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SUMMARY
The results of a detailed marine biological survey carried out between 20 April to 9 May 1997, over about 60
km of coastline off the central west coast of Western Australia, from Cervantes to Green Head, are presented.
This was the first comprehensive biological survey of the marine flora and fauna undertaken in the waters.

A preliminary analysis of the results indicates that the major benthic habitats of this area have a diverse
assemblage of marine flora and fauna. More than 400 marine species were recorded from 39 sites, including
about 9 seagrass species, 130 macroalgal species, 200 invertebrate species and 60 fish species. Some of these
specimens, particularly a number of the sponges, are possibly new to ‘recorded science’. Outstanding features
include an interesting mixture of tropical and temperate species, extensive algal and seagrass communities,
diverse invertebrate communities, particularly sponges, and a rich fish fauna.

The species diversity and primary production data will be used to provide an estimate of the relative ecological
value of different parts of the marine environment of the Jurien Bay area. This information will be used to
provide a more detailed ecological perspective of this area for the marine reserve advisory committee assisting
CALM with the implementation of the proposed multiple-use marine reserve for Jurien Bay and surrounding
waters. This survey will complement CALM’s regional survey of the major habitats types of the Central West
Coast.

The field survey was carried out as part of CALM’s Marine Reserve Implementation Programme and was co-
ordinated by the Marine Conservation Branch of CALM in collaboration with the Western Australian Museum,
Murdoch University, Edith Cowan University and CALM’s Midwest Regional and Moora District offices



2

1 INTRODUCTION

1.1 General background
This report presents the results of a field survey conducted between 20 April to 9 May 1997, to provide a
systematic and quantitative description of the marine flora and fauna of the major benthic habitats of the waters
off the central west coast of Western Australia from Cervantes to Green Head. Jurien Bay and surrounding
waters are recommended in The Report Of The Marine Parks And Reserves Selection Working Group (CALM,
1994; known as the Wilson Report) as worthy of consideration for reservation (Figure 1).

The CALM Act (1984), allows for the establishment of multiple-use marine reserves for the purposes of
conservation of marine flora and fauna and public recreation. Commercial activities, such as fishing,
aquaculture and petroleum exploration and production, are also acceptable within specific zones of multiple-use
marine reserves. Commercial and recreational fisheries in marine reserves are managed by the Fisheries
Department.

The CALM Act specifies the statutory process for the reservation of marine reserves, including a public
planning process via an advisory committee for the development of management zones that allow multiple-use
and, if necessary, for the spatial separation of incompatible activities within a reserve. In anticipation of this
consultative process, the major marine resources and current uses of areas recommended for reservation in the
Wilson Report, are being identified and mapped in a Geographical Information System (GIS) by the Marine
Conservation Branch (MCB) as part of the Marine Reserve Implementation Programme.

The formal process for considering Jurien Bay and surrounding waters for marine reservation was recently
initiated by the Minister for the Environment through the establishment of a marine reserve advisory committee
as the first step in the public consultation process. Recent broad-scale biological (Burt, 1996, Burt et al., 1997)
and oceanographic (D’Adamo, 1996, D’Adamo and Monty, 1997) field programmes conducted by the MCB in
the Jurien area, were undertaken to provide a better regional ecological perspective of these waters for input
into the consultative process.

The species diversity and primary production data collected in this survey will be used to provide an estimate of
the relative ecological value of different parts of the marine environment of the Jurien Bay area. This
information will be used to provide a more detailed ecological perspective of this area for the marine reserve
advisory committee assisting CALM with the implementation of the proposed multiple-use marine reserve for
Jurien Bay and surrounding waters.

The field survey was carried out as part of CALM’s Marine Reserve Implementation Programme and was co-
ordinated by the Marine Conservation Branch of CALM in collaboration with the Western Australian Museum,
Murdoch and Edith Cowan Universities and CALM’s Midwest Regional and Moora District offices.

1.2 Objectives

Primary objectives:
• quantify the relative species richness and abundance of the macro-benthic communities within the major

benthic habitat types;

• quantify the relative species richness and abundance of the large and non-cryptic small fishes within the
major benthic habitat types;

 
• quantify physical parameters such as water depth, seabed ‘roughness’ and sediment mineralogy within the

major benthic habitat types as a surrogate for macro-benthic species richness;
 
• quantify the relative biomass of the macroalgal and seagrass assemblages within the major benthic habitat

types as a surrogate for primary production;
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Secondary objectives:
• opportunistic collection of qualitative information (still photography and video footage) on visually

dominant marine fauna and flora;
 
• establish reference collections for each of the major phyla in the study area;

2 METHODS

2.1 Survey area
The waters of the proposed Jurien area are considered to be typical of the Central West Coast zone, one of ten
primary geomorphic coastal zones recognised along the Western Australian coast, containing excellent
examples of all the characteristic habitat types of that zone (CALM, 1994; known as the Wilson Report). This
classification is very similar to the results of a marine bioregionalistion, based on demersal shelf fish
populations, conducted by CSIRO as part the Interim Marine and Coastal Regionalisation for Australia
(Thackway and Cresswell, 1996).

Searle and Semeniuk (1985) divided the coastal environment of the Central West Coast into five distinct sectors
with the waters of the Jurien area occurring within the Wedge Island-Dongara sector. This sector of the coast is
micro-tidal, relatively high energy, with a moderately narrow shelf, clear waters and predominately carbonate
sediments. The nearshore bathymetry is complex, consisting of ridges and depressions, offshore limestone
islands with well developed shallow reef systems, extensive sand banks and several semi-enclosed embayments
(e.g. Jurien Bay). Inside the 20 m isobath there is a series of prominent, elongated, offshore limestone reefs,
more or less parallel to the shore, protecting inshore lagoons. The adjacent coastline is commonly of long sandy
beaches scalloped at a large scale with occasional limestone cliffs and headlands and rocky shores with wide
rock platforms.

2.2 Site selection
A primary objective of this survey was to provide a quantitative description of the dominant elements of the
marine flora and fauna within the major habitat types of the waters between Green Head and Cervantes.
CALM’s Marine Conservation Branch recently completed a broad-scale mapping, ground-truthing and
classification of the major marine habitats along about 100 km of the Central West Coast between Cervantes
and Cliff Head (Burt et al. 1997). This regional survey classified these waters into the eight broad habitat types
listed below.

• seagrass meadow,
• seagrass interspersed with sand patches and some reef, > 10m depth,
• seagrass interspersed with sand patches and some reef, < 10m depth,
• bare sand with sparse seagrass,
• limestone pavement,
• subtidal reef with predominately macroalgal cover, interspersed with sand patches,
• shallow reef platforms,
• limestone pavement interspersed with sand, macroalgae and seagrass.

This regional marine habitat map in conjunction with aerial photographs and bathymetric charts were used to
locate representative sampling sites in five of the major habitat types in the study area. Also included, were
recreational dive sites considered to have a relatively high abundance or diversity of flora and fauna (e.g. sites
19, 27, 60, 61, 67) and sites with unusual biological features, such as the presence of corals (e.g. site 21 & 65).

Sites were located well away from the boundaries between habitat types to reduce potential sample bias caused
by edge effects. The ‘mixed’ seagrass habitats (divided into two depth categories), were sampled as one habitat
type. The ‘Bare Sand’ habitat typically has a low diversity of macro-benthic flora and fauna and an
insignificant macrophyte standing crop and, as such, was not included in the study. Limestone pavement does
not occur within the study area.
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Weather and sea conditions permitting it was anticipated that a total of 66 sites would be sampled during the 15
day survey, with at least four sites completed per day. The number of sites in each habitat type (listed below in
parenthesis) relates to the anticipated broad-scale heterogeneity of the habitats within the study area.

• seagrass meadows (12);
• seagrass interspersed with sand patches and some reef (12)
• subtidal reef with predominantly macroalgal cover, interspersed with sand patches (18)
• shallow reef platforms (14)
• limestone pavement with some macroalgal cover, interspersed with patches of sand and seagrass (10)

2.3 Quantitative sampling methodology
The methods outlined below are an adaptation of the methods proposed for the field survey outlined in the
CALM Field Programme Report (Burt, 1997).

A combination of visual census, video transect and quadrate sampling was used to quantify the relative species
diversity and relative abundance of the fish community, and the dominant components of the macro-benthic
(specimens > 10 mm) community at each site. The biological survey consisted of five quantitative elements:

• the relative species richness and abundance of the large and non-cryptic small fishes within the major
benthic habitat types;

 
• the relative species richness and abundance of mobile macro-benthic invertebrates (i.e. Molluscs,

Echinoderms & Crustaceans) within the major benthic habitat types;
 
• the relative species richness and abundance of the sessile macro-benthic invertebrates (i.e. Sponges,

Ascidians Cnidarians) within the major benthic habitat types;
 
• quantify physical parameters such as water depth, seabed ‘roughness’ and sediment mineralogy within the

major benthic habitat types as a surrogate for macro-benthic species richness;
 
• the relative biomass of the macroalgal and seagrass assemblages within the major benthic habitat types as a

surrogate for primary production.

A 200 m weighted and scaled transect line was deployed over the stern of CALM’s research vessel
Bidthangara, in a straight line from east to west. Lengths of railway iron were used to anchor the ends of the
transect line which were marked on the surface with dive flags. As the transect line was deployed, numbered
quadrates and catch bags were attached at 20 m intervals using shark clips. After deployment the Bidthangara
was anchored approximately 40 m from the beginning of the transect line (eastern end), adjacent to quadrat 2.
The location of each site was recorded using a differential GPS.

The transect line with attached catch bags was usually retrieved over the stern of the Bidthangara however an
inflatable zodiac was occasionally used in ‘rough’ or windy conditions.

Only upper surfaces that were approximately horizontal were sampled using the quadrates, and if a quadrate
fell on a vertical surface the nearest horizontal surface was sampled. Likewise, if more than 75 % of a quadrate
was bare sand the quadrate was moved to the nearest non ‘bare sand’ habitat. Mobile invertebrates, such as
cephalopods, infauna and microbiota, and epiphytic invertebrates attached to the leaves and stems of seagrass
and macroalgae were not quantitatively sampled. Site information, such as the location, water depth and a brief
habitat description, including the dominant flora and fauna, were recorded for each site on a standard Habitat
Data Sheet.

The dive team consisted of five divers, as described below, and operated from the Bidthangara supported by a
dive supervisor and an assistant. It is estimated that divers required approximately 45-60 minutes bottom time
at each site to complete their tasks. Divers always dived with at least one other diver and on completing their
tasks always surfaced at a buoy and swam on the surface back to the boat.
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Fish assemblages(two divers)
Two divers swimming at a constant speed (~10 m of transect per minute) and height above the seabed (~2 m),
conducted a visual census along the 200 m transect line to determine the species composition of the large and,
non-cryptic small, fish assemblages at each site (approximate bottom time 20 minutes). The divers swam along
the centre of a five meter swath on each side of the 200 m transect line (total sample area 2000 m2) recording
the information on a Fish Data Sheet. Quantitative fish surveys were not conducted if water visibility was less
than 3 m, half the swath width. The above is an adaptation of the methodology described by Edgar et al.
(1997).

On completing the fish census both divers swam back along the transect line. The first diver collected video
footage of each quadrate and general underwater footage of the site. Video details of each transect were
recorded on a standard Video Data Sheet. The second diver recorded water depth (+/- 0.2 m) and the proportion
of bare sand in all ten quadrates and water depth at alternate 10 m intervals along the transect. The proportion
of bare sand along the entire transect was also recorded. The mean water depth and standard deviation of the
depth (SDD) were calculated for each transect. SDD is used as an approximate index of seabed roughness,
based on the assumption that, over a 200 m transect the effect of seabed slope on the SDD is negligible
compared to the effect of variation in seabed topography (Simpson and Ottaway, 1986).

The first diver also collected a one kilogram sample of surficial sediment (top 20 mm), where possible, at each
site. The sample was frozen for storage and will be analysed for grain size and organic content. Further
technical details on the analytical methodology can be found in Burt and Ebell (1995).

In seagrass meadows the census did not include fishes within the canopy, otherwise the methodology was the
same as applied to hard substrate sites.

On completion of these tasks the two divers returned to the beginning of the transect line, surfaced at the dive
flag and swam back to the Bidthangara.

Invertebrate and macrophyte assemblages (three divers)
Following behind the divers describing the fish assemblages, two divers collected all the mobile invertebrates
and non-encrusting sessile invertebrates, such as sponges and ascidians, from ten 0.5 m2 quadrates attached at
20 m intervals along the 200 m transect line (total sample area of 5 m2). Pieces of hard corals and encrusting
sessile invertebrates were also collected and their dimensions recorded for each quadrate. All data was recorded
on a standard Invertebrate Data Sheet.

A third diver harvested the above-ground macrophyte material from five quadrates, at 40 m intervals, along the
200 m transect line. The material from each quadrate was placed in a calico sample bag provided in the catch
bag attached to the transect line with each quadrate (see above). The sampling area was 0.25 m2 for quadrates
in reef habitats and 0.1 m2 in seagrass meadows, providing a total sample area along each transect of 1.25 m2

and 0.5 m2 respectively. Data was recorded on a Macrophyte Data Sheet. This diver also checked each quadrate
to ensure all the invertebrates had been collected.

On completion of these tasks the three divers surfaced at the dive flag located at the end of the transect line and
were retrieved by the dive attendants using the zodiac.

2.4 Sorting and preservation of samples
Macrophyte material was stored on the boat in damp hesian bags and transported back to the field station where
it was sorted in the major taxonomic groups, identified if possible or catalogued as a species number.
Unidentified specimens or new reference material was preserved as described below.

The total biomass (wet weight) of seagrass and macroalgae and, the biomass of common species, were
determined for each quadrat. In addition, the biomass of the major macroalgal groups (i.e. red, brown and
green and, coralline and non-coralline algae) was also determined.
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A preliminary sorting and identification of faunal material collected from each transect was undertaken
onboard the Bidthangara. New, interesting or unknown specimens were transported back to the field station for
identification. Some material, particular specimens of soft coral, sponges, tunicates and ascidians, were
immediately preserved on the boat in 70 % alcohol, other material was stored in damp calico bags for transport
back to the field station.

Floral and faunal reference collections were established at the field station to assist with the identification of
specimens and provide the basis of an ongoing reference collection for the proposed marine reserve.

Seagrasses and algae were preserved in 2-4 % seawater/formalin, sponges in 70% alcohol and all invertebrate
specimens in 4 % formalin buffered with sodium bicarbonate.

2.5 Qualitative sampling
Still photographs and high quality video footage of marine flora and fauna were taken as a secondary objective.
As the collection of this type of information is dependent on good water clarity, it was undertaken when
opportunities become available. General information about each sampling site, particularly observations of
important marine wildlife (e.g. seals, whales etc.) were recorded on a standard Habitat Data Sheet.

3 Results

3.1 Species richness
Strong winds and heavy swells for most of the survey created very difficult working and diving conditions
resulting in 39 of the scheduled 66 sites being sampled from four habitat types (Figure 1). There was
insufficient time to sample the relatively deep sites in the offshore limestone pavement habitat and the heavy
swells prevented sampling sites in the shallow subtidal and intertidal reef habitat. Site location details are
provided in Appendix I.

A preliminary analysis of the results indicates that the major benthic habitats of this area have a diverse
assemblage of marine flora and fauna (Appendix II). Some of the specimens recorded in this survey,
particularly a number of the sponges, are possibly new to ‘recorded science’. Other outstanding features include
an interesting mixture of tropical and temperate species, extensive algal and seagrass communities, diverse
invertebrate communities, particularly sponges, and a rich fish fauna.

Four hundred and thirteen marine species from 10 phyla were recorded from 39 sites, including 9 seagrass
species, 134 macroalgal species, 206 invertebrate species and 64 fish species (Appendix II). Appendices III to
VI summarise the diversity of seagrass, macroalgae, fish and invertebrates species respectively, at each site and
within the major benthic habitat types. A detailed species list for the 39 sites is presented in Appendix VII.

The distribution of total species diversity (flora and fauna) between the major habitat types ranged from 78
species recorded in bare sand, approximately 145 species in seagrass meadow/sparse seagrass and more than
240 in subtidal reef (Appendix II).

Floral diversity represented about a third of the total species diversity, with 143 species recorded from four
phyla (Appendix II). One hundred and three species of red algae (Rhodophyta) and 23 species of brown algae
(Phaeophyta), comprising 72 % and 16 % respectively of the total floristic diversity, were recorded. A summary
of the floral diversity at each site are presented in Appendices III and IV.

A comparison of the floral diversity between the major habitat types shows that diversity ranged from a total of
26 species recorded in bare sand, 48 species in seagrass meadow and approximately 100 species in subtidal reef
(Appendix II).

Two hundred and seventy species of fauna, from seven phyla, represented 65 % of the total diversity recorded
(Appendix II). The faunal diversity was dominated by fish (Chordata, 24 %) and sponges (Porifera, 31 %) with
the remaining diversity largely distributed between two phyla: Ascidians (14 %), and Mollusca (13 %).
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A comparison of the faunal diversity between the major habitat types shows that diversity ranged from a total of
52 species recorded in bare sand, more than 100 species in seagrass meadow/sparse seagrass and approximately
140 species in subtidal reef.
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3.2 Physical measurements
The standard error of mean water depth (SED) were calculated from measurements of water depth recorded at
10 m intervals along each transect, to investigate the use of seabed ‘roughness’ as an indicator, or surrogate, of
macro-benthic species richness (Appendix VIII). Preliminary analyses indicate that SED explains nearly 40 %
of the variation in total species diversity suggesting that SED is likely to be a reasonable indicator of benthic
species diversity in these waters (Figure 2). SED accounts for nearly 45 % of faunal diversity (fish and
invertebrates, Figure 3), including 55 % of fish diversity (Figure 4), but explains less than 25 % of invertebrate
diversity.

The proportion of bare sand along a transect can be used as an indicator of habitat diversity or ‘patchiness’
(Appendix IX). Preliminary analyses indicate that, in reef habitat, there is a strong negative correlation between
the proportion of bare sand and total species diversity (Figure 5). The proportion of bare sand in a reef habitat
accounts for 65 % of the total species diversity, nearly 60 % of the invertebrate diversity (Figure 6) and about
50 % of the fish diversity (Figure 7). A similar analysis in seagrass habitat however suggests that there is a
weak relationship between the proportion of bare sand and the diversity of macro-benthic species.

3.3 Macrophyte biomass
The mean above-ground biomass of seagrass and macroalgal species at each site are presented in Appendix VII.
Figures 8 and 9 show the respective total mean biomass of seagrass and macroalgae at each sites in comparison
to the biomass values that are considered to be typical of ‘healthy’ seagrass meadows and reef assemblages
(Hillman and Morrison, 1994).

3.4 Data curation

3.41 Biological material
Reference specimens of invertebrate and macrophyte material have been identified, to species were possible,
and reference collection established at CALM’s Marine Conservation Branch, in Fremantle. Specimens of
seagrass and macroalgae have been pressed and mounted. Floral and faunal ‘type’ specimens have been lodged
with CALM’s Herbarium and the Western Australian Museum respectively.

3.42 Video and photographic material
A considerable amount of high quality (Hi 8) underwater video footage and photographs were obtained of the
visually dominant fauna and flora at most sites. The Hi 8 video tapes have been catalogued and backed-up on
VHF tapes. The Hi8 and VHF tapes are archived in CALM’s MCB video library.

A large number of photographs were taken by a professional photographer including, close-up and wide-angle
underwater ‘shots’ of interesting flora and fauna, general footage of the field station and the operations on the
Bidthangara and a series of ‘shots’, underwater and on the Bidthangara, illustrating the sampling procedure.
These photographs, including the negatives, have been catalogued and are archived in CALM’s MCB
photographic library.

3.43 Data and other digital information
All the original field survey Data Sheets, and transcribed copies, have been archived in the Marine
Conservation Branch library. A digital copy of all the data, including the Data Report, is held on floppy discs
(IBM format) in the Marine Conservation Branch library and backed up on the t-drive of the Branch’s server
(t:/JIM/JURIEN/ DATA0497).
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APPENDIX I

Site locations
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Site No. Site location Latitude Longitude Habitat type
1 Greenhead lagoon, north 30.07842 114.96513 Subtidal reef
2 Greenhead lagoon, north 30.08772 114.97318 S/G meadow
7 Greenhead lagoon, north 30.11360 114.98099 S/G meadow
8 Greenhead lagoon, central 30.14150 114.97757 S/G meadow
9 Greenhead lagoon, south 30.15033 114.99808 Sparse seagrass <10m
10 Sandy Point 30.17418 114.98104 Subtidal reef
14 Jurien Bay, Nth head 30.19701 114.98105 Subtidal reef
15 Jurien Bay, Nth head 30.20435 114.96179 Bare sand
18 Jurien Bay, Nth head 30.24123 115.00303 Subtidal reef
19 Jurien Bay 30.26405 114.97736 Subtidal reef
21 Jurien Bay 30.27169 115.02530 Sparse seagrass <10m
22 Jurien Bay 30.28775 115.03303 Bare sand
23 Jurien Bay 30.29918 115.02374 Bare sand
24 Jurien Bay 30.30522 115.00450 Sparse seagrass <10m
27 Jurien Bay 30.28863 114.97641 Subtidal reef
28 Jurien Bay 30.32113 114.97423 Subtidal reef
29 Hill River lagoon, Nth 30.33126 114.99441 Sparse seagrass <10m
30 Hill River lagoon, Nth 30.34465 114.98432 Subtidal reef
31 Hill River lagoon, Nth 30.34750 115.02503 S/G meadow
32 Hill River lagoon, central 30.37719 115.01833 S/G meadow
34 Hill River lagoon, central 30.36513 114.99623 Subtidal reef
35 Hill River lagoon, central 30.37993 115.03118 Sparse seagrass <10m
37 Hill River lagoon, Sth 30.41184 115.00964 S/G meadow
38 Hill River lagoon, Sth 30.39487 115.04222 S/G meadow
40 Cervantes lagoon, Nth 30.43743 115.01264 S/G meadow
43 Cervantes lagoon, Nth 30.44957 115.00685 Subtidal reef
45 Cervantes lagoon, Nth 30.45134 115.03731 S/G meadow
47 Cervantes lagoon, Nth 30.46969 115.05257 Sparse S/G
48 Cervantes lagoon,Central 30.48591 115.04241 Subtidal reef
49 Cervantes lagoon,Central 30.48270 115.06138 S/G meadow
51 Cervantes lagoon, Sth 30.49879 115.05653 S/G meadow
53 Hangover Bay 30.51980 115.04552 S/G meadow
54 Cervantes lagoon, Sth 30.50304 115.02291 Subtidal reef
58 Hill River lagoon, central 30.39617 114.98452 Subtidal reef
60 Jurien Bay 30.28164 115.00447 Bare sand
61 Jurien Bay 30.26396 114.99024 Subtidal reef
63 Sandy Point 30.17094 114.98951 Subtidal reef
65 Jurien Bay 30.32185 114.98940 Subtidal reef
67 Jurien Bay 30.30370 114.98168 Subtidal reef
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APPENDIX II

Summary of the distribution of species between phyla and
habitat type
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