frequency of monitoring. Daughter colonies were produced throughout the
year with a larger number of daughter colonies produced, on average, per
fission event than at Edithburgh (Table 2.5). Degeneration on this reef

selcom culminated in colony death.

iii) Population dynamics

Markea temporal changes in colony abundance and size frequency
were apparent at one site and not the other. The patterns observed at
each site will be described in turn.

Edithburgh: The Edithburgh population was maintainec at a higher

density than that at Port Noarlunga, but showed marked fluctuations
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with time (Fig. 2.8). Heavy recruitment accounts for the increase In
density observed in late spring (November and December) of 1984 and
1985." This pulse of recruits was also observed in the spring of 1983
but was not quantified.

Recruitment was followed by a steady decline in numbers through
the year, the last colonies dying in December, or January and February
of the following year (Fig. 2.9). The mortality of mature colonies ang
the influx of large numbers of recruits markedly reduced mean colony
size in late spring and early summer. Growth produced a shift towarda
larger colonies in the following months (Fig. 2.10a).

Port Noarlunga Reef: Very different patterns were apparent in
the Port Noarlunga population. Colony density was much lower and
remained far more stable than the Edithburgh population, in the two
years of monitoring (Fig. 2.8).

Much of the variation in colony density observed in this
population is non-significant and can be attributed to changes in the
number c¢f quacrats monitored rather than real changes in number. When
sampling was initiated only a low number of quadrats were monitored,
with consicerable variation apparent in the density estimates obtained
(Fig. 2.8). This was rectified in March 1984 with the marking and
photographing of 17 quadrats. By May 1985 it was apparent that results
from only a subsample of these quadrats could be reliably interpreted
from the photographs. The quadrats most difficult to interpret were
those containing the most colonies. So, beginning in July 1985, visual
censuses of all quadrats were made in addition to photographic
monitoring. This allowed the inclusion into the data set of quadrats
that previously had been difficult to monitor photographically, thereby
raising the estimated censities.

Pulses of recruitment occurred at Port Noarlunga in all years,
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but the resolution of my photographic monitoring rendered estimates
unreliable. Visual <censusing of all quadrats produced reliable
estimatés of recruitment in the spring of 1985. Although these pulses
were synchronized with those seen at Edithburgh, they were of much lower
magnitude. In addition, most recruits soon died.

The lower rates of recruitment at Port Noarlunga, and the
frequent production of small daughter colonies, produced a colony size
frequency distribution that was very different from that seen at
Edithburgh. Colony sizes were relatively small year round, rather than
during just the settlement season (Fig. 2.10b).

Some colonies at Port Noarlunga fragmented intoc daughter colonies
while others were not observed to undergo fission. As most daughter
colonies were small and ephemeral, and as genets could readily be
identifiea at this site, I considered genet rather than colony
mortality. Genets were long-lived at Port Noarlunga. In more than two
years only 6 of the 21 permanently marked colonies (28.5%) disappeared,
despite a severe storm that did considerable damage to Port Noarlunga
Jetty in March 1983 (Fig. 2.9). Although cause of death could not be
ascertained for most of the genets that disappeared, one genet was lost

following removal of a solitary ascidian (Herdmania momus), upon which

it had been growing. Casual observations at this site indicate that the

longevity of some Podoclavella genets is greater than four years.

iv) Comparison cf the number of larvae produced at each site

Colonies at both sites reproduced sexually during the spring,
November through to early ULecember. Significant differences were
observed in the number of brood pouches per colony and the number of
larvae in each brood pouch at the two sites. No significant differences

in the size of larvae were detected,
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Brood pouches per colony: The number of zoolds with brood
pouches in each colony was dividec by the total number of zooids,
yielding the proportion of each colony brooding. A plot of these
proportions revealed that on average more than half of each colony at
Edithburgh was brooding in 1585 and 1986 (Fig. 2.1l). In contrast the
mean proportion brooding at Port Noarlunga in 1985 was less than 0.1.
In 1986, however, this figure rose to almost 0.4, and considerable
variability was apparent in the proportion brooding. Indeed, one colony
at Port Noarlunga in 1986 had the highest proportion of brood pouches
observed; 0.96 of the zooids in that colony possessed brood pouches.

The proportion of each colony with brood pouches was analysed
with a two factor ANCOVA. Proportions were often smaller than 0.3 and
larger than 0.7, so they were arcsine transformed prior to analysis.
Zero proportions were replaced with the term 1/4n as recommended by
Snedecor & Cochran (1980, p.290). A test for the equality of regression
slopes revealed no significant differences between groups (F=0.29
df=3.88 P >.5). The ANCOVA revealed significant differences between
sites and years, and the covariate, colony size, was also highly
significant. The interaction of site and year was not significant
(Table 2.6). An examination of the marginal adjusted means (as there
are only two levels for each factor of the ANCOVA, a multiple comparison
test is not required, Huitema, 1980) revealed that a significantly
higher proportion of colonies were brooding at Edithburgh. In additicn,
a significantly higher propertion of colonies were brooding in 1986 than
in 1985.

Number of larvae in each pouch: The breocoding of larvae was
dependent upon zooid height. Zooids of less than 15mm in height were
rarely observed to brooc larvae (Fig. 2.12). The ANCOVA of number of

larvae in each brood pouch showed the same pattern as was observed in
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the number of brood pouches per colony. The assumption of eguality of
slopes was not violated (F=2.1 df=3,168 P > .05). After a log
transformation to homogenize the variances, the two factor ANCOVA
revealea differences between sites and years, while the interaction term
was non-significant. The covariate, zooid height, was also
significant. The marginal adjusted means indicated that colonies at
Edithburgh had larger broods and that broocds in 1986 were larger than
those in 1985.

Comparison of larval size: Measurements of the diameter of larvae in
brood pouches were not significantly different between sites in 1985
(t= 1.34 df=118, P >.05). On average, brooded larvae at Edithburgh
measured 0.90mm (SE=0.03), while at Port Noarlunga the average size was

0.86m (SE=0.01).

v) The availability of vacant space

Changes in the availability of vacant space at Edithburgh,
expressed as a percentage of the total area, showed consistent
differences over time which were inversely related to the cover of

Botrylloides leachii. The mean cover of vacant space was higher during

the summer months than in winter (Fig. Z.13). Variation around the mean

was also noticeably higher in summer. Botrylloices 1is an annual

ascidian which exhibits indeterminate growth. This species covers large
areas of pilings in winter and early spring, then reproduces and dies.
On dying it sloughs from pilings and often removes organisms which were
overgrown during the winter, thereby freeing patches of vacant space.
Hence increases in the availability of vacant space during the summer

months largely result from the life history of Botrylloides.

At the Inner Reef at Port Noarlunga the availability of vacant

space was very low and changes during the year were small. Botrylloides
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was not as common at this site, colonies did not assume the same
dimensions and nor was much space freed when they sloughed off in the
late spring and early summer months.

These data were plotted but not analysed because the high
variance observed between samples was likely to violate the assumption
of homogeneity of variances, even after transformation of the data.
Moreover, a small increase in the availability of vacant space may be

biologically significant to the Podoclavella population but not

statistically significant.



Figure 2.1 South Australian Gulf waters with study sites labelled.
Upper circular inset depicts Port Noarlunga Jetty and

reef while the lower circular inset shows Edithburgh

Jetty.
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Figure 2.2 Relationship between zooid number and colony size (dry
weight - g). Dotted lines are 95% confidence intervals

around the regression line.

Zooid number = 24.15 + (69.5 x colony dry weight)
r? = 0.89

ti= 21.4

P <.001

df = 54
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Figure 2.3 Relationship between zooid number and the area of colony
attachment (mmz). Dotted lines are 95% confidence

intervals around the regression line.

Zooid number = 1.25 + (0.11 x area of attachment)
2

™ = 0.75
t =12.5
P <.001

gf = 51
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Figure 2.4 Observed and expected frequencies of adult Podoclavella

colonies on encrusting substrata and vacant space at
Edithburgh Jetty. Counts were made with 97 quadrats

each measuring 17.5x25cm.
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Figure 2.5 Size frequency of daughter colonies, when first formed,
at Port Noarlunga. Unshaded bars represent daughter
colonies that disappeared within four months. Shaded
bars represent daughter colonies that survived for at

least this time (n = 33).
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Figure 2.6 Percentage of population that were degenerate at each

site over time. The number of colonies on which each

estimate was based are given on the graph.
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Figure 2.7 Frequency distribution of the number of times colonies
were observed to degenerate at each site. Frequency is
represented as the percentage of the population
undergoing degeneration. Frequencies are based on 76
observations at Edithburgh Jetty and 23 at Port
Noarlunga. Colonies not followed for at least

four months have been omitted.
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Figure 2.8

Changes in density of Podoclavella with time at
Edithburgh Jetty and the Inner Reef at Port Noarlunga.
Means are number of colonies per O.l?mz, irrespective
of whether they represent ramets or genets. Error bars
are 95% confidence intervals. At each site the density
of each new cohort is represented on a separate line.
Note that recruitment was not guantified, although it
did occur, at Edithburgh in November 1983, and Port
Noarlunga in November, 1984. Also note the different

scale on the Y axis.
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Figure 2.9 Cumulative percentage mortality of colonies at each
site. Only mortality of 'marked' colonies is

considered, hence mortality of recruits has been omitted.
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Figure 2.10a Size frequency distribution of colonies (zooid number)

- at Edithburgh Jetty. Arrows represent mean size.
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Figure 2.10b Size frequency distribution of colonies (zooid number)
at the Inner Reef, Port Noarlunga. Arrows represent
mean size. Two dates separated by a slash indicates

that samples from these dates have been pooled.
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figure 2.11 The mean proportion of a colony possessing brood pouches
at the two sites. Means were calculated from counting
all zooids within 10 - 14 colonies on each date. Error

bars are 95% confidence intervals.
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Figure 2.12 The frequency of brooding and non-brooding zooids versus
zooid height (mm) at each site. Bars represent the mean
percentage of each sample and were calculated from two

years, 1985 and 1986. Lines are standard errors around

the mean.

A. Edithburgh

B. Port Noarlunga
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Figure 2.13 Availability of vacant space, expressed as a percentage
of the total area, and the percent cover of the colonial

ascidian Botrylloides leachii at the two sites. Vacant

space at Edithburgh is considered to be bare areas of
piling. At Port Noarlunga this category includes bare
rock and encrusting coralline algae. Means were
calculated from 12 samples at each site on each date and

error bars are standard errors around the mean.
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B. Port Noarlunga
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Table 2.1 Sites within St Vincent's Gulf in which colony number
and size were determined. The nature and age of each
substratum is listed, where appropriate, and each site
is ranked by a subjective assessment of exposure ( na =
not applicable).

Site Substratum Year of Most recent Rank of

erection extension exposure
Edithburgh Jetty wood 1873 1921 1
Wool Bay Jetty Wood 1882 1912 2
Port Giles Jetty Steel 1969 - 3
Port Noarlunga Jetty Wood 1921 - 4
Rapic Bay Jetty Steel 1941 - 8
Stenhouse Bay Jetty Wood 1916 1932 9

Port Noarlunga Reef

Inner Aeolionite* na - 5
Quter Aeolionite na - 6
The Gap Aeolionite na - 7
Pinnacle Beach Reef Granite gneiss na - 10

* Dune limestone
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Table 2.2 Densities of Podoclavella within St Vincent's Gulf
and Investigator Strait.
Site Date Quadrat Density Density
size per
m  mean SE range n 2.5m2
Jetties
Port Noarlunga 13/8/1983 2.50 4.9 1.5 0-25 20 5
Port Giles 16/8/1983 2.50 4,6 1.1 0-17 20 5
Rapic Bay 4/86/1983 2.50 10.0 1.4 1-29 20 10
Stenhouse Bay 15/8/1983 2.50 35.6 9.5 (0-102 12 36
Eoithburgh 20/7/1983 0.17 17.0 z.2 0-33 20 236
Wool Bay 29/1/1984 2.50 0 - - 20 0]
Reefs
Port Noarlunga
Outer 16/9/1983 1.25 0.5 0.2 0- 2z 20 il
Inner 16/9/1983 1.25 3.3 1.1 0-19 20 7
The Gap 27/9/1983 1.25 1.8 1.2 0-1z 10 4
Pinnacle Beach  25/5/1985 1.25 3.85 1.4 0-28 20 7
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Table 2.3 Colony sizes within St Vincent's Gulf and Investigator
Strait. Dates of sampling as for Table Z.2.

Site Zooio number
mean SE  median n

Jetties
Stenhouse Bay 18.4 1.4 g 499
Rapid Bay 28.5 3.1 20 200
Port MNoarlunga 57.0 6.2 40 88
Edithburgh 68.8 3.8 78 200"
Port Giles 90.8 12.0 70 92
Reefs

Port Noarlunga

Inner 49.6 5.9 37.5 56
Outer 51.0 16.4 34 10
The Gap 78.0 15.7 €5 18
Pinnacle Beach 20.0 2.5 14 77

*  Sizes obtained from a random sample of 200 colonies and not
from permanent quadrats.
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Table 2.4 Density of Podoclavella on vertical and horizontal faces
in the presence and absence of large brown algae at two
sites - Pinnacle Beach and Port Noarlunga Reefs.

Quadrat size = 1.25m<.
Site Vertical Face Horizontal face
+ Algae - Algae + RAlgae - Algae

X (SE) n ¥ (SE) n X (SE) n X {(SE) n

Port Noarlunga
Reef

Pinnacle Beach
Reef

0.6(0.3) 20 3.8(1.3) 20 0(-)20 0(-)20

O(-)2z0 3.8(1.4) 20 C(-)z20 0(-)20
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Table 2.5 Percentage of colonies undergoing fission and the mean
number of caughter colonies produced per fission event
at Port Noarlunga reef and Egithburgh Jetty.
Site Year % of cclonies number of daughter
undergoing fission colonies produced
% n mean g5%CI n
Edithburgh Jetty 1983 4.5 €6
2.3 0.4 g
1984 7.6 79
Port Noarlunga Reef 1984 39.0 33 4.7 1.5 13

+1985
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Table 2.6 Analysis of the number of brood pouches per colony at
Edithburgh Jetty and Port Noarlunga Reef in 1985 and
1986. Data were analysed with a two factor ANCOVA. The
factors were site (fixed) and year (fixed), each with
two levels. The means determined from the number of
zooids with brood pouches divided by total colony
size. Zero proportions were converted to 1/4n as
recommended by Snedecor & Cochran (1980) and the data
were arcsine transformed prior to analysis. Cochran's C
on transformed data = .38 k=4 df=35 ns. The adjusted
means and marginal adjusted means are from the raw data.

ANCOVA TABLE
Source SS df MS F P Keg.
Coeff.

Site 1.14 1 1.14 27 .3 <.001

Year .95 1 0.95 22.6 <.001

SxY 0.12 1 0.12 3.07 >.05

Colony Size 0.52 1 0.52 12.4 <.001 .0009

Error .83 91 C.04

ADJUSTED MEANS (RAW)
Site Year Adjusted marginal
1985 1986 means

Edithburgh Jetty 0.44 0.55 0.50

Port Noarlunga reef 0.09 0.38 0.23

Adjusted Marginal 0.25 0.47

means
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Table 2.7 The number of larvae per brood pouch in colonies from
bEdithburgh Jetty and Port Noarlunga Reef in 1985 and
1986. Data were analysed with a two factor ANCOVA.
Factors were site (fixed) and year (fixed), both with
two levels. Prior to analysis data were log
transformed. Cochran's C on transformed data = .29 k=4
df=43 ns. The adjusted means and marginal adjusted
means are from the raw data.

ANCOVA TABLE

Source SS df MS F P Reg.
Coeff.

Site 1.23 1 1.23 13.4 <.001

Year 1.81 1 1.81 19.6 <.001

SxY 0.24 1 0.24 2.7 >.1

Zooid Height 6.08 1 6.08 66.1 <.001 .036

Error 15.8 171 0.09

ADJUSTED MEANS (RAW)

Site Year Adjusted marginal
1985 1986 means

Edithburgh Jetty 10.2 20.6 15.4

Port Noarlunga reef 8.1 1G.4 9.2

Adjusted Marginal g.1 10.4

means
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2.4 DISCUSSION

The density of colonies of Podoclavella showed considerable

variation within St. Vincent's Gulf. Mean densities spanned more than
two orders of magnitude. This cegree of variation in density does not
appear unusually high. Regional studies of ascidian populations in both
temperate (Svane, 1983, 1984) and tropical waters (Bak et al., 1981)
reveal variation in density of similar magnitude.

Usually density estimates are given as number per unit area. In

their study of Trididemnum solidum in Curagao, Bak et al. (1981) omitted

to do this, thereby rendering their censity estimates unreliable. They

guantified the number of colonies along transects of variable length.
Density per unit area could have been calculated from those data, but
only density per transect was reported, so differences between transects
may be attributable to transect length.

Many factors may act, independently or in concert with others, to
alter the density of marine organisms. Field manipulations are time
consuming and rarely can the effect of more than a small number of
factors be assessed. Under these circumstances a sensible initial
approach is to look for obvious correlations with density. For modular
organisms density may be increased by settlement and fission, or
decreased by the action of predators, competitors, physical factors and
fusion. Amongst these, the only factor for which it is possible to make
a confident subjective assessment is wave exposure, given information on
the wave fetch and prevailing wind conditions.

The influences of water movement on benthic marine organisms are
manifold; they depend on the adaptations organisms possess to withstand
water movement and on the degree of water movement (reviewed by Hiscock,

1983). No consistent relationship between wave exposure and the density
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of Podoclavella was observed. Densities were high at Edithburgh Jetty,

the most protected of all the sites, but they were not correspondingly
low at sites subject to oceanic swell (Stenhouse Bay Jetty, Pinnacle
Beach Reef and Rapid Bay Jetty).

The complete absence of Podoclavella from Wool Bay Jetty is

noteworthy. There are two possible explanations for this absence;

first, Podoclavella has not reached this jetty or second, larvae arrive

but conditions are unfavourable for subsequent establishment. If the
absence of colonies results from no larvae arriving at this site, then
dispersal must be limited. Edithburgh and Port Giles Jetties, only a
few kilometres to the south, both have large populations of adult
colonies. These two jetties are, in terms of the general circulation
pattern of the gulf, upstream of Wool Bay Jetty and therefore potential

sources of larvae (Byte, 1976). Dispersal of Podoclavella will be

discussed in the next chapter.
On the other hand, Wool Bay Jetty may not be conducive to the

establishment of Podoclavella larvae. This site was the shallowest of

any monitored: less than 2m deep at MLLW. At this depth even restricted
wave motion may be detrimental to settled larvae , perhaps even adult
colonies. I am not suggesting that water depth was the only factor

interfering with the establishment of Podoclavella at this site.

Without further work, however, it is not possible to distinguish between
larvae not arriving, poor establishment, or both.

Colony size varied within St Vincent's Gulf. Unlike colony
density, a strong correlation was observed between colony size and the
ranking of wave exposure given to each site. The smallest colonies were
found at Stenhouse Bay Jetty, Pinnacle Beach Reef and Rapid Bay Jetty.
These three sites are the most exposed: all are subject to oceanic

swells. Wave exposure may limit colony size in complex ways. Tissue
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may be removed directly by moving water, or indirectly by wave borne
material. Alternatively, strong wave motion may impede growth by
impairing feeding, or increasing competition with wave adapted species
(Hiscock, 1983). The influence of wave motion on the size of

Podoclavella colonies was not examined further.

It should be mentioned that an evaluation of colony density and
size was hampered at Stenhouse Bay Jetty. At this site many pilings

were heavily encrusted with a colonial ascidian, Amphicarpa dyptica

(previously Stolonica dyptica). This ascidian formed an 'understorey'

through which the stolonal mat of Podoclavella was not visible. Hence

it was not possible to determine if a group of Podoclavella zooids were

physiologically connected or separate. However, mis-identification of
colony size, and therefore density, cannot account for the large number
of diminutive colonies observed at Pinnacle Beach Reef and Rapid Bay
Jetty.

The distribution and abundance of Podoclavella among encrusting

substrata and naturally occurring bare space showed considerable
variability. Colony densities were upto 3 times higher than expected on
some substrata, yet on other substrata they were upto 4 times lower than

expected. Podoclavella was absent from some substrata. These patterns

may reflect several processes; larval settlement or survival may be poor
on some substrata and high on others. It should be borne in mind also
that the fauna at Edithburgh Jetty is dynamic (Kay & Keough, 1981; Kay &
Butler, 1983), hence patterns observed several months after settlement
may bear little resemblance to those immediately after settlement. I
will consider patterns of distribution and abundance on encrusting
substrata and naturally occurring bare space further in Chapter 4.

The distribution and abundance of Podoclavella within the reef
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sites showed clear, consistent patterns. This species 1is seldom
encountered on upward facing surfaces, and is restricted to vertical
rock walls, usually in the absence of large brown algae. Upward facing
surfaces often support a lower diversity and density of sessile marine
invertebrates (Buss, 1979, pers. obs.). This pattern of distribution
has been attributed to the photo-negative responses of larvae at
settlement (Thorson, 1964) and differential survival associated with
microhabitats. The presence of grazing herbivores, macro-algae and high
rates of sedimentation may all decrease the survival of new recruits
(Young & Chia, 1984; Devinny and Volse, 1978), and some microhabitats
are devoid of certain of these agents of mortality. The relative
contribution of settlement and post-settlement mortality to the

microhabitat distribution of Podoclavella will be examined in Chapter 4.

Early in this <chapter I simplistically cefinec groups of
physiologically connected zooids as individual colonies, irrespective of
whether they represented ramets or genets. Having examined temporal
changes at two sites it is now possible to examine the implications of
this definition to this study. At Edithburgh individual colonies equate
to genets. At Port Noarlunga, however, colonies may be either ramets or
genets. Ramets usually can be easily distinguished by their small size
and close proximity. In most instances I have considered the dynamics
of colonies, but in comparisons with the populaticn at Edithburgh I have
also examined the dynamics of genets.

The population dynamics of colonies at Edithburgh Jetty anc the
inner reef at Port Noarlunga were markedly different. The Edithburgh
population was characterizec by large fluctuations in colony censity ana
size, whereas the Port Noarlunga population was comparatively stable.
These differences can be attributed to different life histories at the

two sites, although some of the stability apparent at Port Noarlunga may
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result from an inability to distinguish small (1-5 zooid) ramets on the
photographs.

The Edithburgh population was predominantly annual. Between 1-5%
of colonies did survive into the second year, although none survived to
reproduce a second time. This Jjetty population was semelparous and
dependent upon large pulses of recruits to maintain population density.

In contrast, the Port Noarlunga inner reef population was
perennial and relatively stable over time. Levels of genet mortality
were low with a high percentage of the genets monitored still present
after two years and longevity exceeding four years. This population was
iteroparous, producing one brood per year. Levels of recruitment were
an order of magnitude lower than those observed at Edithburgh Jetty and
few recruits were observed to establish.

Fluctuations in the population densities of most benthic marine
animals are determined by settlement, emigration, immigration anc
mortality. In sessile organisms, such as ascidians, emigration and
immigration may be excludea except, perhaps, in those species which show
considerable colony mobility (Ryland et al., 1984) and in those species
that are commonly founa on the backs of dromiid crabs (MclLay, 1983).

For animals constructed of modules, such as Podoclavella, an additional

two processes are likely to influence population censity; fission and
fusion. These events may exert more influence on population density
than the establishment of sexually produced larvae or mortality. For

example, Bak et al. (1981) monitored a population of Trididemnum solidum

in Curagaoc that maintained a colony number of 38-50 during their 9 month
study. Freguent examination of these colonies revealed that this
population was far more dynamic than colony counts indicated; 85 novel
colonies were prooguced (presumably through fission), 43 colonies

disappearea through fusion and a further 33 colonies disappeared or were
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lost.

Fission and fusion were not significant life history attributes

in Podoclavellsa. Fusion was not observed and fission occurred

frequently only at one site, Port Noarlunga. Not only was fission
relatively infrequent at Edithburgh, it was also inconseqguential,
usually occurring Jjust prior to the cdeath of colonies. At Port
Noarlunga the products of fission were invariably small and
short-lived. Very few survived to reproduce and the fecunuity of these
small colonies was low, as indicated by the significant covariate in the
analysis of brood number (Table 2.6). High rates of mortality anc low
fecundity associated with the small size of daughter colonies has been
observed in z range of invertebrate taxa (Highsmith, 1982; Hughes &
Jackson, 1985; Karlson, pers. comm.). However, these 'drawbacks' may be
compensated for by faster growth rates of these small fragments (Hughes
& Jackson, 1985; Connell, pers. comm.; Karlson, pers. comm.) or enhanced
feeding ability (McFadden, 1986). High rates of mortality were observed

in small fragments of Podoclavella colonies; whether this was

compensated for by faster rates of growth could not be adeguately
assessed because of a very small sample size.

The procduction of daughter colonies by fission may also spread
the risk of genet mortality. Fragmentation reduces the chance of an
entire genet being killea by a localized event. Hughes & Jackson (1985)
documented highly localized mortality on a coral reef in which some
coral genets had spread over five metres through fission. Genets of
ramose corals may spread over even larger distances owing to their habit
of dispersing by fragmentation and subsequent regrowth (Tunnicliffe,

1981l; Highsmith, 1982). In Podoclavella colony fission spreads ramets

over very small distances, seldom more than a few centimeters. So any

event acting to remove a ramet and leave others intact would have to be
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extremely localized. But the spreading of risk need not be restricted
to spatial scales, risks may also be spreac¢ through time (cen Boer,
1968). For example, differences in the rate of maturation or the timing
of birth may alter the probabiity of survival in & heterogeneous,
fluctuating environment. The significance of colony fragmentation in

Podoclavella to the spreading of risk in time was not assessed.

Colony fission in Podoclavella was almost always preceded by

colony degeneration. Huxley (1926) documented shortening of the basal
stolon by around one third, following stolon damage, in the clavelinid

Clavelina lepadiformis. Perhaps shortening of the stolon ouring

degeneration accounts for the colony fragmentation that 1s often

cbserved in Podoclavella during this period.

Differences in the frequency ana timing of colony degeneration at
each site explainea the differing rates of colony fission observed.
Colony degeneration was frequent at Port Noarlunga, hence daughter
colonies were producec year round. At Edithburgh, degeneration was
restricted to the winter months and just after breeding in spring.
Inexplicably daughter colonies did not form in winter at this site: they
were only regularly observed just prior to colony death in early summer.

Colony regression followed by regeneration has been observed in
other temperate (Stocker, 1984) and tropical (Bak et al., 1981)

species. Aside from Podoclavella, Trididemnum solidum appears to be the

only other species documentec as undergoing multiple phases of
degeneration (Bak et al., 1981). Yet Bak et al. did not speculate why
this degeneration might occur. I postulate that degeneration may
represent a cessation of feeding activity when it is no longer econcmic
to feed in the unproductive winter months. Alternatively it may provide
a means either to discard test material that has become so badly fouled

as to inhibit feeding, or to facilitate the excretion of accumulated
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toxic by-products, analogous to leaf fall in deciduous trees, or both.

The degeneraticn and subsequent regeneration of colonies entails
an energetic cost. Not only does regeneration require energy to be
channeled into somatic growth, and therefore away from reproduction, it
must also deplete the energy reserves of the colony as colonies cannot
feed in their regressed state. Presumably there is a sound
physiological reason for undergoing cegeneration. For example, it may
require less energy to break down and rebuild a zooid than to continue
feeding with a fouled one.

Different 1ife histories were apparent between populations at
Edithburgh Jetty and Port Noarlunga. Semelparous and iteroparous life
histories arise as a result of differences in age specific mortality
(Charnov & Schaffer, 1973). If acult survival is high relative to the
survival of offspring then selection will favour an iteroparous life
history. Conversely, should the offspring stand a better chance of
survival than their parents then semelparity should be favoured. As
expected the semelparous population at Edithburgh has more broods ana
they are, on average, larger than those produced by the iteroparous Port
Noarlunga populaticn. These differences between semelparity and
iteroparity raise two questions. First, is it differences in adult or
juvenile survival which determine the 1life history tactics (sensu

Stearns, 1976) adopted by Podoclavella and, second, are these 1life

histories under genetic control or are they environmentally induced?

The first question is difficult to answer confidently but clear
physical and biotic differences are apparent between Edithburgh Jetty
and Port Noarlunga. Edithburgh Jetty is the more sheltered of the two,
but biologically is highly dynamic. In their assessment of stability at
Edithburgh Jetty, Kay and Butler (1982) found around 50% of the space

changed hands at least cnce in the two or so years of monitoring. 3o,
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competition for space was intense at this site and the probability of
overgrowth by neighbouring species was high. Even the most casual of
glances through the photographs of permanent quadrats at Port Noarlunga
Reef would reveal this community to be far less dynamic. Indeed,
changes in the availability of vacant space and the annual colonial

ascidian Botrylloides leachil demonstrate the differences in patch

dynamics at these two sites (Fig. 2.13). The stasis observed at Port
Noarlunga can be attributed to the large number of long-lived solitary
animals, incapable of asexual reproducticn, at this site.

An attempt was mace to answer the second guestion, that is, to
determine whether these 1ife history differences were genetic or
environmentally induced. Electrophoretic studies, although providing
evidence of genetic differentiation among populations, cannot determine
whether genetic ocifferences are the basis for life history differences.
Hence, an answer to this question requires a reciprocal transplant. In
March 1985 a pilot transplant proved successtful and so a reciprocal
transplant was done later that year. Control colonies were moved an
equivalent distance to those transported between sites and were replaced
at their original site. Adult colonies were successfully transferred
but within three months storms at both sites had reduced replication to
a level which did not allow the experiment to be interpreted.

Hence the basis for these life history differences remains open
to conjecture. Here 1 propose a possible environmental mechanism for
the observea 1life history differences. I speculate that the
availability of sperm, and in turn the number of ova fertilized,
determines whether a colony is semelparous or iteroparous. If sperm are
'readily available', as at high population densities, then all ova
procuced by a colony will be fertilized and with insufficient energy

remaining for scmatic growth the colony will fail to regenerate after
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reproduction and die. If, however, the supply of sperm is 'limiting'
any unfertilized eggs will be resorbed, as has been observed in

Botryllus schlosseri (Goodbody, 1961), and energy redirected into

somatic growth in the following year. As a result populations at low

density will be perennial and iteroparous.
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CHAPTER THREE

Dispersal and Larval Mortality

3.1 INTRODUCTION

Many marine invertebrates are sessile and rely upon the dispersal
of propagules, usually larvae, to reach and colonize new habitat
patches. The distances over which larvae may disperse span many orders
of magnitude, from millimetres to thousands of kilometres. The distance
moved by larvae 1is largely a function of the mode of larval
development. Species which lack a pelagic larval stage move very small
distances; for example the crawling planula larvae of cnidarians rarely
venture more than a few centimeters from the parent (Gerrodette, 1981;
Sebens, 1983a). Among species that possess a pelagic larval stage two
modes of development may be distinguished: i) lecithotrophic or
non-feeging larvae are nutritionally independent of their surroundings
and disperse short to medium distances as they spend only a few minutes
to hours in the plankton, and ii) planktotrophic larvae use the fooa
resources available in the plankton and may drift for hours to months
before settling (Thorson, 1950).

The longer a larva remains in the water column, the greater are
the risks to which it is exposed. It has been estimated that mortality
in the water column may be as high as 99%, reflecting the vulnerability
of larvae to starvation, predators, and dispersal to inappropriate
habitats (Thorson, 1950; Sastry, 1985).

The distance that a species disperses partly determines the rate
at which populations recover from local disturbance and therefore the
persistence and stability of these populations (Connell, 1985b; Sebens,

1985). Hence, the hazards of a long planktonic existence on one hand
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are balanced on the other by advantages of growth and dispersal. A long
planktonic perioa may enhance dispersal but it may not reflect selection
for enhanced dispersal (Strathmann, 1980).

A direct investigation of dispersal entails determining the
distance moved during a time interval and usually requires some form of
marking of the propagules. Seed and pollen dispersal in terrestrial
plants has been successfully quantified by marking propagules with
fluorescent dyes and even metal tags (Waser & Price, 1982; Sork, 1984).
In marine environments tagging has so far been impossible and so the
oistances over which larvae disperse have only been inferred.
Biochemical genetic studies or the range extensions of introduced
organisms provice an inacication of the distance moved by larvae
(reviewed in Burton, 1983; Crisp, 1958; Quayle, 1964).

In this chapter I examine the larval dispersal and mortality of

Podoclavella, which can be observed directly. The large size (4nm in

length) and conspicuous pigmentation of Podoclavella larvae facilitated

the continuous observation of larvae after their release from the adult
colony and while settling. Two guestions were examined;

i) What was the relationship between currents and the distance and
direction of dispersal? and

ii) what proportion of larvae were killed by predators?
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3.2 MATERIALS AND METHODS

The distances moved by Podoclavella larvae at' Edithburgh Jetty

were determined by continuous observations of individual larvae after
their release from the adult colony. To ensure a ready supply of
larvae, larval traps were fixed over five adult colonies. These traps
were constructed of black shade cloth (15 threads per cm) and five 70ml
clear plastic jars, supported on a steel frame (Fig. 3.1). The jars
were removable and their bottoms were replaced with bronze mesh (0.25mm)
to maintain water flow over the parent colony.

Larvae invariably swam into the uppermost Jjars after release.
When a larva appeared, the jar was removed from the trap and the larva
released into the water column. The larva was then followed, usually
from a distance of 0.4-0.6m, until it was lost, consumed or observed to
settle, taking care not to disrupt its swimming or the water flow
impinging wupon it. Settlement was easily distinguished as it was
characterized by vigorous beating of the tail after the larva had
attached. This beating was maintained for 3-5 minutes during which time
it slowly decreased.

A number of variables were recorded whilst larvae were being
followed, including;
i) the total swimming time in seconds,
ii)  the total distance moved in metres,
iii) the net direction of movement in degrees, relative to the current
direction (for example, a direction of 0° represents movement aligned
with the current while moving perpendicular to the current equates to an
angle of 90°),
iv)  the number of times the substratum was encountered (touched), and

v) the taxa of the substrata encountered, identified to species if
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possible.

In adcition, current speed was measured with a flow meter
(General Oceanics Inc., model 2030) suspended l1.5m above the seabed,
directly upstream of the point of release. Flow rate was determined
from readings taken at 10-15 minute intervals.

Larval traps were checked as regularly as possible, but larvae
spent variable amounts of time in traps. Some larvae were released as
soon as they appeared, while others may have been swimming within traps
for ten minutes or more before their release. The effect of this
variation in the timing of release on the swimming anc settling
behaviour of larvae was examined in two groups of swimming larvae; 'Jjust
released' ang 'previously attached'. These two groups span the range of
time since release. The 'just released' group was obtained by gently
shaking colonies to induce release of larvae. Often larvae acquired in
this manner were not swimming properly. This did not result from
damage, but from larvae being released early with incomplete unfurling
of the larval tail. These larvae were retained in containers until they
had assumed a normal swimming pattern, ano then released. The second
group of larvae, 'previously attached', were obtained by allowing larvae
to attach to the plastic containers in the larval trap. Larvae usually
attached to the plastic jars within 20-30 minutes of their appearance in
the trap. A gentle shake dislodged these larvae and they could then be
followed. For each group the distance dispersed, swimming time, and
number of times the substratum was touched were reccrded. Ubservations
were made in 1984 and 1985, and the groups were compared with a two

factor ANOVA, with the factors larval group and year.
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3.3 RESULITS

A total of Z70 larvae were followed in 1984 and 1985 and, of
these, 100 were successfully tracked to settlement. Many of the
remaining 170 larvae were lost, a small number were abandoned as they
were not swimming normally, and several were consumed by predators
(Table 3.1).

Larval mortality: The stony coral, Culicia tenella Dana, was the

main predator, consuming a total of 12 larvae. This cnidarian ate 3% of
the total larvae tracked in 1984 and 18% of all larvae followed in
1985. In addition, two larvae were ingested by juvenile clinidg fishes,
but were guickly rejected and went on to settle, apparently unharmec.

The hydroid, Ophiodissa australis (Bale), was capable of catching

Podoclavella larvae but did not appear to harm them. This hydroid was
particularly common and caught large numbers of larvae but these larvae
rarely remained captive for more than a minute. Larvae struggled
violently, broke free and resumed swimming, apparently unharmed. On one
occasion, however, a larva remained captive to an individual hydroid for

2 hours and 11 minutes. This larva eventually metamorphosed on the stem
of the hydroid after failing to break free.

Larval dispersal: Larvae were competent to settle as soon as
they were released from the parent colony. Consequently larvae did not
disperse far; almost 80% of them settled within 2.5 metres of the adult
colony. Larvae were observed to settle between 5 centimetres and 13.4
metres from their point of release. The average distance moved was 2.2m
(SE = 0.3 n = 100), after swimming for 112 seconds (SE = 10 n = 98). A
plot of the frequency with which larvae dispersed a given distance
revealed a positively skewed distribution (Fig. 3.Z). After smocthing

(Tukey, 1977) these data conformed to a negative binomial distribution
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{mean = 3.5, variance = 35.5, K-parameter = 0.51, Chi square test for
goocgness of fit to the negative binomial}? = 21, df = 24, ns, Fig. 3.3)

On their release larvae always swam vigorously into the current,
but net movement was nearly always downstream. Larvae were rarely
capable of maintaining their position relative to the seabed, so there
was a strong positive relationship between swimming time and distance
moved (Fig. 3.4). Larvae were only observed to swim upstream when they
were close to the bottom or in the lee of an object, such as a jetty
piling.

Current speed significantly influenced the distance that larvae
dispersed. Larvae moved further as current speed increased (P < .001,

r? - .14, Fig. 3.5). Current speed did not, however, influence the

variation in the direction of movement (P >.05, = .04, Fig. 3.6).
The flow meter was not calibrated for current speeds of less that 5cm

per secona. Consequently, all data obtained at flow rates lower than
5cm per second were arbitrarily placed at each of three rates of flow:
0, 2.5 ana 4.5cm per secona. Analysis of current speed with the
distance and direction of dispersal was done three times, once for each
of these arbitrary low rates of flow. The results of these analyses
were the same for all three flow rates, so only the results obtained
with the 2.5cm per second data set are reported here.

My ability to follow larvae after their release did not change
over time. The time that larvae had been followed since their release
was split into é0 second time intervals and the percentage of larvae
lost of the total number entering each time interval was calculated.
The pe'rcentage lost during each time interval was plotted and revealed a
slope that was not significantly different from zero (t=0.4, P> .05,

df=8, Fig. 3.7). Hence, the percentage of larvae lost did not change
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with time. The last time interval was omitted from the calculation of
the slope as with only one larva present this interval had no cdegrees of
freedom.

The length of time that larvae were held in the larval traps did
not influence swimming or settling behaviour. Larvae which had already
been attached swam longer, moved further and contacted the substratum
more often, on average, than those that had just been released. None of
these differences were significant between groups or years, however
(Table 3.2, 3.3, 3.4). Where appropriate (Winer, 1971) the data were
pooled across years and re-analysed but, again, no differences were
found (Table 3.2, 3.3). The data for the number of times that the
substrata was touched (Table 3.4) were not pooled across years as the
probability of a type II error was unacceptably high (Winer, 1971).

Swimming and settlement behaviour: The vertical position of
larvae in the water column was variable. On their release from traps
larvae often maintained their height above the seabed and several
immediately swam toward the seabed, despite larvae only swimming into
the upward facing jars in the larval traps. One consistent pattern did
emerge however. Larvae tended to be located closer to the seabed as
distance from the larval source increased. Only once was a larva
observed more than 2m above the seabed, after having moved more than 10m
from the point of release.

A low percentage of the larvae observed ceased swimming
occasionally and drifted for a few seconds. This behavioural change was
only observed in larvae that had been swimming for more than
approximately 6-8 minutes. Swimming activity was then resumed. All
other larvae swam continuously.

Podoclavella larvae were capable of settling epizooically on a

number of benthic invertebrates. Larvae attached to the substratum and
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either settled (accepted it) or dislodged themselves with a flick of the
tail (rejected it). Almost 58% of larvae settled upon their first
encounter with the substratum. Rejection of the substratum by a larva
on more than 10 encounters was rare, but one larva rejected substrata 19
times before finally settling (Fig. 3.8). A plot of the number of
encounters against time spent swimming revealed a significant positive
relationship (Fig. 3.9).

A change in larval behaviour was often observed if a larva
rejected the first substratum that was encountered. Larval movements
then became more limited. The distance moved from the point of release
to first encounter of a substratum was often large. The distance moved
by several animals on this initial 'jump' was, on average, 5.2m (SE =
1.8 n = 7). Subsequent movements of these larvae were two orders of
magnituce smaller - 0.03m (SE = 0.003 n = 28) after rejecting the first
substratum encountered. This random sample of seven included the only

larvae for which measurements were made of all movements to settlement.



Figure 3.1 Larval trap to be positioned over adult colony; note
steel frame beneath black shade cloth and removable

plastic containers.






Figure 3.2 Frequency distribution of distance dispersed by larvae
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