
General Introduction

CHAPTER ONE

General introduction

1.1 Aims of research

The primary objective of this study is to catalogue the epifaunal amphipods of the

Solitary Islands. An experimental framework was used to collect regional amphipod

fauna (Chapman, 1999), and results from these experiments worked towards, a second

objective, the development of a 'sampling package' for the rapid assessment of amphipod

biodiversity. The third objective of this study was to describe the new species of

amphipods identified during the course of this work.

To-date, the majority of knowledge of amphipod fauna in the Solitary Islands has come

from ecological studies which have dealt with amphipod taxa as part of the wider

invertebrate community (Smith, 1996; Smith et aI., 1996; Smith & Rule, 2002; Rule,

2004; Rule & Smith, 2005). The exception to this is Lowry & Springthorpe (2005a),

which reported on 'New and little known melitid amphipods from Australian waters,'

including a new species, Mallacoota malua Lowry & Springthorpe (2005b), described

from the Solitary Islands, and several other melitid species with distributions across the

Solitary Islands region.

In the Solitary Islands, amphipod taxa have been recognised as a significant part of

marine invertebrate assemblage, and are known to have a dominant influence on observed

patterns of community structure (Smith & Rule, 2002; Rule & Smith, 2005; Rule, 2004).

This study specifically investigates this important part of the marine invertebrate

assemblage, and focuses on the epifaunal-dwellers, the most diverse group of amphipods

(Barnard & Karaman, 1991).
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Sampling of epifaunal amphipods took place as part of a series of cumulative

experiments, with the objective of detennining: 1) the variation in amphipod assemblages

with depth (Chapter 3); and 2) the influence of deployment length on amphipod

colonization of Artificial Substrate Units (ASUs) (Chapter 4).

The aim of these experiments was to identify a depth of high species richness and

determine the optimum deployment time for ASUs to recruit a high amphipod species

richness. The results from these experiments contributed to the developing an efficient

ASU sampling package for the collection of amphipod fauna. It is noted that high species

richness values are not synonymous with representing the biodiversity of an area, that is,

using the most species rich result as representing a region. However, for this study, high

species richness is considered most valuable to this early stage of research into the

amphipod fauna of the Solitary Islands.

ASUs were used as a surrogate sampling method for collecting amphipod epifauna, as

they provide a greater control over experimental design (Gee & Warwick, 1996; Smith &

Rule, 2005; Underwood & Chapman, 2006). ASUs are a standardized habitat which can

be repeatedly sampled across time and represented a consistent habitat to compare across

sites. This is important, not only for comparisons of heterogeneous benthos within the

Solitary Islands, but for potential widespread future application of this method as a tool

for collecting amphipod fauna.

Six different types of ASUs, of varying habitat architecture, were tested in order to

determine: 3) variation in amphipod assemblage recruiting to ASUs of differing habitat

architecture (Chapter 6), with the aim of identifYing which ASUs types were most

effective for collecting amphipod fauna.

The cumulative results from the above experiments contributed to the second main

objective, 4) formulating a 'sampling package' of ASUs for the rapid assessment of

12



General Introduction

amphipod epifauna, and 5) test the ability of this sampling package to reflect local and

regional fauna is tested (Chapter 6).

Using a sampling package approach provides a standardized method for cataloguing

amphipod fauna, which can be used across locations and repeated across time, with

potential, not only as a collection method, but as a standardized tool for future monitoring

(Costello & Thrush, 1991).

Finally, the third main objective is to report on the new species of amphipod identified

from the Solitary Islands. Taxonomic description and illustration of new species are

provided (Chapter 7).
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1.2 Biodiversity

1.2.1 What is biodiversity?

Coined in the mid-eighties, the term biodiversity has become one of the exciting

buzzwords of science, promoting nature and the environment (Harper & Hawksworth,

1994). Essentially, the term biodiversity encompasses everything in nature, from a single

individual right through to the biological concept of evolution. From government,

management, public and scientific perspectives, biodiversity is defined in many ways,

depending on the focus group (Gaston, 1996; Moustaka & Karakassis, 2005).

Traditionally, biodiversity encapsulated genetic, species and ecosystem diversity (Wilson

1997). This has further expanded to include evolutionary diversity, the past to future

lineage of a species, and environmental diversity, which includes the non-living aspect of

an ecosystem, and is equally vital to the function of biodiversity (Bonn & Gaston, 2005;

Ennos et ai, 2005).

The 'biodiversity crisis' was the statement used to highlight the rapid destruction of the

environment and, with it, an inestimable loss of species. Efforts were made to conserve,

catalogue, and reduce biodiversity loss (Wilson, 1996), through the implementation of

protection policies, and reserve and management strategies (Ward, 2000; Bonn & Gaston,

2005). Research into biodiversity has brought together numerous biological fields and is

intrinsically linked to conservation (Wilson, 1996).

The 1992 Earth Summit in Rio de Janeiro established the Convention on Biological

Diversity (CBD), listing biodiversity as a priority funding area for research (Kriwoken,

1996). The CBD became a major turning point for conservation and research (Samper,

2004), and was followed by an exponential increase in the use of the word 'biodiversity'

in scientific literature (Moustaka & Karakassis, 2005). The succession of biodiversity

research, as in all applied sciences, has followed the process of identifying gaps,

undertaking fieldwork and forming models. However, a substantial amount of
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biodiversity literature is policy orientated and identifies a lack of available data as a

major impediment (Harper & Hawksworth, 1994; Moustaka & Karakassis, 2005). It has

now been recognised that, to appropriately conserve biodiversity, fundamental

information, such as types of species present, their distribution and taxonomic

relationships within a specific environment, needs to be gathered (Mikkelsen & Cracraft,

2001; Giangrande, 2003).

It is acknowledged that the basic unit of biodiversity is that of species (Gaston, 1996;

Mace, 2004). Species house genetic information and come together to form communities

(Thompson, 1997). Species also represents a tangible unit by which to discuss the

concept of biodiversity (Mace, 2004; Ennos et ai, 2005). As a broad concept, measuring

biodiversity, like defining biodiversity, can be multifaceted. Species richness, the

number of species in an area, is however, the most widely used measure of biodiversity

(Salas, et aI., 2006). As it is based on the species unit, species richness is thought to

capture the essence of biodiversity (Gaston, 1996; Gotelli & Colwell, 2001). Species

richness is also a realistic measure (based on real collectable data) and is a simple, widely

understood biodiversity measure commonly applied in ecology (Gotelli & Colwell,

2001).

With species as an important foundational unit of biodiversity, taxonomy, through the

scientific identification and description of species, is a key building block to biodiversity

research (Scheltema, 1996; Martens & Segers, 2005). Despite the importance of

taxonomy to all biological investigations, the value of this descriptive work has not been

widely recognised (Wheeler & Cracraft, 1997; Mikkelsen & Cracraft, 2001; Valdecasas

& Camacho, 2003; Giangrande, 2003). In past decades, despite a well acknowledged

need for taxonomists and basic biodiversity data, there has been a critical de-emphasis on

taxonomic pursuits (Wheeler, 2004).
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1.2.2 Biodiversity and Taxonomy

Taxonomy is essential to the interpretation (or understanding) of biodiversity (Scheltema,

1996; Valdecasas & Comacho, 2003). Taxonomic monographs and regional inventories

provide an enormous amount of biodiversity information (Wilson, 2004; Martens &

Segers, 2005). This qualitative research can be as equally elucidative about a fauna as

quantitatively designed sampling studies (Mikkelsen & Cracraft, 1997).

Scientific names based on Linnean binomial classification provide a consistent, universal

language to discuss organisms and host a substantial amount of information about a

species. Information on hierarchical order, which will further allude to potential

phylogenies, synonymies and known distribution can all be accessed through a species

unique scientific name (Thompson, 1997; Hutchings, 1999; Maurer, 2000). With the

majority of taxa requiring experts for identification, good taxonomic work needs to be

valued (Valdecasas & Camacho, 2003). For biodiversity surveys and ecological studies,

taxonomists should, like statisticians, be consulted before, during and after projects

(Mikkelsen & Cracraft, 2001), to encourage and support consistency of records.

The biodiversity crisis outlined above also highlighted a similar taxonomic crisis,

whereby a lack of species information is married to a lack of taxonomists to carry out the

work (Wheeler & Cracraft, 1997). With only around 6,000 taxonomists working globally,

current research levels are not enough to meet biodiversity goals (Wilson, 2004).

Estimates of numbers of species on Earth are in the 5-15 and even 80-100 million range,

while the number of species currently described is around 1.5 to 1.7 million (Barnes,

1989; Gewin, 2002; Godfray, 2002; Mace, 2004 Raven, 2004).

Recently, strong advocacy for taxonomy and emphasis of its importance, through its role

in biodiversity research, has helped re-establish taxonomy as "big science" (Phil. Trans.

R. Soc. Lond. B special issue, 2004; Martens & Seger, 2005) and taxonomy as a science

is entering a new era (Wilson, 2004; Godfray & Knapp, 2004). The development of the
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internet as an information transfer system is playing an important role in the speed at

which taxonomic work can be produced and disseminated (Godfrey, 2002). Catalogues

of species names and lists of museum specimens have become highly accessible through

internet sites (Godfrey, 2002). Web-based identification programs and monographs are

providing user-friendly, highly accessible and readily updateable taxonomic information

and these new tools of taxonomy are being widely supported (Nielsen & West, 1994; Farr

& Rossman, 1997; Bisby et aI., 2002; Godfrey, 2002).

Programs such as DELTA, Linnaeus, Biolink, Lucidcentral and Lysandra provide

scientific databases that can produce interactive identification keys, monographs and

generally manage taxonomic data (VanDyk, 2005). Support and demand for these new

taxonomic tools has also come from end users such as managers, ecologists and students

(Hutchings, 1999; Australian Marine Science Association, 2005). Of the more than 50

large biodiversity funding bodies established, many are supporting on-line databases to

access taxonomic and biodiversity information (Gewin, 2002; Gotelli, 2004). These new

systems will help to address the taxonomic needs of biodiversity research.
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1.3 Assessing biodiversity

Initial approaches to assess and conserve biodiversity were species orientated, focusing

on threatened, rare or endangered fauna, and tended towards large charismatic species

(Williams & Gaston, 1994~ France & Rigg, 1998~ Zacharias & Roff, 2000). Research has

now shifted towards conserving biodiversity as a whole, through the conservation of

habitats and environments (Zacharias & Roff, 2000). On a broad scale, there have been

attempts to identify patterns of biodiversity such as latitudinal gradients of species and

hotspots, areas of high diversity and/or endemicity. However, broad biogeographic

patterns are not consistent between all taxa (Vincent & Clarke, 1995~ Myers, 1996).

Some areas are emerging as simultaneous hotspots and coldspots depending on focus

group (Price, 2002). Investigations into why some areas have dev~loped a high diversity

are coupled with the alternative, why have some areas developed with a low diversity

(Myers, 1999).

1.3.1 Rapid biodiversity assessment methods

At a regional scale, many impracticalities surround identifying all species within an area

for biodiversity surveys. Research strategies have been developed to rapidly quantify

biodiversity for best conservation effort. Rapid biodiversity assessment methods (RBA)

are used to overcome the difficulties of time, money and lack of available expertise

associated with full scale biodiversity surveys. Rapid assessment methods fall into four

main approaches: I) identification of fauna to Recognizable Taxonomic Units, RTUs

(taxonomic surrogacy); 2) the use of an indicator taxon/habitat as a surrogate to infer the

biodiversity of all groups (taxon/habitat focusing) 3) identification of fauna to higher

taxonomic levels (species surrogacy)~ and 4) restricted or reduced sampling effort

(sampling surrogacy) (O'Hara, 2001; Ward & Lariviere, 2004). These surrogate

approaches to biodiversity assessment are used not only for surveys and inventory but
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also to select, assess and monitor terrestrial and marine areas for parks and reserves

(Balmford et aI., 1996; Lasiak, 2003; Metzling et aI., 2003).

1.3.1.1 Recognizable Taxonomic Units (RTUs)

Identification of fauna to Recognizable Taxonomic Units (RTUs) is a quick identification

method which negates the need for taxonomic specialists, requires only a limited

knowledge of taxa and therefore saves time and money. Non-specialists and

parataxonomists, when tested by Oliver & Beattie (1993), were in error for only

approximately 14% of identifications on spider and ant fauna. Metzling et al. (2003) also

found that using inexperienced operators to collect and identify data did not compromise

the outcomes of a study on riverine ecosystems and presented a fast and cost effective

RBA method. However, on a study of Hymenoptera, identification to even coarse levels

was sufficiently laborious that no great time advantage was gained from morphospecies

identification as opposed to species level identification (Kerr et al., 2000). The

disadvantage of using RTUs is the loss of information which could have been obtained

through a species name (ie., distribution, information on life history). Further, RTUs are

not consistent between studies and therefore research is not comparable to other works

and does not fully contribute to a wider understanding of fauna. Overall, RTUs do not

show biodiversity variations between sites but offer a good starting point for biodiversity

research (Ward & Lariviere, 2004).

1.3.1.2 Indicator taxa/habitats

Indicator taxon or habitats are units thought to be reflective of the biodiversity of other

taxa and are used to infer the wider biodiversity of an area. Indicator taxa, in particular,

have been one of the most widely researched RBA methods (Pearson, 1994). The use of

indicator taxa in the marine environment is particularly pertinent, where many species are

cryptic, habitats are widespread and many species are habitat specific (Zacharias & Roff,
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2001). To recognise and establish effective indicator taxa criteria have been developed.

Indicator taxa should: 1) be representative of other species; 2) have a well-known

biology; 3) be easily sampled or observed; 4) have some degree of habitat specificity; and

5) have a wide geographic range (Pearson, 1994; Caro & O'Doherty, 1999; Smith, 2005).

Invertebrates, in particular, are thought to hold potential as biodiversity indicators as they

are generally habitat affiliated, environmentally sensitive and highly abundant. Olsgard

et al. (2003) demonstrated the order Terebellida (Polychaete), a group of relatively large,

long-lived and taxonomically well defined worms, were reflective of polychaete species

richness for soft bottom marine benthic substrates. For hard bottom marine benthos,

polychaetes in the family Syllidae have been identified as a promising indicator taxon

(Giangrande et at., 2005). Syllids are sensitive to the environmental gradients,

environmental disturbances (natural and anthropogenic) and could therefore also be

useful for studying biogeographic patterns of biodiversity (Giangrande et at., 2005).

For intertidal headland communities, Gladstone (2002) found molluscs to be

representative of local species diversity. Similarly, Smith (2005) found molluscs and

more specifically prosobranch molluscs, were predictive of headland community patterns

and species richness. Both works identified molluscs as holding value as indicator taxa

for planning and monitoring marine protected areas.

The use of habitats as a surrogates for biodiversity has received attention, particularly

with application to marine park planning. Habitats are readily recognised units in

ecology and represent a set of structural, biological and environmental conditions that can

be mapped (O'Hara, 2001). Habitats are easily observed and measured, and have an

inherent relationship with species (Pressey, 2004). Therefore, habitat indicators are

considered one of the more practical approaches to RBA (Banks et aI., 2005).

Surveys from intertidal and subtidal habitats by Ward et at. (1999), found biotic

(vegetation) habitat indicators encompassed the most biodiversity for reserve selection at
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the 2:40% level. O'Hara (200 I) found biotic indicators as the most informative habitat

delimiting unit. Subtidal areas that were defined by dominant vegetation supported the

most consistent floral and faunal assemblage, while abiotic surrogate indicators such as

depth, exposure and substrate type were less correlated to assemblages (0' Hara, 200 I).

Stevens & Connolly (2004) found that, as frequently as 60% of the time, abiotic

surrogates did not pick up changes in biotic habitat types (seagrass habitats to soft corals)

when correlating marine subtidal survey results. Given the established importance of

biotic habitat type to biodiversity, the consensus is now that abiotic surrogates are poor

biodiversity indicators (O'Hara, 2001; Banks et ai, 2005; Edgar et aI., 2005). Banks et al.

(2005), however, notes on a broad scale abiotic habitat measures still hold value, as a

consistent recognisable feature, such as rocky vs soft bottom marine benthos, coarsely

define areas of different biodiversity.

1.3.1.3 Higher taxonomic levels

Using higher taxonomic levels (lower taxonomic resolution) is another approach to

overcome time and taxonomic difficulties (Gaston & Williams, 1993). Higher taxon

approaches may use genus, family or order level identifications (in some instances class

or phylum), as a surrogate for species level identification in an effort to reduce sorting

time and the need for specialist taxonomic input (Lasiak, 2003). This method has been

successful for detecting responses to environmental gradients, and is widely employed for

biodiversity comparisons between pristine and perturbed sites (Somerfield & Clarke,

1995; Balmford et al., 1996; Olsgard et aI., 1998; Olsgard & Somerfield, 2000).

Balmford et al. (1996) found family level identification was sufficient to reflect the

biodiversity of species richness for protected tropical forest fauna. They also highlighted,

however, that the precision with which higher taxon could be extrapolated to predict

biodiversity was low, particularly for highly diverse sites. These results do not detract

from the use of higher taxa in RBAs, but show some limitation of the application of this

method overall.

21



General Introduction

For polluted marine environments, Olsgard et al. (1998) demonstrated that family level

identification was adequate to recognise perturbed and pristine sites, however higher

taxonomic identification was not correlated for diverse pristine sites. Pollution gradients

provide sufficient disturbance where assemblage change can be identified at a coarse

levels for biodiversity monitoring. However, pristine areas are generally defined by a

high level of diversity and, therefore, finer levels of identification are required to

appropriately survey community biodiversity (Olsgard et aI., 1998; Olsgard &

Somerfield, 2000).

Assumptions associated with the higher taxon approach are potentially most

disadvantageous to initial survey and assessment of biodiversity for pristine areas.

Besides the loss of potential information accessible by using species level identification,

the disadvantages of using the higher taxon surrogacy include: higher taxon assumes

congruence or alignment of hierarchical levels between taxa (for example, the amount of

character differentiation used to define family level status for amphipods is not equivalent

to that of polychaetes); it assumes there are functional (feeding strategy, motility) or

trophic similarities within a taxon; it also assumes taxonomy within a group is stable and

it does not recognise endemicity of species for an area (Gaston & Williams, 1993;

Maurer, 2000; Ward & Lariviere, 2004).

Using the higher taxonomic approach within a taxon, however, can overcome many of

these disadvantages. Investigating a wide range of taxa including invertebrates, fish and

plants, Vanderklift et al. (1998) found the correlation of higher taxonomic levels with

species richness varied between taxa, identifYing the need to treat most taxon separately

when using higher taxon levels as an RBA method. Olsgard et al. (2003) showed that

within polychaete taxa, genus, family and order level identifications corresponded to

species richness in soft sediment benthic habitats. Conversely, Hooper & Kennedy

(2002), for subtropical/temperate sponges, found family level identification was not

adequate to represent species level richness.
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1.3.1.4 Sampling surrogacy

Sampling surrogacy has received a lot of attention, particularly for the extremely diverse

terrestrial and aquatic invertebrate fauna (Somers et al., 1998; Kitching et aI., 2001;

Metzling et al., 2003;). Surrogate sampling approaches are often used to address time

constraints, or as trade-offs to survey larger areas (Ward & Lariviere, 2004). Surrogate

sampling methods can be addressed either through subsampling of material or by reduced

sampling effort. A subsampling approach can be by mechanical separation devices which

divide sample material or count levels, where only the first 100, 150, 200 etc. individuals

are counted from a sample. Counting only the first 100 individuals has been extensively

used for river systems for extrapolating local biodiversity estimates (Growns et aI., 1997;

Somers et al., 1998). Subsampling as a surrogate RBA method is often used for

invertebrate surveys where abundance and species counts are often large (Kitching et aI.,

2001).

Reduced sampling effort can be through using a shorter sampling duration, less intensive

sampling method or by reducing the number of sampling methods. Using a surrogate

sampling method to investigate biodiversity can reduce effort in terms of time, expenses

and in some circumstances, can also minimise the destructive nature of sampling.

However, reducing sampling effort requires careful consideration to ensure sampling

designs still meet research objectives and sufficient replication is made for statistical

analysis. Balmford & Gaston (1999) and Gladstone & Davis (2003) tested the reduced

surveying approach for defining a protected area based on forest and marine subtidal

habitat surveys respectively. Results for both studies showed that reduced sampling led

to larger protected areas than required, demonstrating a negative consequence of limiting

input for conservation planning.

Method-orientated reduced sampling RBA techniques have been particularly explored in

the marine environment where access to field sites can present many challenges. In

marine biodiversity assessments, video surveys are often used as a cheap surrogate survey
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method which reduces field time and increases the amount of area able to be covered by a

study in comparison to traditional surveys by divers on SCUBA (Stevens & Connolly,

2005). Timed surveys, where surveying techniques are carried out for only a specified

time period (30-minute survey searches), have been used to assess freshwater

invertebrates and intertidal molluscs, and show significant correlation with more

exhaustive survey techniques (Growns et al., 1997; H. Rose, pers. comm.). A recent

innovative surrogate sampling method by Warwick & Light (2004) used molluscan death

assemblages (natural shell accumulations) to quantify local mollusc diversity. That study

found diversity present in death assemblages were representative of local mollusc

diversity.

Finally, the use of Artificial Substrate Units (ASUs), synthetic manipulated habitats, as

faunal collectors in aquatic environments has also been applied to reduce field work when

sampling invertebrate biodiversity. This surrogate sampling method reducesdisturbance

to natural habitats and provides a highly standardized collection procedure (Suren, 1991;

Gee & Warwick, 1996; Growns et al., 1997). ASUs are readily colonised by invertebrate

fauna and have generally proved to be largely reflective of fauna associated with various

freshwater and marine habitats (Myers & Southgate, 1980; De Pauw, et a/., 1986; Edgar,

1991 a,b; Norderhaug et ai, 2002) (see section 1.5 for full discussion).

Overall, sampling surrogacy as an RBA method is an efficient approach to biodiversity

research providing experimental design are consistent with objectives. Effective designs

can reduce labour input and, therefore, time and expense of surveys, allowing quicker

research and/or wider survey coverage.

1.3.2 Conclusion

Despite the broad range and numerous approaches to RBA, many researchers highlight

that no single RBA method will fully encompass biodiversity (Kitching et a/., 2001;

Fleishmann et a/., 2001; Zacharias & Roff, 2001; Olsgard et a/., 2003; Pressey, 2004).
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Ultimately, a combination of more than one RBA approach can cover a wider

biodiversity spectrum (Olsgard et al., 2003; Pressey, 2004).

Using more than one indicator taxon has been repeatedly applied in terrestrial

biodiversity research (Lawton et al., 1998; Kerr et aI., 2000) and advocated for marine

studies (Ward, 2000). Warwick & Light (2004) found a surrogate sampling method

(mol1uscan death assemblages) and the use of a parataxonomist was efficient.

Combinations of higher taxon levels and indicator taxon have been found to be effective

for polychaete fauna (Olsgard et al., 2003; Giangrande et aI., 2005).

Adopting several methods of sampling surrogacy, mechanical subsampling, timed

surveys, reduced sample numbers, and the use of parataxonomists to assist in

identification, have been demonstrated in terrestrial and freshwater invertebrate surveys

(Oliver & Beattie, 1996; Growns et al., 1997; Somers et al., 1998; Basset et aI., 2004).

Further, by recognising that some methods of sampling can influence fauna col1ected, the

use of particular sampling methods can also assist in targeting specific faunal groups

(Hutchings, 1999; Kitching et aI., 2001; Metzling et al., 2003). Different combinations

of RBAs depend on the study in question and, as with all scientific research, the objective

should be clearly outlined (Pressey, 2004).

Lastly, the spatial relevance of any surrogate RBA method is important. Some surrogates

are proving to be more relevant at certain spatial scales than others (Pressey et aI., 1993).

It is becoming evident that spatial scales are of increasing relevance, and interest, in

marine biology (Fraschetti et aI., 2005). The spatial scales at which an RBA technique is

appropriate needs to be established before a method can be widely applied.

While RBAs represent a necessary quick alternative to meet current demands for

biodiversity infonnation, RBAs can never replace the infonnation obtained from

exhaustive biodiversity surveys (Hutchings, 1999; Olsgard, 2000; Giangrande, 2005).

Biodiversity conservation decisions based on ful1 inventories with species level
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identification are desirable (Balmford & Gaston, 1999). Biodiversity survey information

is essential for conserving our natural resources through implementing appropriate

reserve protection strategies (Dayton, 2003; Gladstone & Davis, 2003; Mace, 2004) and

provides information for future monitoring (Hutching, 1999).
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1.4 Amphipods in the marine environment

1.4.1 Amphipodous Crustaceology

Aristotle is one of the earliest authors to describe individuals thought to be attributable to

the Amphipoda, referring to 'the little genus - for these grow no bigger' (translated by

Cresswell, 1862). One of the first recognisable amphipod groups discussed in early

literature are the Cyamus LatreiJIe (1796), also referred to as Ceti in early texts.

Cyamidae Rafinesque (1815) are a small highly specialised family of amphipods parasitic

on cetaceans. Stebbing (1888) notes early authors Plinius (1 5t century AD) and Risso

(19th Century AD) remarking on Cyamus, quoting Risso (1816) as Cyamus 'sometimes so

irritates the thunnies in the Mediterranean that they jump out of the water' - suggesting

that these amphipods were responsible for the breaching behaviour in cetaceans.

The name Amphipoda was first proposed by Latreille in 1816, following several

classifications of the Crustacea put forward by Fabricius, Cuvier, Latreille and Leach in

the early 1800s. In his 1817 Dictionary ofNatural History, Latreille defines the term

Amphipoda as ell-Wl (around) 1tOU~ (a foot). Later authors, however, have come to other

derivations of Latreille's definition. Agassiz (1842) construed the meaning of

Amphipoda as untrique pes - both sides, but as pointed out by Stebbing (1888) all animal

feet occur on both sides (untrique), which would appear to render Agassiz derivation as

somewhat meaningless. Bate & Westwood (1861) understood the definition as the Greek

elJ.l0CD (both) 1tO()£~ (feet), referring to amphipods having both walking legs and swimming

legs, distinguishing them from the concurrently proposed Isopoda, which have only

walking legs. This definition would seem plausible, although Stebbing (1888) subscribes

to Latreille's original phrasing 'around', perceiving this to describe amphipods as having

legs facing all directions - forward, upward, backwards, down and sideways.
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1.4.1.1 Classification

Amphipods are classified as class Malacostraca, subclass Eumalacostraca and are part of

the superorder Peracarida (Martin & Davis, 200 I). However, most modern workers do

not consider the peracarids to be a monophyletic group and much debate surrounds the

division and relationships between the 'peracarid' orders (Martin & Davis, 2001). The

peracarids include the Cumacea, Isopoda, Mictacea, Mysidacea, Spelaeogriphacca,

Tanaidacea and Thermosbaenacea (see Lowry & Stoddart, 2003), and are a group of

brooding Crustacea that have direct development of embryos in a brood pouch or

marsupium, from which they young emerge as juveniles. Other characters that group the

Peracarids include: carapace (when present) never fully fused to the thorax; the first

thoracic segment fused to the head with first thoracic legs forming maxillipeds;

mandibles with an articulating lacinia mobilis; coxae only weakly articulating with the

body and thoracic legs with the most pronounced flexion between the fifth and sixth leg

article (Lowry & G.C.B. Poore, in Lowry & Stoddart, 2003).

Amphipods have previously been thought to be the sister taxon to the Cumacea,

Mysidacea, Isopoda or even more closely aligned to the Syncarida superorder (Bousfield

and t-Shih, 1994). A sister relationship between the Isopoda and Amphipoda has been

largely dismissed with the Isopods now thought to be most closely aligned with the

Tanaidacea (Martin & Davis, 2001). Spears et al. (2005), using phylogenetic analysis on

DNA sequences, grouped the Isopoda, Tanaidacea and Cumacea as a separated clade to

the Amphipoda, Speleogriphacea and Lophogastrida. Watling (1983; 1999) has

suggested the Amphipoda belong outside the Peracarids as their own monophyletic

.group. Recent works agree in placing the Mysida outside the Peracarida, which clearly

removes them from the Lophogastrida to which they were once thought to be the sister

taxon (Watling, 1999; Richter & Scholtz, 2001; Spears et aI., 2005). The order

Amphipoda itself is considered monophyletic (Martin & Davis, 200 I).
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The characters which define the Amphipoda include: carapace absent; eyes sessile;

antennae 1 typically biramus with reduced inner ramus; thoracopods 2-8 (also known as

pereopods 1-7) uniramus; coxae forming plates; pleopods 4-6 modified as uropods; male

with paired penes on pereonite 7; female gonopores on pereonite 5; and with young

released from the brood pouch as fully formed adults (Lowry, in Lowry & Stoddart,

2003; see below for description of terms).

1.4.1.2 Anatomy

Amphipods are generally characterised by their laterally compressed body plan, though

some families deviate from this generalization. Amphipods are defined by a head and

thirteen body segments. Two paired antennae project from the top of the head usually as

flagellate or telescopic sensory extensions. The mouthparts are a bundle of six parts, five

of them paired: the labrum; labium; mandibles; maxilla 1; maxilla 2 and maxillipeds.

The labrum or upper lip is the first and single piece of the mouthparts. The labium or

lower lip, are paired lobes that close the salivary duct. The presence of a pair of medial

lobes on the labium can be informative at the family level. The mandibles are a pair of

appendages laterally attached to the head. The mandibles are used for biting and

chewing, usually with a molar surface and mandibular palp used in grooming. The

structure and modification of the mandibles and molar surface are helpful in determining

the feeding strategy of a species. The maxilla 1 consist of two lobes with the outer lobe

bearing a palp, that may be well developed or vestigial. The maxilla 1 palp can be

informative for both genus and species level identification. The maxilla 2 also has two

lobes. The presence of an oblique setal row on the inner plate of maxilla 2 is of

taxonomic importance in separating some groups. The final pair of mouthparts, the

maxillipeds, are modified thoracic legs that have evolved into feeding appendages. The

articles of the maxillipeds are often heavily setose with a range of different setal types.

The first seven major body segments are referred to as the pereon or individually as

pereonites. In amphipods, the first two legs are referred to as gnathopods, and are used
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for feeding and/or reproductive purposes. Development in these legs is extremely

informative at the family level. The third and fourth pereopods, walking legs, like the

previous two gnathopods have the dactylus, the final pereopod article, facing posteriorly

while the fifth, sixth and seventh pereopods having the dactylus facing anteriorly. The

thoracic legs, including the derived maxillipeds, gnathopods and pereopods, are each

composed of seven articles which when referred to numerically are numbered proximal to

distal. These articles may also be referred to as the coxa, basis, ischium, merus, carpus,

propodus and dactylus. Considerable variation occurs in the length, expansion and

setation of the pereopods and can be informative on many hierarchical levels.

The next three body segments are referred to as the pleon or individually as pleonites;

attached to them are the pleopods, or swimming legs. The pleopods are biramous

appendages and are conservative appendages showing little variation within the

amphipod group. The final three body segments are the urosome or individually the

urosomites. Fusion between urosomites occurs in some family groups. Projecting

laterally from the urosomites are three pairs of uropods. Uropod 3 is considered a true

uropod, as seen in other malacostracans, while uropods one and two are evolved

pleopods. In most instances the uropods are biramous, with two rami extending from the

basal peduncular segment. The telson is the final article of the amphipod body and many

modifications to this structure are shown throughout the Amphipoda. The telson may be

cleft (the plesiomorphic ancestral state), or entire, a convergent feature throughout several

groups. The telson is also an important taxonomic character from superfamily to species

level.
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1.4.1.3 Taxonomy

Higher taxonomic classification within the order Amphipoda is 'to a large extent an

unresolved mess' (Martin & Davis, 2001). Phylogenetic analysis of the higher taxonomic

relationships within the Amphipoda is currently being investigated by Myers & Lowry

(Lowry pers. comm.). Several, somewhat conflicting, schemes have also been put

forward by Bousfield and co-workers (Martin & Davis, 2001). There are currently four

major suborders to the Amphipoda: Gammaridea Latreille 1802, the largest suborder

considered paraphyletic with a diverse range of families; the Corophiidea Leach 1814, a

mainly benthic group with some specialist herbivores and ectoparasites; the Hyperiidea

Milne-Edwards 1830, a planktonic group, with parasitic life phases; and the

Ingolfiellidea Hansen 1903, a small interstitial group found in marine and freshwater.

This classification, with four suborders, includes the result of a recent phylogenetic study

by Myers & Lowry (2003) which elevates the Corophiidea and incorporates within it the

former suborder Caprelloidea. The Corophiidea are divided into two infraorders;

Corophiida and Caprellida. Other important changes to prominent taxa in Myers &

Lowry (2003) include placing the Ischyroceridae within the superfamily Photoidea Boeck

1871 (comprising Ischyroceridae Stebbing 1899, Photidae Boeck 1871, Kamakidae

Myers & Lowry 2003), establishing the Isaeidae Dana, 1852 in their own superfamily

Isaeoidea Dana, 1852, removing them from the photids. Myers & Lowry (2003) further

discuss how functional ecology relates to the evolution of the characters used to define

groups. Other recent, notable higher amphipod phylogenetic analysis have been made by

Berge et al. (2001) in order to establish the relationship of the Stegocephalidae Dana

(1852) within the Amphipoda. However, no formal classificatory changes were proposed

from this analysis. It is important to note that all taxonomic classifications are

hypotheses (Wheeler, 2004). Therefore, as knowledge and understanding of character

states develops, more informed phylogenetic trees can be constructed and used to infer

relationships between groups.
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1.4.1.4 General ecology

While most prolific in the marine environment, amphipods occur in freshwater,

stygobiont and terrestrial settings. Within the marine environment, amphipods have

radiated into many different lifestyles including: nestlers, living amongst algae;

domicolous species, constructing tubes with algae, detritus and/or sediment which is held

together with amphipod silk (Appadoo & Myers, 2003; Lowry & Berents, 2005)~

inquilines, living in association with a range of other taxa, including starfish, hermit crabs

and limpets (Vader, 1996; Underwood & Verstegen, 1988; Lowry & Springthorpe,

2005); infauna, of sand, silt, gravel or muddy sedimentary habitats; nekton, living within

the water column, including zooplanktonic species (Barnard & Karaman, 1991).

Inhabiting a diverse range of niches within an ecosystem, amphipods exhibit many

feeding strategies. Those that feed on particulate matter may be filter feeders, passively

collecting material from the water column with their antennae sweeping it into their

mouth; suspension feeders, actively capturing particulate matter; or deposit feeders,

exploiting cumulate matter. Some amphipods are: herbivorous, consuming only plant

matter; omnivorous, feeding on both plant and animal material; scavengers, consuming

dead animal matter; predators, which actively capture prey; slime or sap suckers~ which

feed on cnidarian metabolites; and ectoparasitic on cetaceans (Barnard & Karaman,

1991 ).

1.4.2 The importance of being amphipodous

Through their diversity, abundance, trophic role and environmental sensitivity,

amphipods hold great potential as a biodiversity surrogate, and indeed have been

advocated as a potential indicator taxon (Thomas, 1993; 1997). Their abundance and

diversity, amphipods are considered the insects of the marine world (Hay et aI., 1987;

Duffy & Hay, 1991; Thomas, 1993; Lowry & Stoddart, 2003). Amphipods are the most
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diverse of the peracarids, projected as five times more abundant than isopods, the second

most numerous peracarid taxon (Kensley, 1998). In studies of mobile invertebrate

communities, amphipods dominate in both species and abundance (Edgar, 1983c; Riddle,

1988; Taylor & Cole, 1994; Parker et a/., 2001; Goodsell & Connell, 2005).

Within marine settings, amphipods occupy a range of niches, either as free-living or

commensal and as specialist or generalist feeders. Amphipods occupy all levels of the

marine environment being: fossorial - living in the sediment; epifaunal - in association

with benthic structures; or pelagic - living in the water column itself. Algal-dwelling,

epifaunal amphipod communities show the highest habitat species richness, with most

species ubiquitous between algal types (Russo, 1989; 1997). In tropical areas coral rubble

is also proving an increasingly important habitat for amphipod species richness (Myers,

1985; 1995; Lowry & Stoddart, 1995; Lowry, 2000).

In the trophic web, amphipods play an important role as food for other organisms,

forming an important tropic link from primary producers to higher end consumers (Edgar,

1991 a). As an alpha food source, amphipods form the primary diet ofjuvenile and adult

fish between one and one hundred grams (Edgar, 1997). Whales, along with terrestrial

and marine birds are also known to feed on various groups of amphipods (Oliver et a/.,

1984; Grebmeier & Harrison, 1992; Hilton et al., 2002).

Over half of the literature published on amphipods each year pertains to their use in

pollution studies (Vader, 2005). The amphipods' small size, abundance, short life cycle

and direct development make them ideal monitors of local environments (Thomas, 1993).

Amphipods are also highly susceptible to abnormal conditions, responding to both natural

and anthropogenic disturbances, such as changes in pH, salinity and nutrient loading. As

such, amphipods are widely used as bio-indicators, and in field and laboratory bioassays

on pesticides, heavy metals (Arsenic, Copper, Cadmium, Iron, Lead, Manganese,

Mercury, Nickel, Silver, and Zinc) and petroleum, with species-specific responses to

loading levels (Reish & Barnard, 1979; Conlan, 1994; Marsden & Rainbow, 2004)
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With high potential and support for use in a range of ecological fields, what is now

required is increased knowledge on the taxonomy and biodiversity of amphipods. This

foundational work is essential to investigate further and test the potential of amphipod

fauna as an indicator taxon for biodiversity.
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CHAPTER TWO

General methods

2.1 The Solitary Islands Marine Park

2.1.1 General description

The Solitary Islands region is located midway between Brisbane and Sydney, on the New

South Wales (NSW) mid-north coast. The Solitary Islands Marine Park (SIMP) was the

first marine park established for NSW, declared a marine reserve in 1991 and elevated to

marine park status in 1998. The SIMP extends from Muttonbird Island (30° 18'S

1500 05'E) North to Plover Island (29°40'S 153°05'E), covering approximately 160 km2
•

The SIMP is divided into three levels of protection, General Use (119 km2
), Habitat

Protection (37 km2
), and Sanctuary Zones (0.79 km2

). These zones are used to manage

the park for commercial, recreational, scientific and conservation purposes (Marine Parks

Authority, 2005).

The Solitary Islands region was considered an area of significant value, as it represents a

biodiverse transition zone of tropical and temperate waters (Environment Australia,

2001). Onshore environments are dominated by temperate macroalgae, while offshore

islands support tropically affiliated coral communities (Harriott et aI., 1994). This pattern

reflects the movement of the prevailing tropical/subtropical Eastern Australian Current

(EAC) and inshore southern currents (Harriott et aI., 1994). The high biodiversity of

fauna in the area includes many species at their extreme southern or northern

geographical distribution, fauna endemic to the region, as well as internationally and

nationally recognized threatened and endangered species (Environment Australia, 2001).
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There are eight islands in the Solitary Islands region (an oxymoron), seven islands within

the marine park. The five major offshore Islands are: North Solitary, North West

Solitary, South West Solitary, Split Solitary and South Solitary. Two Islands, Plover and

2940'S
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Coffs Harbour

VVoogcoiga Reef
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South Soqtary

Splt Soh!ary
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Figure 1: Map of the Solitary Islands region, New South Wales, Australia. Island names and collecting

sites indicated on map. Modified from Smith & Rule (2002).
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Muttonbird, delimit the marine park area and are connected to the coast. Korffs Islet lies

outside the marine park zone but is only Ikm south of the marine park boundary

Rocky subtidal reefs are an important benthic feature within the marine park. Subtidal

reefs are divided into: deeper midshelf reefs 30-35 m rising to 15 m depth; offshore reefs

deeper than 35 m and submerged pinnacles. Together these hard substrata account for

around 13% of the marine parks benthos. Soft bottoms habitats are among the most

diverse in soft sediments studies in Australia and form the remaining 870/0 of the benthos

(Rowland, 1999; Environment Australia, 2001). In some locations of the marine park,

coral cover is as high as 50% (Harriott et al., 1994). However there is no accretion of

carbonate materials to form coral reef structures. Potential reasons for the absence of

coral reef in the region may include slow growth, high mortality or low recruitment of

corals; however, these causes have not been scientifically quantified (Harriott et al.,

1994).

Over ninety species of coral have been recorded in the SIMP, with 77 of these species

also found further north on the Great Barrier Reef (Harriott et al., 1994). Marine fishes in

the region also show a tropical affinity, with approximately 80% of fish recorded

considered tropical species (Foxhall, 1997). Millar (1990) reports approximately 200

algae species from the Solitary Islands region, which include both tropical and temperate

species. Other major marine groups including echinoderms and molluscs have also been

catalogued for the SIMP (Marine Park Authority, 2000; Smith, 2005). Marine

invertebrate groups such as polychaetes, isopods and amphipods are known in part from

wider quantitative ecological studies in the area (Smith & Simpson, 1991; Smith et aI.,

1992; Smith, 1996, 2000; Smith & Rule, 2002; Rule & Smith, 2005).

The geological structure of the area consists of a 'Coffs Harbour' sequence of Palaeozoic

marine sediments intruded by Mesozoic granites. The islands and subtidal rocky reefs

are composed of metamorphic greywacke, which is the hard-wearing remains from a

carboniferous sequence which included softer sandstone and cherts (Zann, 1995). The
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continental shelf supports Quaternary fluvial sediments from the surrounding river

systems as well as relic quartzose from volcanic granites and carbonate rich sands from

coral/molluscan assemblages (Zann, 1995; Environment Australia, 2001).

Wind conditions for the region are strongest in the summer months, while in winter

weather conditions are more benign. Winds, and thus offshore swells, are predominantly

from the southeast. Large storm events, with associated large seas, generally originate

from the south. Occasional cyclonic conditions are experienced in the area and these

approach from the east. As such, the southeast to eastern sides of the islands and

headlands are the most exposed locations. Onshore waves are wind-driven and also

influence current patterns in the area (Environment Australia, 2001).

The Eastern Australian Current, a tropical/subtropical western Pacific boundary current

flowing from the Coral Sea and Northern Queensland, diverges from the continental

slope at the Solitary Islands region as it meets the inshore southerly current. These two

currents are an important potential transport mechanism to the area for flora and fauna.

Interaction of the two water bodies can result in up-welling of deeper cold water, creating

a warm water counter current. Warm water eddies flow over the continental shelf

influencing coastal waters and a southward flowing warm water nearshore current may

also occur (Zann, 2001). Water temperature in the region ranges from 16.5°C in the

winter to 26.6°C in summer months (December to March) (Environment Australia, 2001).

The maximum tidal range for the area is two meters with tidal movement semi-diurnal.

2.1.2 The benthic environment

As part of a review of the SIMP management and planning, Smith & Edgar (1999)

surveyed the benthic environment of five of the islands in the Solitary Islands: North,

North West, South West, South and Split Solitary islands. Seven, broad, subtidal

community types were identified from this study: coral communities, anemone

communities, kelp communities, macroalgal communities, boulder communities, gravel
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Solitary was dominated by amphipods and decapods, while North West Solitary had a

higher abundance of polychaetes and bivalves. At South Solitary the dominant epifauna

were amphipods and bivalves. Overall, more sessile, suspension feeding invertebrates

were recorded at North West Solitary and South Solitary Island than at North Solitary.

The brooding behaviour of many local invertebrate fauna and shifting current movement

(of primarily the EAC) was thought to largely influence recruitment in the region

(Harriott, 1999; Rule & Smith, 2005).

2.1.3 Descriptions of study locations

For this project two types of study locations are described, study sites and collection sites.

Study sites were those used for specific experimental work. Collection sites were areas

where qualitative samples of natural habitats were made. Qualitative sampling also took

place at locations designated as study sites.

2.1.3.1 North Solitary

North Solitary Island, as the name suggests, is the most northerly island of the Solitary

Islands and is approximately 18 km offshore (Figure 2). North is the largest island in the

Solitary Islands at ~ 1.5 km long, and has the highest diversity of corals for the area; 49

species, with 14 species that are recorded only from this location. North Solitary also has

a high percentage of coral cover; approximately 33%, of the benthic community structure

(Harriott et al., 1994). In particular, acroporan corals account for 18% cover and 49% of

the coral community, which are the highest Acroporan percentages for the region. Much

of the remaining shallow subtidal substrate is bare rock, which accounts for 520/0 of the

benthos (Harriott et aI., 1994).

Anemone Bay, at the northern end of North Solitary Island, is a protected bay that is

sheltered from most wind conditions, except north and north easterly winds. In the bay,
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bed communities and barrens communities. The offshore islands, North, North West and

South Solitary, were seen to support a greater habitat diversity than onshore islands.

Subtidal community structure was related to wave exposure conditions with most

diversity occurring on the more sheltered western (leeward) and northern sides of the

islands (Smith & Edgar, 1999).

Based on benthic surveys, Harriott et al. (1994) reported several large-scale distribution

patterns for benthic communities in the Solitary Islands. At onshore sites, bare

substratum is rare with the macroalgae Ecklonia radiata and Sargassum sp. dominating

the benthos. At offshore sites coral and anemone habitats dominate with considerable

areas of bare space. Corals are in higher abundance at the northern islands, while turfing

and coralline algae are more abundant at the southern islands. Overall Harriott et al.

(1994) found coral cover in the Solitary Islands to be similar to cover levels recorded for

fringing coral reefs on the Great Barrier Reef; however, coral diversity is lower in the

Solitary Islands. Soft coral cover at the Solitary Islands is also lower then for tropical

fringing reefs.

Each of the Islands within the Solitary Islands has a unique benthic community structure.

The early survey work by Harriott et al. (1994) recognised the islands as four distinct

groups based on benthic structure: Muttonbird Island and Woolgoolga reef (not an

island), both onshore locations; North West, South West and Split Solitary Island; and

North Solitary and South Solitary were distinct from all other islands and each other. The

later surveys by Smith & Edgar (1999) however, recognized each island as having a

distinct overall benthic community, where sites within an island more similar to each

other than to sites of similar exposure conditions between other islands.

Recent work on epifauna of artificial substrata by Rule (2004) at three of the Solitary

Islands (North, North West and South Solitary Island) found only 45% of the

macrofaunal assemblage was shared between islands. Each island maintained a discrete

recruiting assemblage which was consistent across depth and season. Epifauna at North
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the seafloor gently slopes to 20 m depth over a 100 m incline. The benthos is a medium

grain carbonate sediment with scattered small to large boulders. The substratum is

carpeted with two species of host sea anemone, Heteractis crispa and Entacmea

quadricolor, giving the area its name. The density of cover of host sea anemones in

Anemone Bay is the highest recorded anywhere in the world (Richardson, 1997). These

anemones, in tum, support some 5 species of anemone fish (Amphiprion sp.).
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Figure 2: Map ofNorth Solitary Island. Boxes indicate study sites and collection sites.

The western (leeward) side of the island is also well protected in most weather.

Subtidally, the steep-sided island margin extends as a sloping ridge or shallow platform

for 10-20 m before abruptly descending to a 20 m sandy bottom. Ridges and platforms

are mostly bare substratum.
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'Anemone Bay' eastern ridge

Study Site

The study site, at 10m depth, was located on a sloping ridge 4 - 5 m wide extending from

the intertidal to 15 m depth (Figure 2). The ridge is bare rock with many long, shallow

crevices. Medium carbonate sediments and coarse dead coral fragments, approximately 5

em in length, occur in small pockets. A few live branching corals occur but are mostly

overgrown with encrusting red coralline algae. Tufts of Chlorodesmis sp. are also

present. At the lower west side of the ridge are boulders and carbonate sediments, which

are covered by host sea anemones. The lower east side of the ridge drops immediately to

15 m depth, where a 4 m wide sand bottom extends back to a submerged cave. Leopard

sharks (Stegostomafasciatum) commonly rest around this area.

'The Mackerel Run' to 'Bubble Cave'

Collection site

The subtidal slope is a series of bommies, ravines and platforms, with the most diverse

habitats in the ravines and on platform overhangs (Figure 2). These areas support a few

soft corals, a thin 1 em cover of turfing algae and small tunicates. The dominant

substrate for the western side of the island is bare rock. Scattered individuals of the

branching corals, Pocillopora damicornis and Acropora cerealis break up the bare rock.

Crinoids are very common at this location, under corals and occupying large, 10 em

cracks that run along the smooth bare rock. Large tufts of the green algae Chlorodesmis

sp. are also present in shallower depths. Host sea anemones form dense clumps up to 5

m2 at the Mackerel Run site but are present as scattered individuals towards the Bubble

Cave.

2.1.3.2 North West Solitary Island

North West Solitary Island is 500 m long, located 8 km from the coast and situated in the

middle of the marine park (Figure 3). The benthic community at North West Solitary is a

heterogeneous mosaic of large sessile invertebrates, including hard corals,
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Maddy'. Moonng
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Figure 3: Map of North West Solitary Island. Study site indicated by box.

soft corals, zoanthids, sponges, ascidians and mixed low turfing algae. Surveys of the

island by Harriott et al. (1994) recorded hard coral cover at 26% and soft corals at 7%.

The western leeward side is an extensive shallow subtidal platform 6 - 12 m deep, and

extends for 150 m before dropping off to a sandy bottom habitat at around 20 m depth.

The platform is a series of rocky ridges and gutters that run in a north-south direction

with some bands of sandy bottom up to 10m wide. At times, a strong current flows from

the south of the island sweeping north (Smith & Edgar, 1999).
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'Maddy's Mooring'

Study site

Maddy's Mooring is 50 m from the western shoreline of North West Solitary Island, just

north of the island's centre (Figure 3). The study site was 10-15 m directly south of the

mooring at a depth of 8 - 9 m. Situated on top of aIm tall rocky ridge, the habitat is bare

rock with acroporan corals and large 0.5 m diameter corallimorphs. The bare rock

contains many crevices and long cracks that house small deposits of fine to medium grain

sediments. The overhang of the ridge is a diverse habitat with small sponges «10 cm),

tunicates, hydroids and small (2 - 10 cm) clumps ofPadina sp. A matt of low turfing

algae with trapped fine sediments covers the remaining space. Either side of the ridge are

gutters of fine to medium carbonate sediments.

2.1.3.3 Woolgoolga Reef

Collection site

Woolgoolga reef is a rocky subtidal reef 500 m offshore from the mainland (

Figure 1). A small rocky outcrop above sea level on the western side of the reef marks its

location. The reef is dominated (70% cover) by stands of the macroalgae Ecklonia

radiata, which is typical of onshore sites (Smith & Simpson, 1991; Harriott et aI., 1994).

Among the stands of Ecklonia are a diverse range of green and red algae, Cladophoropsis

herpestica, Caulerpa racemosa, Jania crassa, Haliptilon roseum, Lobophora sp. Soft

and hard corals are also present on the reef, the soft coral cover being the highest for the

region (Harriott et al., 1994). Between the rocky substrate complex which forms the reef,

are gutters of coarse carbonate sediments.

2.1.3.4 South West Solitary Island

South West Solitary Island is 450 m long, stretching in an east-west direction in the

southern section of the marine park (Figure 4). South West Solitary, also referred to as

44



General methods

Groper Island, has the highest coral cover for the Solitary Islands with hard corals

covering 50.90/0 of the benthic substrate (Harriott et al., 1994). Bare rock is also a

prominent habitat accounting for a further 29.40/0 of the benthos (Harriott et al., 1994).

The northern and southern subtidal habitats are boulder fields extending into deeper water

30-50 m from the island.
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Figure 4: Map of outh West Solitary Island. Boxes indicate collection sites.

Southwest corner of South West Solitary

Collection site

The south western comer of South West Solitary Island is an exposed habitat (Figure 4).

Subtidal cobbles and small boulders are found in waters to around 6 - 8 m depth. Mixed,

low, turfing algae cover these hard substrates including very small patches ofDilophus

marginatus, Amphiroa anceps and Haliptilon roseum. Solitary ascidians and other sessile

invertebrates occupy spaces, and considerable bare rock is also present. Patches of fine

and medium carbonate sediments are scattered throughout the reef.
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'Middle Mooring'

Collection site

Middle Mooring is on the northern, more sheltered side of South West Solitary Island

(Figure 4). High densities of large Turbinarian corals predominate, and these corals are

established on bare, small to medium boulders to depths in excess of 15 m. In the North

West comer of the island a steep wall extends to 6 - 8 m deep. Tall, narrow ridges with 1

- 2 m-wide crevices project north from the wall. These surfaces are covered in low

turfing algae. Sediment at the base of the wall is a coarse carbonate sediment that

stretches for 3 - 4 m before the boulder habitat starts.

2.1.3.5 Split Solitary Island

Split Solitary Island is in the southern section of the marine park and is an onshore island

only 3 km from the coast (Figure 5). This 300 m long island runs in an east-west

direction with prevailing weather from the southeast. Split Solitary supports a habitat of

mixed turfing algae, sessile invertebrates and, hard and soft corals. Hard coral cover is

the second highest for the region at 34%. The southern side of the island is a ridge and

large boulder habitat with medium carbonate sediments that extend to deeper waters (>14

m+). From the western, more sheltered, side of the island, a rocky reef platform stretches

west 40 m on an incline.

'Cod Rock'

Study site

The south eastern comer of Split Solitary Island is the most exposed aspect of the island

(Figure 5). The study site was a 20 m long belt transect, grading from a depth of 2 - 20 m.

The subtidal southeast section of the island is a near vertical wall covered with the

solitary ascidian Herdmania momus. Below 5 m the wall is bare rock with some brown

algae (Dilophus marginatus). The base of the wall is at 6 m depth with medium

carbonate sediments stretching out to deeper waters between a maze of ridges and large
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boulders. The rocky hard substrate supports low turfing algae including tufts ofAmphiroa

anceps.
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Figure 5: Map of Split Solitary Island. Boxes indicate study sites.

'Turtle Cove'

Study site

The western platform of the island is the sheltered region of Split Solitary Island (Figure

5). Toward the southwest corner of the island the platform edge slopes east. On the

lower side of the platform, the medium grain carbonate sediment is sculpted with ripple

marks. In these sediments, at 15 m depth, there are large specimens of the red algae

Metagoniolithon chara. Along the platform overhang are sponges, small tunicates,

hydroids and low turfing algae. On top of the platform is a rocky reef habitat with hard

and soft corals, sessile invertebrates and dense tufts of Amphiroa anceps. Deposits of

coarse shell fragments are also present amongst medium and coarse carbonate sediments.

Large Turbinarian plate corals occur in the area past 12 m depth.
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2.1.3.6 South Solitary Island

South Solitary Island is the most southerly island in the marine park lying 18 km off the

coast (Figure 6). The island is 600 m long and positioned in a general north-south

direction. At the eastern and southern end of the island steep cliffs extend subtidally to

25 m. A submerged arch >5 m across, at 15 - 20 m depth, is a major feature of the site

and a common aggregation point for the protected grey nurse shark (Carcharias taurus),

and manta ray (Manta birostris).
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\
)
f
l
"\
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Figure 6: Map of South Solitary Island. Boxes indicate collection sites.

The northern and western sides of the island are the most sheltered locations. Benthic

structures include large boulders, bommies and platform areas that extend 20 - 50 m from

the island.
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'Shark Gutters' to 'North Boulder Wall'

Collection site

Shark gutters at the northern tip of the island is a large boulder and gutter area (Figure 6).

At the base of the island slope, at 6 - 8 m, are large deposits of coarse barnacle rubble. At

depths in excess of 10m large platform areas extends for 5 - 10m and terminate in deep

crevices ( >1 m). These cryptic spaces support a large number of sessile invertebrates,

corals, ascidians and sponges. The top of the platforms and boulders are covered with

mixed low turfing algae.

'Buchannan's Wall'

Collections site

Buchannan's Wall is on the south western side of South Solitary Island and is a shallow

rock platform 8 - 16 m deep (Figure 6). The shallow site is an urchin barren, the

dominant sea urchin being Centrostephanus rodgersii. Some branching corals are

present and small scattered tufts of the green algae Chlorodesmis sp. also occurs at this

site. Pockets of medium to coarse carbonate sediments and small specimens of the algae

Lobophora sp., Delisea pulchra and Amphiroa anceps are also common.

2.1.3.7 Muttonbird Island

Muttonbird Island is an onshore island joined to the mainland by a rock wall that forms

the Harbour and marina (Figure 7). The island is approximately 600 m long and stretches

in an east-west direction. North from the centre of the east-west axis of the island marks

the southerly limit of the Solitary Islands Marine Park. Typical of onshore sites in the

region, Muttonbird Island supports a dense kelp community, dominated by the

macroalgae Ecklonia radiata.
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Figure 7: Map of Muttonbird Island. Box indicates study site.

The northern side of the island is a sheltered site with a shallow bay in the centre. At 0 

5 m depth a sandy bottom supports a large stand of the brown algae Sargassum sp.

Beyond 5 m depth, a series of rocky ridges run in an east-west direction extending 70 m

from the island. Underneath the stands of macroalgae, low turfing algae, compound

ascidians and tunicates are common (Smith & Simpson, 1991). The sedimentation rate at

this site is high and often blankets these habitats in a layer of fine silt. Between the rocky

ridge structures are sandy, and fine to medium grade carbonate sediments.

Northern side of Muttonbird Island

Study site

The northern side of Muttonbird Island study site was located on the last rocky ridge of

the northern side of the island (Figure 7). The top of the ridge drops approximately 1.5 m

to a 10m deep sandy bottom. Clusters of finer sponges emerge from these sandy

substrates. Along the deeper set ridges and drop off large corals, including plate coral

(Turbinaria spp.), and sponges are present. Soft corals and zoanthids are also found at

this site is small numbers.
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2.1.3.8 Korffs Islet

Korffs Islet is a 100 m wide islet located 1 km south of Muttonbird Island, and is the

southern boundary of the marine park (Figure 8). A subtidal ridge at 10m depth connects

Korffs Islet to Corrambirra point on the mainland, which is only 600 m west of the island.

Until 2005 Corrambirra point was the site of a sewage outfall release for the Coffs

Harbour district.

)

western ridge si e

m

100m

Figure 8: Map of Korffs Islet. Boxes indicates study sites.

/
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The southern exposed comer of Korffs Islet is a cobble/boulder habitat with tall,

dispersed stands of the macroalgae Ecklonia radiata. Under this canopy are sponges,

tunicates, compound ascidians and a range of algal species. On the sheltered western and

northern sides of the island the Ecklonia beds are very dense, growing on a substrate of

small to large boulders. Under the macroalgal canopy, the red algae Amphiroa anceps is

present in large clusters along with a diverse range of other red and green algal species.

Sponges, colonial hydroids and colonial and solitary ascidians are also common

throughout the area. Patches of coarse carbonate sediments and, at depth in excess of 10

m, finer carbonate sediments are present.
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Western Ridge of Korffs Islet

Study site

The western ridge site of the Korffs Islet was on the most sheltered north facing slope of

the western subtidal ridge (Figure 8). The rocky reef was surrounded by several large

boulders with encrusting algae. The site is dominated by a dense stand of Ecklonia

radiata and associated mixed algal understorey, which was, intern dominated by the red

corall ine algae Amphiroa anceps. In shallow depth, green algae species are common

including several species of Caulerpa. Colonial hydroids, ascidians and very small

sponges occupied the substrate also. At the site used for the deployment of ASU

experiments (Chapter 4), the area was a rocky out crop which ended as a half a metre

drop to a patch of coarse carbonate sediments which consisted of predominately shell

matter.

Southern site of Korffs Islet

Study site

The Southern site at Korffs Islet was a cobble/boulder area. Large sponges, compound

ascidians and tunicates are common on rocks. The site is dominated by sparse forest of

Ecklonia radiata, which have long stipes and short lamina. Amphiroa anceps and

encrusting red algae formed. the dominant algae understorey.
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2.2 Description of artificial sampling units

2.2.1 General units

Artificial substratum units (ASUs) chosen for experiments were based on five units

previously used in the literature and one novel unit (shower poofies). Each unit was

selected for this study to provide a different habitat architecture as a low turfing or

upright structure, which was either filamentous or complex, and offered a closed and/or

open space.

Astro turf has previously been used by Kelaher (2002; 2005) in intertidal studies of

mobile invertebrates. Astro turf units are a low turfing algal mimic that tends to

accumulate a layer of sediment within the matt filaments (Kelaher, 2002). Plastic kitchen

scourers are one of the most widely utilized artificial substrate units (Myers & Southgate,

1980; Gee & Warwick, 1996; Dahl & Dahl, 2002; Smith & Rule, 2002; Rule, 2004; Rule

& Smith, 2005). Plastic kitchen scourers have been used for a range of experimental

purposes as: model subtidal island habitats (Schoener, 1974); coralline algae mimics

(Myers & Southgate, 1980); and as general complex habitat space for recruitment of

fauna (Gee & Warwick, 1996; Smith & Rule, 2002; Rule & Smith, 2005). Kelp holdfast

mimics were one of the earliest artificial substrate units developed (Gheladi, 1971). A

similar designed kelp mimic has been recently used by Norderhaug et al. (2002) and

Jorgensen & Christie (2003). These units are a direct mimic of kelp holdfasts, a complex,

closed-space habitat structure.

Onion bags and rope fibre are two open-space, upright, algal mimics of different filament

textures. Onion bags were previously used in Belgian water quality studies (De Pauw et

al., 1986) to hold a number of other materials rather than in a clustered bundle as tested

here. Rope fibre was extensively tested by Edgar (1991 a, b) and Edgar & Klumpp (2003)

to understand various ideas of colonization, spatial scales and productivity of invertebrate

assemblages.
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To date, there are no published studies using Shower poofies as ASUs and, indeed, are a

recent commercially developed product. Shower poofies are a complex habitat with a

large interstitial space in the folded outer margin and dense inner structure. Each of these

ASU types are described in full below.

2.2.2 Construction of artificial substrate units (ASUs)

2.2.2.1 Astro turf (Astro)

Astro turf ASUs were 20 x 15 em rectangular pieces of commercially manufactured

synthetic grass (Figure 9). The green polyurethane filaments of the Astro turf were 20

mm high and approximately 5 mm wide. These filaments are sown into a black woven

base matting. A small slit was made in each of the four comers where cable ties were

threaded through for attachment to racks.

Figure 9: Astra turf - artificial substrate unit (10 cm x 15 cm), synthetic grass.

Table 1: Habitat architecture variables for ASU types measured in millilitres.

Surface Area

Interstitial Volume

Onion Poofie Scourer Rope

19.1 20.7 13.4 41.6

147 410 141 204

Astro

40.3

251

Holdfast

31.4

72
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2.2.2.2 Kitchen scourers (Scourer)

Kitchen scourers were manufactured under the 'Tuff brand (Figure 10). The scourers

were woven polyurethane strips approximately 1.5 mm wide. The woven mesh formed a

tube shape with a rubber band sealing it at one end. This tube was rolled into a circular

bundle with an average diametre of 8 cm and a width of 2 cm. The artificial unit

consisted of two individual red scourers cable-tied together through the centre to form

one unit. A cable tie was then placed through the rim of the two units and used for

attachment to racks.

Figure 10: Kitchen scourers - artificial substrate units (8 cm), two individual scourer cable-tied through

the centre to form one unit.

2.2.2.3 Mimic holdfasts (Holdfasts)

Holdfasts consisted of two components: 1) a small clear round polyurethane 'takeaway'

container, 8 cm diametre by 7 cm height, with lid; and 2) sisal rope that was placed inside

the container (Figure 11). Twenty-two small access holes for fauna were haphazardly

melted into the container using a soldering iron. Holes were of four approximate sizes: 3

mm diametre (4 per unit), 6 mm diameter (6 per unit), 10 mm (9 per unit) and 20 mm

diametre (3 per unit). Sisal rope placed inside the containers was a single 30 cm length of
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12 mm wide, untreated hemp fibre. The three strands that formed the cord were unwound

and one of the strands was frayed to form a more textured internal holdfast mimic. The

lid of the container was secured in place by a small amount of non-toxic marine glue and

two cable ties which also secured the holdfast structure to the rack.

Figure 11: Holdfast mimic - artificial substrate unit (8 cm diametre x 7 cm height), filled with sisal rope.

The holes melted into the side of the container allow access into the unit.

2.2.2.4 Onion bags (Onion)

Onion bags were a red polyurethane netted material (Figure 12). The melted end of

plastic that formed the enclosed end of the bag was removed so the netting formed a tube

approximately 30 cm long. The netting was a 0.5 mm plastic line connected as a 15 mm

diamond mesh. A bundle of 14 bags were cable-tied around the middle, then folded in

half and cable-tied a second time to hold the structure as a 12 - 15 cm bunch. A third

cable tie was passed through the middle cable tie and used to secure the Onion bags to the

rack.
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Figure 12: Onion bag - artificial substrate unit (12- 15 cm height), 14 onion bags folded and bundled

together as a single unit.

2.2.2.5 Rope fibre (Rope)

Rope fibre ASUs were a synthetic rope ('Zenith' brand) 20 mm wide, that was cut into 30

cm sections and completely unwound (Figure 13). The strands that made the cord were

thin filaments 3 mm wide. The bundle of rope was cable-tied around the middle, then

folded in half and cable-tied a second time to hold the structure as a 12 - 15 cm bunch. A

third cable tie was passed through the middle cable tie and used to secure the rope fibre to

the rack.

Figure 13: Rope fibre - artificial substrate unit (12 - 15 cm height), cluster of synthetic zenith rope.
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2.2.2.6 Shower poofies (Poofies)

Shower poofies ("Sponge it" Homeliving Beauty Essentials brand) were a white

polyurethane netting material (Figure 14). The poofie consisted of a 50 cm tube of 0.5

mm, 10 mm mesh diamond netting. The tube of mesh was folded 10 cm wide and

secured in the middle by string. The structure naturally formed into a ball shape, with

many complex folds. The middle string was replaced by a cable tie to firmly secure the

netting and a second cable tie was passed through the middle tie to secure the structure to

the rack.

Figure 14: Shower poofie - artificial substrate unit (10 cm diametre), ball of fine mesh netting.

2.2.3 Mass and colour standardization

A limited number of studies have investigated the influence of colour on amphipod

communities using artificial substrates. In laboratory and field experiments Hacker &

Steneck (1990) found brown habitats were favoured when compared with green and

white habitats, with no statistical difference between the latter two colours. Aikins &

Kikuchi (2001) found no difference in preference between blue and green flagging tape

for four species of amphipod. Another investigation of red, blue and yellow scourers in
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Antarctic waters found no differences in communities with different colour units

(Richardson, unpublished). Potentially, some colour choices may be more important than

others and/or preference may vary between amphipod species. However, more research

is required to adequately answer these questions. An orthogonally designed experiment

would be best to further determine the competing importance of habitat architecture and

habitat colour. The effect of colour on amphipod substrate choice was not tested in this

study.

The mass of each sampling unit was standardized to 60 g of materiaI. This was based on

the mass of shower poofies as they were the largest unit that was manufactured to a

specific size. Scourers were smal1er individual units of a set manufactured size and

therefore several could be tied together!o reach the desired mass. All other units were

easily constructed'to a required mass.

Colour was one of the more difficult variables to standardize for this project and was

constrained by commercial availability. As one of the outlined aims of the project was to

use ASUs that were readily available and inexpensive, units that were difficult to procure

or not available in requested quantities were avoided. Colour selection was limited to

white, red or green materials. Astro turf was only available in green. Shower poofies,

despite being available in red were predominately manufactured and commercially

available in large quantities in white, as was the case with the synthetic rope fibre. Onion

bags and kitchen scourers were available in a range of colours with red being the most

widely produced; therefore red units were chosen for this study.
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2.2.4 Habitat architecture

The surface area of the ASU types was calculated using a 10% solution of the surfactant

Tween 80 in 5% ethanol (Connor & McCoy, 1979). This coated the units in a thin film

of liquid. By measuring the amount of fluid in a container before and after submerging a

unit, the difference in the fluid level was equated to the surface area of the unit. This

process was repeated several times and the average measurement used for each unit

(Table 1).

Overall canopy volume and interstitial volume was calculated using the water

displacement method (following Hacker & Steneck, 1990; Smith, 1996). This method

uses a bucket with a spout at the top and a measuring beaker placed below the spout. The

bucket is filled with water to the lip of the spout. A unit is submerged in the bucket and

the overflow is collected in the beaker. The amount of water displaced by the unit is

equal to its "canopy" volume (Table 1).

Interstitial volume is a measure of the spaces in between the filaments and branches of a

structure. Interstitial volume was calculated from the difference between the water

displaced by a unit when it is tightly compressed and submerged, and the displaced water

from a submerged uncompressed unit (i.e. canopy volume) (Table 1). Units were

compressed by placing them in a thin plastic bag and manually squeezing air from the

unit. In the case of the Astro turf mats, the units were tightly rolled. Uncompressed units

were similarly placed in a plastic bag that was sealed around the unit without applying

pressure.

60



General methods

2.2.5 Deployment racks

ASUs were cable-tied to metal racks for efficient deployment (Figure 15). Using racks for

ASU deployment reduced underwater working time and meant ASUs for each location

could be deployed in a single dive. Racks also provided a secure benthic attachment

point for the large number of replicates used. Racks were 1 x 1.5 m panels of galvanized

iron fencing mesh. Mesh grids were 3 x 2 x 5 gauge, that is, three inch by two inch

rectangles formed by 5 mm thick iron rods (the combination of imperial and metric

measurements a curious industrial discrepancy, Eastlands Metals assistant, pers. comm.).

ASUs were haphazardly placed in positions on each rack. Each ASU unit was

sufficiently spaced so as not to be in contact with another unit. Four or five racks were

used for each location, depending on experimental replicates required.

Figure 15: Artificial substrate unit racks (1 x 1.5 m) containing haphazardly placed ASUs.
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2.3 Field and laboratory methods

2.3.1 Deployment and collection of samples

The Solitary Islands region is often subjected to severe storms and large sea conditions

and, as such, careful consideration was given to the deployment sites for ASU racks.

Previous work by Rule (2004) in the region had shown that loss of experimental racks

was a high probability at some locations, and local knowledge from these experiences

about water turbulence and currents was used when choosing deployment sites.

All racks were deployed using a team of 3 SCUBA divers, with racks installed in a single

dive at each site. Rock-climbing pitons were driven into cracks and crevices in the

substrate with 3-4 pitons used to secure each rack. To secure racks to the pitons, 1.5 mm

malleable galvanized iron wire was threaded through the eyelet of the piton and the last

quadrant of the fencing mesh, with 3 - 4 loops passed between structures before being

tied off by twisting the wire ends together using pliers. Spaces between the corners of the

racks and their respective tied piton were kept to a minimum for stability, but were

limited by availability of crevices in which pitons could be positioned.

Racks were installed horizontal or near horizontal, and in contact with the natural

substrate as much as possible. This followed findings by Smith & Rule (2002) that

indicated structures in contact with the benthos recruited an assemblage more similar to

natural habitats than raised items. In kelp forested areas, stipes and laminae of kelp,

plants were removed to make room for the racks but holdfasts were left in place.

Removal of these algal super-structures was unavoidable to ensure adequate installation

of racks. Removal of the holdfast structure as well was considered a removal of a

potential source of recruits. A small buffer area immediately around the racks was also

cleared of stipes and laminae to avoid physical interference of these structures with

ASUs.
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As ASUs were deployed at the same time but collection times were staggered, a random

numbers table was used to allocate which replicates of each ASU type from each site

would be collected for a given sampling period. ASUs and natural habitat samples were

collected using the "butcher's bag" method: a plastic bag was placed tightly over the unit

and cable tie cut using a pair of box head snippers; a descriptive label was placed in the

bag which was then sealed. Care was taken not to lose any fauna during this process or to

disturb ASUs still remaining on racks. Samples were then transported to the laboratory

and fixed in a 10% solution offormalin and seawater. All collection work was conducted

under the New South Wales Fisheries Permit no. POl/0048.

2.3.2 Laboratory method

In the laboratory, samples were submerged in a bucket of fresh water and dismantled.

This water was then passed through a 1 mm sieve and sieve contents washed into a

sorting tray (following Smith & Rule, 2002). The ASU was then placed in a second

sorting tray and examined for any remaining fauna. In most instances plastic material

could be cut or unwound, to examine all surfaces. Organisms were removed from sorting

trays using fine forceps and placed in specimen jars with 70% ethanol. During this

sorting process gammaridean amphipods were placed in one jar and all other taxa in a

second jar (for future study not within the scope of this project).

Amphipods were identified to species level under a compound microscope.

Identifications were made using a number of Delta interactive keys that were either

available on the internet from crustacean.net (Lowry & Springthorpe, 2001 - onwards) or

from databases that are a work-in-progress (supplied by Dr 1.K.Lowry, Australian

Museum) and appropriate literature.

In some instances, specimens were not able to be identified to species level. Small

numbers of a particular species comprised of only damaged specimens meant full
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taxonomic identification was not possible. In these cases, identification was made to the

lowest taxonomic level and a number assigned.

New species collected during this project were described (see section 7.1). However not

all new species could be taxonomically treated. Some undescribed species belonged to

groups that required taxonomic attention which was beyond the time and scope of this

project. For example, the Australian fauna in the Podoceridae contains several poorly

described species for which type material has probably been lost (see Lowry & Stoddart,

2003). For these species identification remains at the genus level and a number was

assigned. For instances where a species was thought to belong to a larger species

complex, the binomial species name was given to infer the relationship and cf.. used to

denote its tentative allocation.

2.3.3 Taxonomic note

At the commencement of this study the Caprelloidea were considered a separate

superorder to the Gammaridea, and the Corophioidea a superfamily within the

Gammaridea. Original research objectives were defined to investigate gammaridean

amphipods, the most prolific suborder, which hence eXcluded the caprellidean fauna and

included the corophioideans.

Since completion of experimentation, re-evaluation of the taxonomic placement of the

caprelloideans and corophioideans has taken place. Myers & Lowry's (2003)

phylogenetic analysis of the corophiideans now considers the Caprellida an infraorder of

the superorder Corophiidea Leach 1814, new status established there in. Given the time

limitations of this Ph.D., retrospective inclusion, with taxonomic identification and

analysis, of the faunal component now considered under the Caprellidae was not possible.

Further, it was decided inappropriate to remove the corophiidean fauna altogether, hence

only analysing the Gammaridea sensu stricto, as the Corophiidea (excluding the
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Caprellidae) were already recognised as an important part of the amphipod assemblages

collected.

Therefore, the classification changes made by Myers & Lowry (2003), although accepted

here, were unable to be incorporated into some aspects of this project. All reference to

amphipod assemblages within this thesis refer to the older classification of the

Gammaridea. However, taxonomic classification and listings follow those published by

Myers & Lowry (2003). In contemporary terms this project assesses the Gammaridea

and Corophiidea excluding the family Caprellidae.
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2.4 Statistical methods

A number of univarite and multivarite analyses were used to explore the data collected as

part of this project and an outline of the concepts surroundings these methods are briefly

given below.

Univariate analysis of variance (ANOVA)

This method is used to analyse differences between assemblages based on species

richness, the total number of individuals, and taxonomic distinctness, a measure of the

average taxonomic path-length between species, a measure of biodiversity (Clarke &

Warwick, 1998).

Average and Variation in Taxonomic Distinctness

These biodiversity analyses are use to assess how representative a samples is of the large

data set. Average taxonomic distinctness is a measure of the average distance of a

taxonomic path-length between all of the species present in an assemblage, and variation

in taxonomic distinctness is a measure of the variance associated with this mean value

and, therefore, reflects the evenness of the distribution of species across the taxonomic

tree for the assemblage (Clarke & Warwick, 1998).

Non-parametric Multidimensional Scaling (nMDS)

This procedure is used as a preliminary observation tool, were data is displayed as a

ordination (ClarKe & Gorely, 2001). The plot is randomly generated from a similarity

matrix and in this way is a presentation of the randk order of distances between data

points as calculated by a Bray-Curtis coefficient. Stress values of the ordination are given

to assess how well the spacial ordination represents the rank order of data points.
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Index of Multivariate Dispersion (IMD)

This procedure is applied to a priori nominated groups and compares the average rank of

similarities between them. Drawing from similarity matrix the index in this way gives a

relative measure of the variability of samples within a group.

Analysis of Similarity (ANOSIM)

Analysis of Similarity is a non-parametric permutation is a multivariate method

comparable to ANOYA and is a procedure that is used to test for differences between a

priori identified groups. The test is applied to the rank similarity matrix and tests

hypothesis both through comparison within and between-group variation. Results are

given as a global ANOSIM-test (Global R) with significance value and corresponding

pairwise analyses.

Permutational multivarite analysis of variance (pERMANOVA)

This statistical approach is a non-parametric method of analysis based on the distanced of

sums of squared distances and is used for testing the simultaneous response of one or

more variable to one or more factors in an ANOYA experimental design, using

permutation methods (Anderson, 2001). This analysis expands on other non-parametric

analyses as it allows partitioning of variation, which has greatest application to more

complex ecological data sets.

Similarity Percent breakdowns (SIMPER)

Application of this method is used to follow up significant results revealed by either

ANOSIM or PERMANOYA and is used to elucidate those species responsible for

observed differences between groups based on similarity percentage breakdown between

two factors.
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CHAPTER THREE

Variation in amphipod assemblages with depth

3.1 Introduction

Water depth is one of a range of factors known to affect subtidal communities (Gallahar

& Kingsford, 1992; Lawton, 1999). The precise influence of depth on communities is

difficult to quantify, as depth co-varies with other important factors such as light

intensity, sedimentation and water movement (Smith, 1996). Along a depth gradient,

benthic habitats, including habitat-forming sessile invertebrates, change in response to

conditions and these changes in habitat type, in turn, influence epifaunal assemblages

(Choat & Schiel, 1982: Taylor & Cole, 1994; Edgar, 1983a).

In general, shallow depths are characterised by high water movement and substrates

support mobile and sessile filter feeding fauna which rely on water movement to

passively feed (Edgar, 1983a: Edgar & Moore, 1986). As water movement reduces with

increasing depth, sedimentation increases favouring deposit feeders (Fenwick, 1976;

Edgar & Moore, 1986). Increasing depth is also associated with a decrease in nutrient

levels and this has been used to explain observed decreases in abundance of epifauna

with depth (Edgar, 1983a; Taylor & Cole, 1994).

The majority of studies investigating depth have measured faunal assemblages in terms of

abundance, finding depths of peak faunal abundance highly variable across exposures and

locations (Fenwick, 1976; Taylor & Cole, 1994). Along a depth gradient of 0 - 6 m

Edgar (1983c) found a greater abundance of fauna at 2 m, from comparisons across 23

different species of algae. Along a greater depth range (0 - 15 m), Taylor & Cole (1994)

found that the abundance of fauna in Ecklonia radiata holdfasts increased at 6 m depth

with a second peak at 15 m. Similarly, Gallahar & Kingsford (1992) recorded a bimodal

peak in abundance at 9 and 14 m for canopy fauna ofEcklonia radiata.
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Although shifts in faunal abundance are well-documented with depth, only a limited

number of studies have investigated change in species richness with depth for epifaunal

communities. Fenwick (1976) investigated amphipod assemblage across depth and

exposure, categorizing depth as a continuum of water movement conditions, from

extreme water movement at shallow, exposed sites to low water movement at deep,

sheltered sites. Species richness increased from extremely exposed to moderately

exposed sites, and then decrease with more sheltered conditions, with the highest

amphipod species richness recorded between 4 - 7 m at a site of intermediate exposure

(Fenwick, 1976).

In a different approach to catagorizing assemblage with depth, Krapp-Schickel (1993)

investigated whether amphipod epifauna adhere to 'critical zones,' that is, zones

demarcated by changes in water movement (surf zone, oscillation zone, drift zone), which

are associated with increasing depth. Krapp-Schickel (1993) sought to determine

whether a transition from one critical zone to the next could also be observed as a change

in amphipod assemblage, and across sites of different exposure or current movement.

Despite several confounding design problems with this study, with no replication or

appropriate standardization of sampling effort and a number of different algal habitats

used across sites and depth, the 'semi-quantitative' results indicated amphipod

assemblages varied across 'critical zones', with more amphipod species at 10 - 20 m than

at 0 - 5 m across all sites.

In the Solitary Islands, Smith (1996) investigated Ecklonia radiata holdfast communities

across 2 - 6 m, found that the morphology of holdfasts and their sediment content covary

with depth and either of these factors may cause a significant depth effect. Other work by

Rule (2004) investigated variation in invertebrate assemblage over 3 depths (8, 16, and 24

m), using pot scourer artificial substrate units (ASUs), finding each depth supported a

distinct assemblage that was recognisable through time, based on both abundance and

species richness measures.
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As part of developing an efficient method for assessing amphipod biodiversity, this experiment

sought to investigate the variation in amphipod species richness with depth. The results of this

pilot study would be used to determine the deployment depth of ASUs in future experimentation

aimed to maximize collecting potential of ASUs for the rapid assessment of amphipod

biodiversity. The aim of this experiment was to identify the depth with the highest amphipod

species richness. Although previous studies in the region indicate that most species occur across

a number of depths, average taxonomic distinctness values, a measure of the taxonomic

distribution of an assemblage across the Linnean hierarchy, were used to verify that no major

shift in the taxonomic composition was occurring in assemblages with depth (Edgar, 1983a;

Smith, 1996; Rule, 2004).
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3.2 Methods

3.2.1 Study site and experimental design

A 3-factor, orthogonal model was used to investigate differences in amphipod assemblage on

Amphiroa anceps for the factors: location, (Split Solitary and Korffs Islet - random factor);

exposure, (sheltered and exposed, - fIXed factor); and depth (six depth levels - fixed factor).

Data from Ecklonia radiata holdfasts were analysed using a 2-factor orthogonal design with

exposure, (sheltered and exposed - fixed), and depth (six depth levels - fIXed factor). The six

depth levels sampled in the experiment were at two metre intervals across a depth gradient of 4 

14 m, sampling at 4,6,8,10,12 and 14 m depths. 14 m was the lower, consistent extent of algal

habitats at sites investigated.

Turtle Cove

100m

\
,.J

S
Cod Rock I Split Solitary I

Figure 1: Map of study sites, blue boxes represent study sites. Arrow indicates prevailing wind direction.
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3.2.2 Field work and laboratory method

Algal collections were made over eight dives on SCUBA between June and September 2002,

with poor weather contributing to the protracted collection period. During the field collection of

samples, size of algal replicates was standardized as much as possible. Approximately 60 grams

ofAmphiroa anceps was collected from clumps to form a single replicate. Amphiroa anceps was

collected by pulling tufts of algae away from substrate by hand and placing them into a bag.

The Ecklonia radiata holdfasts sampled were medium sized units of approximately 200 ml

volume. To collect the holdfasts, the stipe and canopy of the kelp was removed and a long dive

knife was used to pry the base of the holdfast free from the substrate, with care taken to maintain

the holdfast structure as a single, solid clump (Smith, 1993). A sampling bag was placed over the

holdfast as it was pried from the substrate to reduce any loss of fauna as the holdfast was

removed. Four replicates where collected from each sampling depth.

In the laboratory, samples were fixed using a 10% formalin solution. Samples were processed

by washing through a 1 mm sieve and were subsequently rough sorted. Specimens removed

from algae were place in 80% ethanol and later identified to species (for more detail see section

2.3 of General methods).

3.2.3 Statistical method

Results were initially graphed as mean species richness of amphipods across depth to observe

trends. Univariate analyses were then used to examine amphipod assemblages across all factors

using the Minitab software package (Minitab, 1996). Analyses explored differences in amphipod

assemblages as determined by two variables: species richness and taxonomic distinctness.

Species Richness is a direct count of the number of species. Taxonomic distinctness gives a

measure of the average taxonomic path-length between species, and is a measure of biodiversity

(Clarke & Warwick, 1998). This index was used to confirm that no major variation in the

distribution of species within the taxonomic hierarchy was occurring between factor levels. A
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significant difference in taxonomic distinctness would imply a change in complexity of gross

structure, indicating that the species composition of amphipod has changed considerably.

Cochran's test was used to check for homogeneity of variance before univariate analysis and,

where appropriate, data were log transformed to improve homoscedasticity.
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3.3 Results

A total of 6,440 individuals, representing 63 species of amphipod, were recorded from samples

of the two algal species. Of these, 54 amphipod species were recorded from Amphiroa anceps

and 48 amphipod species from Ecklonia radiata holdfasts. There were 40 amphipod species

occurring as shared fauna on both algal habitats with 14 species occurring exclusively on

Amphiroa anceps and 8 species on Ecklonia radiata holdfasts. Of the species which were found

only on Ecklonia radiata holdfasts, several were most likely associated with secondary habitats

found within the holdfast matrix such as sponges and sediment deposits (Polycheria cf.

antarctica (Stebbing 1875), Leucothoe commensalis, Waldeckia sp.) (Smith, 1996).

3.3.1 Amphiroa anceps

On Amphiroa anceps, trends in species richness were different across sites and locations (Figure

2). At the sheltered site at Split Solitary, amphipod species richness showed bimodality, peaking

at 4 m and again at 10m, before decreasing, with the lowest species richness at the deepest depth

(14 m). At the exposed site at Split Solitary, species richness was low across all depths with no

real peak in species richness and only a slightly higher species richness at the shallower (4 - 6 m)

depths, therefore showing an overall decline in species richness with depth. For the sheltered

site at Korffs Islet, species richness was highest at the greater (10 - 14 m) depth levels, peaking at

10- 12 m. At the exposed site at Korffs Islet, species richness was low until 10m depth where it

peaked, remained high at 12 m, then decreased at 14 m.
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Amphiroa anceps
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Figure 2: Mean species richness (±SE) of amphipods on Amphiroa anceps from 4 - 14 m depth for sheltered and

exposed sites at Split Solitary Island and Korffs Islet.

At the sheltered site at Split Solitary there was little to no difference in taxonomic distinctness

between depths, while at the exposed site taxonomic distinctness was consistently high between

4 - 10m, then decreased at 12 m, before increasing once more at 14 ill, indicating a lower

taxonomic spread of assemblages at the 12 m depth level (Figure 3). At the sheltered site at

Korffs Islet the taxonomic distinctness was lowest at 6 m but similarly high at all other depths.

At the exposed site at Korffs Islet taxonomic distinctness was high at 4 m but decreased at 6 and

8 m then increased to a high level again across 10m to 14 m.

The results of the three-way ANOVA revealed a significant difference in species richness for all

factors including the interaction between location x exposure x depth (Table 2). This result

indicated that all three factors influenced species richness and that differences in species richness

with depth were variable between exposure and across locations. Taxonomic distinctness also

showed significant difference for the three-way interaction of location x exposure x depth,

indicating that, for Amphiroa anceps, the taxonomic complexity of assemblages with depth also

varied between exposure and across location (Table 2).
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Figure 3: Average taxonomic distinctness (±SE) of amphipods on Amphiroa anceps from 4 -14 m depth for

sheltered and exposed sites at Split Solitary Island and Korffs Islet.

Following the significant 3-way interaction for species richness and taxonomic distinctness, data

were analysed separately for each location and further analysed. A two-way ANOVA of

exposure and depth showed a significant interaction between factors at both Split Solitary and

Korffs Islet (Table 2). This result further identified that differences in species richness across

depth was variable across exposures.

Table 1: Summary results of the 3-factor ANOYA of diversity statistics for amphipod fauna on Amphiroa anceps.

***PsO.001; *PsO.05; ns, P>O.05.

Species richness Taxonomic distinctness

Source of variation df P P

Location * ns

Exposure *** ns

Depth 5 *** ns

Location x Exposure *** ns

Location x Depth 5 *** ns

Exposure x Depth 5 ns *

Location x Exposure x Depth 5 *** *
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At Split Solitary species richness was consistently higher at the sheltered site than at the exposed

site (Figure 2). At Korffs Islet there was less difference in species richness between the sheltered

and exposed sites, with both exposures recording their highest species richness at 10 - 12 m

before declining in species richness at 14 m (Figure 2). Overall, Split Solitary supported more

species at shallow depths while Korffs Islet supported more species at deeper depths.

The two-way ANOVA of taxonomic distinctness for Split Solitary showed no significant

interaction between factors, but significant differences with exposure, and with depths. At the

sheltered site at Split Solitary, taxonomic spread of assemblages was similar at all depths except

at 14 m, where it was slightly greater. At the exposed site at Split Solitary, there was a higher

taxonomic spread at shallow depths (4 - 10m). For Korffs Islet the two-way ANOVA for

taxonomic distinctness showed a significant interaction for exposure x depth, indicating that the

taxonomic spread of assemblages across depths varied with exposure. At the sheltered site at

Korffs Islet, taxonomic spread of assemblages was similarly high across all depths except 6 m

where taxonomic distinctness was lower. At the exposed site at Korffs Islet taxonomic spread of

assemblages was high at 4 m as well as at greater depth (10 - 14 m), but lower at intermediate

depths (6 - 8 m). Overall, Split Solitary had a consistently higher taxonomic spread at shallow 4

- 10 m depth, and lower at greater depths (12 - 14 m), while at Korffs Islet, the taxonomic spread

of assemblages was lower at intermediate depths (6 - 8 m).

Though further analysis of data was possible (analysing depth for each exposure within location),

further a posteriori analysis were not pursued, as trends of species richness across depth were

apparent (Table 2 - 3, Figure 2). The species richness and taxonomic distinctness of amphipod

assemblages were seen to vary significantly across depth, however these trends were inconsistent

across exposure and location.
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Table 2: Summary results of the 2-way ANOYA of diversity statistics for amphipod fauna on Amphiroa anceps.

***P~O.OOl; *P~O.05; ns, P>O.05.

Split Solitary Korffs Islet

Species Taxonomic Species Taxonomic

richness distinctness richness distinctness

Source of variation df P P P P

Exposure *** * ns ***

Depth 5 *** * *** ***

Exposure x Depth 5 * ns * *

Despite there being no clear trend in amphipod species richness on Amphiroa anceps, 4, 10 and

12 m depths were identified more than once as a 'peak depth'. Overall, 10m was the most

common peak depth, identified at three sites (Table 3). Taxonomic distinctness was also

consistent at 10m across all sites and was at the higher end of values recorded in this

experiment, indicating a high level of taxonomic spread of assemblages.

Table 3: Summary of 'peak depths' in amphipod species richness for Amphiroa anceps. Bold text indicates the most

consistent peak depth across study.

Location Site Initial peak Secondary peak

Split Solitary Sheltered 4m 10 m

Exposed 4m 6m

Korffs Islet Sheltered 10 m 12 m

Exposed 10 m 12 m
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3.3.2 Ecklonia radiata holdfasts

Trends in amphipod species richness on Ecklonia radiata holdfasts were variable between the

sheltered and exposed sites at Korffs Islet (Figure 4). At the sheltered site, species richness was

lowest at shallower depths, 4 - 8 m, and highest at the greater depths, 10 - 14 m. Species

richness peaked bimodally, frrst at 10m, then maintained high values at 12 m, peaking again at

14 m (Figure 4). For the exposed location, species richness was also higher at greater depths.

Species richness was lowest at 4 - 6 m, then increased markedly and peaked at 8 m before

decreasing at 10 - 14 m but maintaining a species richness similar to that recorded at shallower

depths. For taxonomic distinctness, assemblages on Ecklonia radiata holdfast showed little to

no variation across depth or exposure (Figure 5).

The two-way ANOVA of species richness showed significant effects for site, depth and for the

site x depth interaction (Table 4). The sheltered site of Korffs Islet maintained a higher species

richness than the exposed site across all depths, with the exception of the 8 m depth level. Depths

greater than 8 m tended to support a greater species richness.

Ecklonia radiata holdfast
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Figure 4: Mean species richness (±SE) of amphipods in Ecklonia radiata holdfasts from 4 - 14 m depth for

sheltered and exposed sites at Korffs Islet.
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Ecklonia radiata holdfast
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Figure 5: Average taxonomic distinctness (±SE) of amphipods in Ecklonia radiata holdfasts from 4 - 14 m depth

for sheltered and exposed sites at Korffs Islet.

Table 4: Summary results of the 2-way ANOYA of diversity statistics for amphipod fauna on Ecklonia radiata

holdfasts. ***PsO.OOl; *PsO.05; ns, P>O.05.

Species richness Taxonomic distinctness

Source of variation df p p

Exposure

Depth

Exposure x Depth

5

5

*
***

*

ns

ns

ns

Again, though further analysis was possible (analysing depth separately at each exposure) fmer

analysis of data was not pursued as results of trends in species richness with depth were evident

(Table 4, Figure 4), with a low species richness at shallow depths and the highest overall species

richness at the 8 - 14 m depths at both sites.
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For taxonomic distinctness, the two-way ANOVA showed no significant differences in

assemblage for the interaction or for either factor, indicating that amphipod assemblages were of

similar taxonomic spread across depths and for exposure (Table 4).

On Ecklonia radiata holdfasts, 8,10 and 14 m were identified as 'peak depths' of species

richness. In particular, 10m depth supported a high species richness at both sheltered and

exposed sites and had a comparatively greater taxonomic spread with other depths (Table 5).

Table 5: Summary of peak depths in amphipod species richness for Ecklonia radiata holdfasts. Bold text indicates

the most consistent peak depth across study.

Location Site

Korffs Islet Sheltered

Exposed

Initial peak

10 m

8m

Secondary peak

14 m

10 m
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3.4 Discussion

Results from this study show that although species richness of assemblages changes with

depth, the patterns of change are unpredictable and differ between location and exposure.

The depth of peak species richness for amphipod assemblages was variable, with several

sites showing a bimodal peak (Figure 17; 19). Though species richness trends were

inconsistent across sites, 10m was the most frequently highlighted 'peak depth' for both

natural habitats ofAmphiroa anceps and Ecklonia radiata holdfasts (Table 4; Table 6).

High levels of variability in assemblages across site and depth have been reported in

several other studies investigating marine invertebrate communities (Taylor & Cole,

1994; Watson & Barnes, 2004; Rule, 2004). Comparison with other works are difficult,

however, as most studies reporting on depth effects focus on abundance-based measures

of faunal communities and therefore comparisons are confounded.

In the few studies which have included species richness measures, results have similarly

shown high variation with site. Over a similar small spatial scale, Gallahar & Kingsford

(1992) found a significant site by depth interaction for Ecklonia radiata canopy fauna,

with exposed and sheltered sites located 250 m apart. Kennelly & Underwood (1992)

found significant interaction across all spatial scales within and between sublittoral

Ecklonia radiata communities at four, more southerly, New South Wales locations than

the Solitary Islands.

At two different locations in the Solitary Islands, Rule (2004) also found patterns of

species richness along a depth gradient to be variable with site for North Solitary and

South Solitary Islands. Rule (2004) found that the largest source of variation was within

replicates (racks 10m apart), identifYing that smaller spatial scales provided the highest

levels of variation. Results from this experiment also showed variation within location

across relatively small spatial scales (~ 250 m). Differences across smaller spatial scales

(10- 100s m) are becoming increasingly recognised as providing high variation in spatial
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studies (Fraschetti et al., 2005). Such small scale spatial variability, is now being seen as

patchy distributions in response to numerous local factors, rather than non-specific

background noise (Fraschetti et al., 2005). In future studies, greater replication at finer

levels may assist in better understanding the dynamics of these algal communities.

Life History

Variation in assemblage with water movement, from both depth and exposure, is often

explained in terms of life history strategy (Fenwick, 1976; Edgar & Moore, 1986; Krapp

Schickel, 1993). In the shallow-water exposed conditions, assemblages are dominated by

amphipods with grasping appendages, which tenaciously cling to algae to avoid

mechanical drag. These taxa include ampithoids, caprellids, hyalids and podocerids

(Dommasnes, 1968; Fenwick, 1976; Edgar, 1983a; Wakabara et aI., 1983; Krapp

Schickel, 1993). In the less turbulent conditions, sediment and detritus accumulate and

amphipods including tube-dwellers such as Cerapus sp. and Ischyrocerus sp., are found

(Fenwick, 1976; Moore, 1978; Edgar & Moore, 1986).

In this study, pattern of life history of amphipod across depth agree with distributions

found in the above studies. Hyalids, ampithoids and ischyrocerids were present in

shallower depths (4 - 10 m) Ericthoniusforbesii Hughes & Lowry 2006 (tube-dweller)

occurred in depths >6 m and melitids such as Mallacoota malua Lowry & Springthorpe

2005, Mallacoota euroka Lowry & Springthorpe 2005 and Quadrimaera reishi (Barnard

1979) appeared across greater depths (8 - 14 m). One distinct pattern was the presence of

Photis cf.. dolichommata Stebbing 1910 only at the 14 m depth level in Ecklonia radiata

holdfasts. Kelp holdfasts from the Solitary Islands have been extensively worked on by

Smith (1996), and in light of this work, this association ofPhotis cf. dolichommata would

more likely representing a patchy distribution rather than a depth-specific association.

The results from this study also broadly agree with previous depth studies from the

region, though comparisons with these studies is difficult, again due to the different

design parameters of each study. Smith (1996), using Ecklonia radiata holdfast, over a

more shallow depth range (0 - 6 m), found a high abundance of fauna at the 6 m depth.
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More recently Rule (2004) investigating fauna at across 8, 16 and 24 m found the greatest

species richness of amphipods at 8 m, including the genera Mal/acoota, Ampithoe and

Ericthonius. Despite the above works not being directly comparable, the results from this

study are in line with these previous findings.

Critical depth hypothesis

Most amphipod species are present across a range of conditions, and this was seen in

assemblage patterns recorded here, suggesting that most species can tolerate a range of

water movement conditions (Fenwick, 1976; Tararam & Wakabara, 1981; Wakabara et

al., 1983; Russo, 1990). Along a depth gradient many amphipod species are known to

partition across a depth range due to effects including (to name a few): predation;

interspecies competition; and intraspecific competition with size/age (Dommasnes, 1969;

Edgar, 1983a; Lancellotti & Trucco, 1993, Costantini et al., 1996). Though certain depth

levels are inferred as being optimal for species, at an assemblage level most patterns of

fidelity to a specific depth have been demonstrated through abundance and less often

explore species richness based measures of assemblage structure (Edgar, 1983a; Whorff

et aI., 1995; Smith, 1996; Rule, 2004).

The results from this study did not identify any significant shift or 'critical zones' based

on the taxonomic distinctness measures used to observe changes in taxonomic structure

of assemblages. The shallowest (4 m) depths sampled supported many amphipods, with

peak species richness at 4 m for Amphiroa anceps at both Split Solitary sites (Table 3).

However, at Korffs Islet, for both sites, the higher species richness levels occurred at

greater depths (10m), which was further highlighted as a peak depth for Ecklonia radiata

holdfast assemblages, again for both sites (Tables 3; 5).

Krapp-Schickel (1993) discussed distinct shifts and zones in amphipod assemblages

across depth gradients recognising peaks in species richness were at 10, 10 - 20 and 5 m

for the exposed, intermediate and current sites respectively. Faunal shifts identified by

Krapp-Schickel, however, often coincided with a change in algal type and, with no

replication, results of the study need to be viewed cautiously. Despite this, Krapp-
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Schickel (1993) interprets zones of water movement based on critical depths of transition

in amphipod assemblages at 5 and 10m depth, which would support the above findings

for the Solitary Islands. Interpreting results presented by Fenwick (1976), depths of peak

species richness can be seen at 4 - 7 m at exposed sites and 3 - 6 m at sheltered sites.

Thought 7 m was the deepest depth sampled for that study, Fenwick's results

nevertheless identify a similar trend of greater, as opposed to shallower, depths

portraying assemblages of higher species richness which also agree with the results of

this study.

Water movement

Overall, water movement is an important force influencing amphipod assemblages

(Dommasnes, 1969). In particular, Fenwick (1976) suggests exposure to be a dominant

source of local variation for shaJIow subtidal communities. The results of studies on the

effect of exposure support a variety of outcomes, where species richness is higher in

exposed (Conradi et aI., 2000; Watson & Barnes, 2004), intermediate (Fenwick, 1976),

sheltered (Barton & Carter, 1982; Defelice & Parrish, 2001), sheltered and exposed

conditions (not intermediate) (Hammond & Griffiths, 2004), or there is no variation in

species richness across exposure conditions (Tararam & Wakabara, 1981). Essentially

comparisons of exposure results are limited, as differences in exposure conditions in most

studies are relative and/or a value judgement. With the exception of a few studies

(Hammond & Griffiths, 2004; Barton & Carter, 1982), exposure is rarely measured

quantitatively.

In a study of macrofauna across an offshore archepelago, Hirst (2003) showed sites with

similar exposures were most similar, with fauna more consistent with exposure than algal

type. Hirst's (2003) work further supports the hypothesis that exposure plays an

important role in structuring subtidal amphipod communities. For this experiment, the

variability with site (exposure) and location for Amphiroa anceps and for kelp holdfasts,

may reflect inconsistent exposure conditions between sites. Although exposure was not

quantified, Korffs Islet is subject to more turbulent water movement than Split Solitary

(pers. obs.). Korffs Islet is also a smaller island than Split Solitary, with the sheltered
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Korffs Islet site therefore subject to more wave action than the sheltered site at Split

Solitary. Overall, there was a greater difference in water movement between the exposed

and sheltered sites at Split Solitary, than at Korffs Islet. The difference in water

movement conditions at each site may therefore have influenced the high overall

variability between site responses.

In conclusion, though many factors co-vary with depth, water movement through both

exposure and depth, is thought to be a relatively strong factor influencing conditions, and

in turn, communities over shallow depths (Dommasnes, 1968; Fenwick, 1976; Moore,

1978; Edgar, 1983a; Edgar & Moore, 1986; Gallahar & Kingsford, 1992; Hirst, 2003).

Although there was a significant site by depth interaction observed for this experiment,

the aim of the pilot study was to determine a depth of high species richness for further

experimentation. Ten metres featured most commonly as a depth of high species richness

across both habitats and locations. Therefore the 10m depth level was chosen as a

deployment depth for subsequent experimentation which, due to logistic constraints could

only be conducted at one depth.
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