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Objectives: 
1.  To determine the overall catch of the key species of commercial and recreational fishing 

significance (that is, the recreational catch, commercial catch and other landed catch). 

2.  To determine the species composition and relative abundance of the inshore demersal 
finfish resource from the shoreline outward to a depth of 30 metres along the inner-
continental shelf in north-western Australia. 

3.  To determine the nursery areas of fish species of commercial and recreational 
significance in the Pilbara and Kimberley regions. 

 
Non-Technical Summary: 
 

Outcomes Achieved 
All of the objectives of this project have been met by documenting the following: the overall 
catch of the key commercial, recreational and charter boat fish species; the species 
composition and relative abundance of the inshore demersal finfish resource from the 
shoreline outward to a depth of 30 m along the inner continental shelf in north-western 
Australia; and the nursery areas of the major commercial and recreational fish species in the 
Pilbara and Kimberley regions. 
 
 

The catches of the main fish species obtained by commercial, recreational and charter boat 
fishers along the Pilbara and Kimberley coasts have been determined by analysing the 
Department of Fisheries Western Australian Catch and Effort Database System (CAES), the 
results of a recreational creel survey and the statutory monthly reports of catch and effort by 
charter boat operators. 

The weight of finfish caught by nearshore and inshore commercial fishers along this coast 
during 2002 was approximately 590 tonnes. The total annual recreational fishing effort along 
the coast between Onslow and Broome in 2002 was estimated as 190,000 fisher days, which 
yielded approximately 320 tonnes of fish. The 111 licensed charter boat operators in the 
Pilbara and Kimberley undertook 3628 tours in 2002, during which they caught 53 tonnes of 
fish. Thus, the total catch from all three sources approached 1000 tonnes. 

Nearshore, shallow waters on beaches and in mangroves and intertidal pools in three regions 
along the Pilbara and Kimberley coasts were sampled during the wet and dry periods of two 
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consecutive years. Data derived from the resultant catches were used to determine the ways in 
which fish species use the different habitat types and how the characteristics of the fish faunas 
varied with latitude, habitat type and season.  

The fish catches from all habitat types collectively yielded 170 species representing 66 
families. Fifty three of these species are fished commercially and recreationally along the 
Pilbara and Kimberley coasts, and a further 17 fish species are caught solely by recreational 
fishers. The most abundant species included the blue and king threadfin salmons, salmon-
tailed catfish, the blue-spot and large-scale mullets, queenfish, western school whiting, 
Quoy’s garfish, Moses snapper and estuary rockcod.  

Some species, such as the two threadfin salmons, spend the whole of their life cycle in 
nearshore, shallow waters, whereas others, such as Moses snapper and estuary rockcod, use 
those waters solely as a nursery area. Species such as the two threadfin salmons and also 
whiting species were caught predominantly over bare sand, whereas species such as the large-
scale mullet and the nervous shark were obtained mainly from mangroves, and Moses snapper 
and estuary rockcod were collected almost exclusively from intertidal pools. 

The species compositions of the fish assemblages were influenced not only by habitat type, 
but also by season and region and also apparently the extent of tidal action and thus turbidity. 
Differences between the compositions in the extreme wet and dry periods found in the region 
were attributable to emigrations and immigrations of large numbers of particular species at 
certain times. For example, mature catfish aggregate in nearshore, shallow waters during the 
wet period.  

Sampling over reefs using fish traps and over soft substrates using an otter trawl net in both 
shallow (ca 15 m) and deeper inshore waters (ca 22 m) at seven regions along the Pilbara and 
Kimberley coasts yielded data on the species composition of the fish faunas and the relative 
abundances of the main commercial and recreational fish species in these waters. 132 fish 
species were caught over reefs and 279 species over soft substrates, of which 53 and 9% were 
of commercial and/or recreational importance, respectively. 

Blue-spotted emperor, stripey snapper, grass emperor, golden trevally, Indonesian snapper, 
estuary rockcod and golden snapper were the most abundant commercial and/or recreational 
fish species over reefs and, during the day, collectively comprised ca 75% of the total catch. 
In contrast, the most abundant commercial and/or recreational fish species over soft 
substrates, namely threadfin emperor, blue-spotted trevally, sunrise goatfish, asymmetrical 
goatfish and threadfin bream, collectively contributed only ca 11% to the total catch. The 
most abundant fish species in the trawl catches were the splendid ponyfish (11.4%), smooth-
tailed trevally (10.4%), Gulf damselfish (7.1%) and banded grunter (7.1%). 

Species composition was strongly influenced by latitudinal position, with, for example, 
species such as golden snapper and Indonesian snapper being far more abundant over reefs in 
northern locations, whereas the reverse was the case for species such as blue-spotted emperor, 
yellow-tailed emperor and starry triggerfish. Species such as blue-spotted emperor and dark-
tailed snapper were abundant in both shallow and deeper waters, whereas grass emperor and 
golden trevally were relatively more numerous in shallow water and black spinefooot and 
Indonesian snapper were more abundant in deeper water. 

Species composition in the wet and dry seasons differed markedly, with, for example at Cape 
Voltaire, species such as Indonesian snapper being more common during the wet period, 
whereas the reverse was true for grass emperor and golden snapper. The numbers of species 
and numbers of individuals caught in traps over reefs were both greater during the day than 
night, reflecting greater feeding activity by particularly lethrinid species. 

In the catches from over reefs, most blue-spotted emperor and red emperor were less than the 
minimum legal length (MLL), whereas most grass emperor and spangled emperor were 
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greater than the MLL and considerable numbers of bar-cheeked coral trout were caught both 
above and below the MLL. 

Only 0.6% of the number of individuals of fish in the by-catch of the Exmouth Gulf prawn 
fishery belonged to commercial and/or recreational species. 

This project has synthesised the available data from commercial, recreational and charter boat 
fisheries with baseline survey data throughout the region.  In order to build on the outcomes 
of this project a number of priority areas for research in this nearshore zone have been 
identified. 

These priority areas of research include; estimation of biological parameters of key species for 
the purposes of fisheries management (a list of key species is provided in the Further 
Development Section of this Report); evaluation and assessment of recreational and 
aboriginal netting activities in the Pilbara and Kimberley region of north-western Australia; 
determination of the genetic stock structure of the key species of commercial and recreational 
fishing significance in the nearshore areas throughout north-western Australia to define the 
appropriate spatial scale for fisheries management; and refinement of commercial and 
recreational data collection programs in the Pilbara and Kimberley region of north-western 
Australia. 

 
 
KEYWORDS: Tropical, commercial, recreational, nursery habitats, nearshore reefs, 

estuaries, beaches, intertidal, rockpools. 
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Background 
To date, most of the finfish research effort in the Pilbara and Kimberley region of Western 
Australia has been in support of initiatives to manage the mid to outer shelf and deep slope 
finfish fishery resources, which have been variously exploited by both foreign and domestic 
fishing fleets since the early 1960s. 

During the process of development, management and research into the mid to outer shelf 
fishery resources of the Pilbara and Kimberley region most of the key fishery resources are 
now under formal management arrangements.  As part of this process, the trawl and trap 
fishers have been limited to waters deeper that 50 and 30 metres, respectively.  The demersal 
finfish resources of the extensive nearshore area (< 30 m depth) that extends along 
approximately 3,000 km of coastline in north-western Australia (a length of coastline similar 
to that of Tasmania) is currently targeted by commercial line fishers (including charter 
operators), shoreline gill-net fishers, and recreational anglers.  The inshore fish stocks of the 
Pilbara and Kimberley regions also sustain a low level of incidental mortality as prawn trawl 
by-catch.  To date, this inshore zone has received little research attention. An intention to 
address these issues in a preliminary way in an earlier FRDC project (1991/028) was never 
realised. 

A major creel survey of the recreational fishery of this region commenced in December 1999 
in support of an important initiative to manage the recreational fishery for this extensive 
inshore resource.  This creel survey will identify the key species and fishing locations of 
recreational fishers. 

However, sound management of this inshore resource cannot proceed without a good 
understanding of the distribution and magnitude of the commercial catch on a comparable 
spatial scale to the recreational catch, thus providing estimates of the total catch of each of the 
key species.  From this perspective, it is also important to understand the relationship between 
the commercial and recreational fisheries, and the distribution and abundance of the available 
resource. 

This project will examine the catch and effort database for the inshore commercial fisheries 
off the north coast, resolving the data where necessary, to produce a description of the species 
composition in the various management zones and major fishing areas, and to identify the 
fishing methods in use.  If possible, a validated time-series of catch and effort for the key 
inshore commercial species will be produced.  This information will be used to describe the 
spatial distribution of the commercial catch and effort in the inshore region of north-western 
Australia. 

There is also a need to identify additional sources of exploitation of the nearshore resource. 
Inshore prawn trawlers take as by-catch juveniles of many of the economically important 
finfish of the region.  For example, Stephenson and Mant (1999) sampled juveniles of the key 
indicator species (Lutjanus sebae, Epinephelus multinotatus, Lethrinus hutchinsi and Lutjanus 
vitta) in the Pilbara Fish Trawl Fishery from the nearby Nickol Bay Prawn Fishery in order to 
complete age and growth studies.  It should also be recognised that nearshore shallow waters 
(< 2 m depth) act as a nursery area for some fish species in tropical waters (see Blaber et al. 
1995) and that Blaber et al. (1985) found that the fish community in the Damper region 
underwent a pronounced change at water depths of approx. 20 metres.  It is important to 
identify those species of commercial and recreational fishing significance and hence of major 
economic importance that may be landed as by-catch from prawn trawl vessels. 
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In the process of undertaking this work, it is also important to understand the extent to which 
fish of commercial and recreational fishing significance are located within areas identified in 
the Marine Parks and Reserve Selection Working Group Report (CALM, 1994).  Collecting 
baseline information on the fishery resources in areas nominated as future marine reserve sites 
is essential in order to assess the likely impacts on commercial and recreational fishers should 
access to these areas become restricted. 

Thus, the documentation of the overall catches of the demersal finfish resources in the inshore 
region of north-western Australia from the shoreline outward to a depth of 30 metres is 
essential for the development of management plans for the sustainable exploitation of the 
demersal fish resource shared by recreational and commercial fishers of Australia’s north-
west.  This study will also provide a basis for identifying tropical inshore species in need of 
future detailed stock status advice in support of fisheries management.  Furthermore, this 
project should identify possible nursery areas of species of commercial and recreational 
fishing significance along the north-west coastline. 

Need 
Inshore demersal fish stocks in Australia’s north-west face increased exploitation pressure by 
an ever increasing number of recreational fishers in direct competition with an adjacent 
commercial fishing industry.  There is, therefore, an urgent need to determine the species 
distribution and the composition of demersal scalefish resources in the inshore region of 
north-western Australia in waters outward from the shoreline to depths of 30 metres, 
including the documentation of the abundance and diversity of any significant finfish by-catch 
of prawn trawlers operating within the region, as a basis for formulating rational management 
plans for the exploitation of the demersal scalefish resource among user-groups. 

The sharing of the inshore demersal fish resource in this region will require careful future 
management to ensure sustainability and avoid conflict among these user groups.  This project 
will provide baseline information on the species composition and relative abundance of the 
inshore fishes of Australia’s north-west and identify possible nursery areas of species of 
commercial and recreational fishing significance which may need protection, possibly as 
nursery closures, in the future.  Furthermore, in order to facilitate sagacious management 
plans and to safeguard the interests of commercial and recreational fishers, the baseline 
information on the nearshore fishery resources of the north-west provided by this study can be 
used to assess the impact of any possible access restrictions that may be imposed in areas 
nominated as future marine reserve sites in north-western Australia. 
 

Objectives 
1. To determine the overall catch of the key species of commercial and recreational fishing 

significance (that is, the recreational catch, commercial catch and other landed catch). 

2. To determine the species composition and relative abundance of the inshore demersal 
finfish resource from the shoreline outward to a depth of 30 metres along the inner-
continental shelf in north-western Australia. 

3. To determine the nursery areas of fish species of commercial and recreational significance 
in the Pilbara and Kimberley regions. 
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1.0 Spatial distribution of commercial, recreational and charter vessel 
catch and effort data 

Stephen J. Newman, Craig L. Skepper and Peta C. Williamson 
1.1 Nearshore commercial finfish fisheries 
The Department of Fisheries (Western Australia) catch and effort database system (CAES) 
was interrogated to determine major fishing areas and fishing methods in inner shelf waters, 
and to produce a time-series of catch and effort for the key inshore commercial species.  
Catches of the key inshore species by gear type and location were determined over time in 
association with the spatial distribution of fishing catch and effort in inner shelf waters. 

The spatial distribution of catch and effort data from the commercial fishing sector in the 
nearshore waters of north-western Australia is examined on a fishery basis looking at specific 
gear types where possible (note that catch data represent reported landings).  Analysis 
includes all finfish species taken in the period from 1990–2002 from those blocks that 
incorporate a major proportion of area inside the 30 m bathymetric contour.  Each reporting 
block in the CAES database represents a 1� square that is approximately 60 � 56 nautical 
miles (60 � 60 minute grids).  However, many of the nearshore blocks cover a much smaller 
area of seawater.  The catch of each nearshore fishery and the finfish species of commercial 
importance are described below. 

1.1.1  Exmouth Gulf Beach Seine Fishery 
Netting first commenced in Exmouth Gulf during the early 1950’s, when two vessels began 
fishing for mullet.  However, these fishing operations were short-lived as a result of a cyclone 
destroying the local cannery in 1953 and the venture being abandoned.  Net fishing resumed 
in 1967, and by 1969 five operators were fishing for bony (Perth) herring (Nematalosa 
vlaminghi, used as rock lobster bait) for 2 months (August and September) during the winter 
of each year.  This continued for 20 years until demand dropped.  The Exmouth Gulf Beach 
Seine Fishery (EGBSF) was formally created in 1989 as a restricted entry fishery when 12 
fishing units were licensed.  The licence endorsed commercial beach seine and gillnet 
operations south of the line drawn from Point Murat to the south shore of the south arm of the 
Ashburton River mouth.  Each licence (unit) was able to use 4 dinghies.  The number of 
licences has gradually decreased (via transfer or through the Fisheries Adjustment Scheme) to 
seven by 1992, six by 1996, three by 1998 and to two operators at the present time (which is 
considered sustainable). 

The key species are sea mullet (Mugil cephalus), western sand whiting (Sillago analis and S. 
schomburgkii), Perth herring (Nematalosa vlaminghi) and yellowfin bream (Acanthopagrus 
latus).  Whiting are mostly caught over the warmer months from September through to April 
when these species reportedly spawn in the region.  Mullet are largely targeted on demand, 
with most sold frozen as bait.  Bream are mostly caught between May and July when they 
school to spawn.  Perth herring are mainly caught in the winter months from July through to 
September when they reportedly spawn in the southern waters of Exmouth Gulf.  In recent 
years Perth herring has been absent from catches in the EGBSF. 

Beach seines and gillnets are used in the fishery.  Where possible, gill nets are hauled on the 
incoming high tide on to available sandy beaches.  Alternatively in rough bottom areas where 
nets cannot be hauled, nets are circled around schools on a high to falling tide, allowing the 
receding tide to trap the fish in the net. 

The catch and percentage composition of the total catch of the EGBSF is shown in Figures 
1.1.1 and 1.1.2.  The total catch in the EGBSF has declined since the peak catch in 1993.  The 
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reduced catch is associated with a decrease in fishing effort in recent years, reflecting a 
reduced number of licensees operating in the fishery.  The catch and effort of the EGBSF is 
restricted to the area within Exmouth Gulf (Figs. 1.1.3-1.1.4). 
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Figure 1.1.1  The total catch of the EGBSF from 1990 to 2002 and the percentage 
composition of key selected species. 
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Figure 1.1.2  The total catch of the EGBSF from 1990 to 2002 and the percentage 
composition of key selected species. 
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Figure 1.1.3  Spatial distribution of the total catch from the Exmouth Gulf Beach Seine 
Fishery off north-western Australia in 2002. 

 

 

 
Figure 1.1.4  Spatial distribution of the effort from the Exmouth Gulf Beach Seine Fishery 
off north-western Australia in 2002. 

 

1.1.2  Kimberley Gillnet and Barramundi Fishery 
The Kimberley Gillnet and Barramundi Fishery (KGBF) first came under management in 
1989 when 17 licences were initially issued.  Prior to this time the fishery was open to all 
holders of a Western Australian Fishing Boat Licence.  Licences endorse the taking of all 
finfish by gillnet (and barramundi by any method) from waters lying north of 19�S and west 
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of 129�E within 3 nautical miles of the coastline at the low water mark, and within tidal areas 
of rivers.  Areas within these boundaries that are closed to fishing are those in the vicinity of 
Crab, Jacks, Thangoo, and Yardogarra Creeks, Cape Bossut, the Fitzroy River mouth and the 
Derby Jetty.  An Accord between commercial fishers, recreational anglers and charter fishers 
in regard to fishing zones and exclusion zones to prevent resource user conflict was 
negotiated in 2000 and is currently in practice.  KGBF licences are presently non-transferrable 
(transferability is scheduled to be introduced to the fishery during 2003), and in the period 
between 1989 and 1998 the number of licences fell from 17 to 10.  The Fisheries Adjustment 
Scheme (FAS) was offered in 1998 (for one year only) to reduce the number of licensees in the 
fishery and the FAS offer resulted in the number of licences being reduced to 7.  In the most 
recent fishing year (2002) seven vessels fished in the fishery. 

The main areas of the fishery are the river systems of the northern Kimberley, King Sound, 
Roebuck Bay and the top end of Eighty Mile Beach.  The area of the fishery east of Cunningham 
Point (123�08.12’E) is closed from 1 November to 31 January, while the fishery west of 
Cunningham Point (123�08.12’E) is closed from 1 December to 31 January. 

Gillnets used in the fishery must not exceed 500m in length, and have a mesh size between 
165 mm and 177.8 mm east of Cunningham Point, and between 112 mm and 150 mm west of 
Cunningham Point.  The breaking strain of the mesh must not be greater than 70 kg.  One 
fishing unit is equivalent to a licensed fishing boat plus a netting dinghy. 

The catch and percentage composition of the total catch of the KGBF is shown in Figure 
1.1.5.  The total catch in the KGBF has increased in recent years, with the catch of threadfin 
salmons increasing while the catch of barramundi is declining.  The key species are 
barramundi (Lates calcarifer), giant threadfin salmon (Polydactylus macrochir) and blue 
threadfin salmon (Eleutheronema tetradactylum).  The KGBF stock of barramundi is 
considered on average to be fully exploited, with breeding stock levels adequate in most 
areas.  The spatial distribution of the catch and effort of the KGBF extends from Broome in 
the south throughout the Kimberley region to the Northern Territory border ( igs. 1.1.6-F
1.1.7). 
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Figure 1.1.5  The total catch of the KGBF from 1990 to 2002 and the percentage composition 
of key selected species. 
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Figure 1.1.6  Spatial distribution of the catch from the Kimberley Gillnet and Barramundi 
Fishery off north-western Australia in 2002. 

 

 

 
Figure 1.1.7  Spatial distribution of the effort from the Kimberley Gillnet and Barramundi 
Fishery off north-western Australia in 2002. 
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1.1.3  Northern Demersal Scalefish Fishery – Area 1 
The Northern Demersal Scalefish Fishery is divided into two fishing zones, an inshore zone 
(Area 1) and an offshore zone (Area 2).  The inshore zone (Area 1) extends from the shore to 
a line approximating the 30 m bathymetric contour.  The inshore waters in the vicinity of 
Broome are closed to commercial fishing.  The closed area extends from Cape Bossut to Cape 
Coulomb, inside a line that approximates as closely as possible the 30 m bathymetric contour. 

Licensees within Area 1 of the NDSF are authorized to fish for demersal finfish using 
handlines only.  Access to Area 1 of the NDSF is currently limited to 4 licences.  Licensees 
are permitted to use up to 5 handlines at any one time, with no more than 6 hooks on each 
line.  Catch and effort in Area 1 of the NDSF has been low and variable since the introduction 
of formal management in 1998.  Catches in this area peaked in 1992 at 5.4 tonnes (Fig. 1.1.8-
1.1.9), although since 1999 annual catches have been approximately 1 tonne per year.  The 
key historical species landed in Area 1 (Fig. 1.1.8) include blue-lined emperor (Lethrinus 
laticaudis), cod (Serranidae), other non-specified fish species and assorted shark species.  In 
recent years golden snapper or fingermark (Lutjanus johnii), northern mulloway or black 
jewfish (Protonibea diacanthus) and sea catfish (Arius thalassinus) have been prominent in 
the total catch figures (Fig. 1.1.9). 

The spatial distribution of the catch within Area 1 of the NDSF is concentrated in the eastern 
sector of the Kimberley region (Fig. 1.1.10).  In contrast, the effort is higher in the western 
sector of the Kimberley region (Figs. 1.1.11).  Note that both the catch and effort in Area 1 of 
the NDSF are low. 
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Figure 1.1.8  The total catch of the NDSF Zone 1 permit holders and the percentage 
composition of key selected species. 
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Figure 1.1.9  The total catch of the NDSF Zone 1 permit holders and the percentage 
composition of key selected species. 

 

 

 
Figure 1.1.10  Spatial distribution of the catch from the inshore zone of the Northern 
Demersal Scalefish Fishery off north-western Australia in 2002. 
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Figure 1.1.11  Spatial distribution of the effort from the inshore zone of the Northern 
Demersal Scalefish Fishery off north-western Australia in 2002. 

 

 

1.1.4  Wetline Fishery 
All vessels with a Western Australian Fishing Boat Licence (FBL) are able to catch finfish by 
gears other than those regulated in the managed fishery areas.  These data include fishing 
activities for Spanish mackerel and other mackerels that will come under formal management 
arrangements from mid 2004.  These data also include those vessels fishing gillnets under 
exemption south of the KGBF.  The majority of fishers in this sector are utilising a variety of 
line methods such as trolling, hand line, drop line and long line.  These data also incorporate 
the catch of charter vessels recorded on the CAES system.  The charter vessel data are sparse 
and reflect catches recorded by operators prior to formal licensing.  We have separated the 
wetline sector into two groups; those that fished with handlines and/or droplines and those 
that fished using nets; gillnets, haul nets or beach seines. 

1.1.4.1 Pilbara Inshore – Hand line, dropline catch 
Vessels using dropline and handline gear have historically landed demersal finfish species in 
the non-managed line sector of the Pilbara fishing area under an unrestricted Fishing Boat 
Licence.  Catch and effort from this sector were examined using data from nearshore blocks 
in the CAES database that incorporate depths predominantly less than 30m.  The number of 
vessels operating in this sector peaked at approximately 50 in 1984, although a gradual 
decline in participating vessels has been recorded since, with 20 vessels operating in 2002.  
The catch and percentage composition shown in Figure 1.1.12 reveals that total landings 
(excluding sharks and rays) peaked at around 171 tonnes in 1985, with a general steady 
decline in catch since 1990 (150 tonnes) to the current level of approximately 60 tonnes in 
2002. 
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Figure 1.1.12  The total catch of the handline and dropline fishers in the inshore zone of the 
Pilbara coast and the percentage composition of key selected species. 

 

Examination of the catch and effort returns for 2002 indicate that the effective line effort can 
vary considerably, for example, some vessels use up to 400 hooks while running droplines, 
and up to 24 hooks while using handlines.  The key finfish species landed (Figure 1.1.12-
1.1.13) since 1980 from the nearshore sector of this fishery include spangled emperor 
(Lethrinus nebulosus), red emperor (Lutjanus sebae), cod (Serranidae) and Spanish mackerel 
(Scomberomorus commerson).  In recent years goldband snapper (Pristipomoides multidens) 
has formed a major component of the catch.  The goldband snapper and the other key species 
reported in the catch are commonly found in depths greater than 30 m.  This anomaly is a 
reflection of the way in which data is recorded by block within the CAES database.  
Unfortunately the catch and effort blocks are relatively large (approximately 60 � 56 nautical 
miles) and therefore by default contain fishing grounds which are greater than 30 m in depth 
where there are deep waters close to shore, and a significant proportion of the catch estimate 
for many of these blocks is derived from depths greater than 30 m even though they also 
encompass nearshore coastal waters. 

The spatial distribution of the line catch and effort in the inshore zone of the Pilbara coast is 
concentrated in the west in close proximity to the ports of Exmouth and Onslow (Figs. 1.1.14-
1.1.15). 

1.1.4.2 Pilbara Inshore – Gill Net, Beach Seine and Haul Net Catch  
Vessels using gillnets, haul nets and beach seines to land finfish in this sector have fished 
under unrestricted Fishing Boat Licences or exemption permits to land finfish from nearshore 
Pilbara waters south of the boundary for the Kimberley Gillnet and Barramundi fishery 
(19�S).  The number of vessels operating in this sector peaked at 16 in 1982, although this 
figure has steadily decreased since, with only 3 vessels fishing this area in 2002.  Total 
landings peaked during the early 1990’s at around 60 tonnes (Fig. 1.1.16), with catches 
steadily declining to just under 3 tonnes in 2002.  Catch and effort data for 2002 indicate that 
the length of gillnet used ranged from 60–120 m, while haul nets used were 120 m in length.  
Since 1980 gillnets have accounted for ~95% (584 tonnes) of the total catch, with beach 
seines and haul nets accounting for ~ 3% (19 tonnes) and ~2% (9.5 tonnes) respectively. 
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Historically the key species landed are bluenose salmon (Eleutheronema tetradactylum), 
barramundi (Lates calcarifer), sea mullet (Mugil cephalus), giant threadfin (Polydactylus 
macrochir) and various species of shark (Fig. 1.1.16).  In recent years bluenose salmon (42% 
of landed weight in 2002) and sea mullet have constituted the bulk of the total catch.  Catch 
and effort by net fishers is concentrated in close vicinity to Exmouth Gulf and the beaches 
north of Karratha (Figs. 1.1.17-1.1.18). 
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Figure 1.1.13  The total catch of the handline and dropline fishers in the inshore zone of the 
Pilbara coast and the percentage composition of key selected species. 

 

 
Figure 1.1.14  Spatial distribution of the catch from the inshore wetline fishing area along the 
Pilbara coast of north-western Australia in 2002. 
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Figure 1.1.15  Spatial distribution of the effort from the inshore wetline fishing area along the 
Pilbara coast of north-western Australia in 2002. 
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Figure 1.1.16  The total catch of the gillnet, haul net and beach seine fishers in the inshore 
zone of the Pilbara coast and the percentage composition of selected species. 
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Figure 1.1.17  Spatial distribution of the catch from the inshore gillnet/beach seine fishing 
area along the Pilbara coast of north-western Australia in 2002. 

 

 

 
Figure 1.1.18  Spatial distribution of the effort from the inshore gillnet/beach seine fishing 
area along the Pilbara coast of north-western Australia in 2002. 
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1.2  Assessment of the finfish component of the landed catch from the prawn 
trawl fisheries along north-western Australia 

The Department of Fisheries (WA) catch and effort database system (CAES) was examined to 
determine the magnitude of the reported catch of finfish by-product in each of the prawn 
fisheries in north-western Australia.  These fisheries all operate in nearshore coastal waters. 

1.2.1  Exmouth Gulf Prawn Fishery 
There are 13 vessels licensed to fish for prawns in the Exmouth Gulf Prawn Managed Fishery 
(EGPMF; Kangas and Sporer 2003).  The main fishing method is an otter trawl and all vessels 
tow quad gear (4 nets with 4.5-fathom headropes).  The EGPMF targets western king prawns 
(Penaeus latisulcatus), brown tiger prawns (Penaeus esculentus), endeavour prawns 
(Metapenaeus endeavouri) and coral prawns (Metapenaeopsis spp.).  The EGPMF has 
seasonal opening and closing dates, as well as closure periods around the full moon.  
Trawling activities in the EGPMF are restricted with fishing permitted only between 1800 and 
0800 hours each day.  Management controls include limited entry, gear restrictions, and 
controls on vessel size and power. 

The vessel monitoring system (VMS) was formally introduced to the fishery in the 2002 
fishing season by way of an amendment to the Exmouth Gulf Prawn Management Plan 1989.  
The VMS is being used to monitor compliance with temporal and spatial closures within the 
EGPMF. 

By-catch reduction devices (grids) were formally introduced to the fishery at the start of the 
2002 season by way of a condition on the managed fishery license.  Vessels are required to 
tow a grid in half the number of nets being used (that is, two grids when using quad gear).  
Full implementation of grids is expected to occur during 2003.  Similarly, it is anticipated that 
secondary by-catch reduction devices (for example, square mesh panels) will be examined 
during the 2003 fishing season.  Historically the fishery operated in shallow water areas (< 12 
m) containing sponge habitats, but the refocusing of the fishery into deeper waters to take 
larger prawns since the early 1980s has reduced this interaction. 

The catch of finfish by-product in the EGPMF has decreased in recent years and the fish 
component of the catch is low (Fig. 1.2.1).  The dominant component of the landed by-
product is shark.  The total catch of finfish by-product in 2002 (excluding sharks) was less 
than 0.1 tonnes.  A total of 2.1 tonnes of shark was also landed (Fig. 1.2.1). 
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Figure 1.2.1  The total catch of fish by-product in the EGPMF and the percentage 
composition of the major species. 

 

1.2.2 Onslow Prawn Fishery 
There are 41 vessels licensed to fish for prawns in the Onslow Prawn Managed Fishery 
(OPMF), although different classifications of licence restrict access to 3 designated areas 
within the boundaries of the fishery (Area 1, 2 and 3).  The main gear used is otter trawls with 
a 50 mm mesh size and a limit on the length of headrope.  The OPMF targets western king 
prawns (Penaeus latisulcatus), brown tiger prawns (Penaeus esculentus) and banana prawns 
(Penaeus merguiensis) and also lands a small amount of endeavour prawns (Metapenaeus 
endeavouri) and coral prawns (Metapenaeopsis spp.).  The opening and closing dates for the 
fishery vary from year to year.  The 2002-fishing season commenced on 1 March and ended 
on 15 November, which generally aligns with season dates for the adjacent EGPMF.  
However, different areas within the fishery have different season opening and closing dates 
that allows access to target species, usually tiger and banana prawns, at appropriate times. 

Management controls for the OPMF are based on limited entry, seasonal and area closures, 
gear controls and restrictions on boat size.  In 2002, by-catch reduction devices were 
introduced into the fishery with vessels required to have half their gear fitted with grids.  The 
Vessel Monitoring System was also introduced into the fishery in 2002 to monitor compliance 
with temporal and spatial closures within the OPMF. 

The amount of fish by-product landed in this fishery is negligible (Fig. 1.2.2).  The dominant 
component of the landed by-product is shark.  The total catch of finfish by-product in 2002 
was 0.2 tonnes (Fig. 1.2.2). 
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Figure 1.2.2  The total catch of fish by-product in the OPMF and the percentage composition 
of the major species. 

 

1.2.3 Nickol Bay Prawn Fishery 
There are 14 vessels licensed to fish for prawns in the Nickol Bay Prawn Managed Fishery 
(NBPMF), using otter trawls with a 50 mm mesh size.  The NBPMF has 5 major fishing areas 
with varying temporal closures.  The NBPMF targets banana prawns (Penaeus merguiensis) 
and western king prawns (Penaeus latisulcatus) and also lands brown tiger prawns (Penaeus 
esculentus), endeavour prawns (Metapenaeus endeavouri) and coral prawns (Metapenaeopsis 
spp.).  Most prawn fishing occurs in inshore areas. 

The opening and closing of the major fishing areas within the NBPMF was initially associated 
with sampling to determine an appropriate size for the banana prawns to be targeted by the 
fishery.  However, there is now a mandatory opening of the NBPMF in May.  This delayed 
opening was facilitated in order to allow prawns to increase in size and also to allow vessels 
to fish in adjoining fisheries.  The annual catch of banana prawns in the NBPMF is heavily 
influenced by environmental conditions. 

Management controls for the NBPMF are based on limited entry, seasonal and area closures, 
gear controls and restrictions on boat size.  In 2002, by-catch reduction devices were 
introduced into the fishery with vessels required to have half their gear fitted with grids.  The 
Vessel Monitoring System was also introduced into the fishery in 2002 to monitor compliance 
with temporal and spatial closures within the NBPMF. 

The seasonal total landing of fish by-product in this fishery is low (Fig. 1.2.3).  The dominant 
component of the landed by-product is shark.  The total recorded catch of finfish by-product 
in 2002 was less than 1.5 tonnes (Fig. 1.2.3). 
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Figure 1.2.3  The total catch of fish by-product in the NBPMF and the percentage 
composition of the major species. 

 

1.2.4 Kimberley Prawn Fishery 
There are 133 vessels licensed to fish for prawns in the Kimberley Prawn Managed Fishery 
(KPMF), using otter trawls with a 50 mm mesh size.  The KPMF targets banana prawns 
(Penaeus merguiensis) and operates off the northern Kimberley coast between Koolan Island 
and Cape Londonderry and abuts the western boundary of the Commonwealth Northern 
Prawn Fishery.  A significant number of vessels hold authorisations to operate in both 
fisheries, and opening and closing dates are aligned to prevent large shifts of fishing effort 
into the Kimberley fishery. 

The management controls for the KPMF are based on limited entry, seasonal closures, gear 
controls and restrictions on boat replacements.  The VMS was introduced into the fishery in 
2001.  By-catch reduction devices were required to be installed by licensees in the KPMF in 
2002. 

The landing of fish by-product in this fishery is in general negligible, although a relatively 
large amount of fish was landed in 1993 (Fig. 1.2.4). 
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Figure 1.2.4  The total catch of fish by-product in the KPMF and the percentage composition 
of the major species. 

 

 

1.3 Spatial distribution of the catch of key nearshore species 
The spatial distribution of the commercial catch of significant nearshore species from both 
reef associated habitats and open beach/estuary habitats were examined.  The blue-spot 
emperor (Lethrinus hutchinsi) is common in nearshore reef habitats in the Pilbara and is 
commonly caught and discarded by commercial line fishers.  The spatial distribution of the 
commercial catch of this species is included here as surveys of nearshore reefs with fish traps 
revealed it is a dominant part of the fish assemblage.  This species is a major component of 
the catch of the Pilbara Fish Trawl Fishery.  The spatial distribution of the commercial catch 
of blue-spot emperor is concentrated across the continental shelf from 115�E to 120�E (Fig. 
1.3.1).  There is little commercial catch of blue-spot emperor in the Kimberley region. 

The Chinaman fish (Symphorus nematophorus) is an important recreational and commercial 
species.  The commercial catch of Chinaman fish is widespread in the Pilbara region close to 
nearshore islands and reefs but is much lower and more spatially limited in the Kimberley 
region (Fig. 1.3.2).  Due to the difficulties of identifying a number of cod species (Serranidae) 
these species are often pooled by fishers on their catch returns.  Consequently it is not 
possible to examine the spatial distribution of the catch of important nearshore cod species in 
isolation.  Therefore, we have examined the distribution of the catch of all serranid species 
across north-western Australia (Fig. 1.3.3).  The catch of cods is concentrated in the nearshore 
area of the Pilbara coast and in offshore areas in the northern Kimberley region.  Cod are an 
important component of the trap, line and trawl fisheries across north-western Australia and 
their catch is widely distributed. 

The bar-cheeked coral trout (Plectropomus maculatus) is an important component of the catch 
of commercial fishers due to its value and is considered a prized angling species by 
recreational fishers.  The commercial catch is concentrated in the Pilbara region, but low 
levels of catch are widespread across north-western Australia (Fig. 1.3.4).  Similarly, the 
commercial catch of mangrove jack (Lutjanus argentimaculatus) is concentrated in the 
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Pilbara region, but low levels of catch are widespread across north-western Australia (Fig. 
1.3.5).  Mangrove jack are one of the major target species of recreational anglers in nearshore 
estuaries and creeks in the region. 

The commercial catch of barramundi (Lates calcarifer) is concentrated in the Kimberley 
region with low levels of catch reported in the Pilbara (Fig. 1.3.6).  The spatial distribution of 
the commercial catch of barramundi is directly related to the size and number of rivers and 
creeks in the Kimberley region compared to the Pilbara.  In contrast, the catch of bluenose 
threadfin salmon (Eleutheronema tetradactylum) is higher along the Pilbara coast than in the 
Kimberley region (Fig. 1.3.7).  The catch of the giant threadfin salmon (Polydactylus 
macrochir) is widespread in both the eastern Pilbara and Kimberley region, with the highest 
catches reported along the Eighty Mile Beach area (Fig. 1.3.8).  The commercial catch of 
northern mulloway or black jewfish (Protonibea diacanthus) is reported only from Roebuck 
Bay and King Sound (Fig. 1.3.9). 

The commercial catch of mullet (Fig. 1.3.10) and whiting (Fig. 1.3.11) are generally restricted 
to the Pilbara coast, with catches highest in the region of Exmouth Gulf. 

 

  
Figure 1.3.1  Spatial distribution of the commercial catches of blue-spot emperor (Lethrinus 
hutchinsi) across north-western Australia in 2002. 
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Figure 1.3.2  Spatial distribution of the commercial catches of Chinaman fish (Symphorus 
nematophorus) across north-western Australia in 2002. 

 

 

 
Figure 1.3.3  Spatial distribution of the commercial catches of cod (Serranidae) across north-
western Australia in 2002. 
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Figure 1.3.4  Spatial distribution of the commercial catches of bar cheeked coral trout 
(Plectropomus maculatus) across north-western Australia in 2002. 

 

 
Figure 1.3.5  Spatial distribution of the commercial catches of mangrove jack (Lutjanus 
argentimaculatus) across north-western Australia in 2002. 
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Figure 1.3.6  Spatial distribution of the commercial catches of barramundi (Lates calcarife
across north-western Australia in 2002. 

r) 

 

 

 
Figure 1.3.7  Spatial distribution of the commercial catches of bluenose threadfin salmon 
(Eleutheronema tetradactylum) across north-western Australia in 2002. 
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Figure 1.3.8  Spatial distribution of the commercial catches of giant threadfin salmon 
(Polydactylus macrochir) across north-western Australia in 2002. 

 

 

 
Figure 1.3.9  Spatial distribution of the commercial catches of northern mulloway or black 
jewfish (Protonibea diacanthus) across north-western Australia in 2002. 
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Figure 1.3.10  Spatial distribution of the commercial catches of mullets (Mugilidae) across 
north-western Australia in 2002. 

 

 

 
Figure 1.3.11  Spatial distribution of the commercial catches of whiting (Sillaginidae) across 
north-western Australia in 2002. 
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1.4 Recreational catch and effort in the Pilbara and West Kimberley region 

1.4.1 Introduction 
The Department of Fisheries (Western Australia) conducts creel surveys of recreational 
fishing activities in each of the states bioregions on a semi-rotational basis.  The objectives of 
these creel surveys are to record and monitor changes in recreational catch and fishing effort.  

ssessment of the 

r at 129�E and includes approximately 

he survey design and methodology including spatial and temporal stratification are described 
 detail in Williamson et al. (in prep.).  Boats launched at public boat ramps were surveyed 

using the bus route method, whereas boats launched from beaches and shore-based fishing 
activities were assessed using a roving creel survey.  The methods for estimating the total 
recreational catch and effort and their associated confidence intervals are also described in 
detail in Williamson et al. (in prep.). 

1.4.3 Results 
The total annual recreational fishing effort was estimated to be 190,000 fisher days in the 
Pilbara and West Kimberley region.  The total annual recreational catch of finfish was 
estimated to be ~320 tonnes (range 270-370 tonnes).  The estimated total recreational catch of 
finfish varied among the sampling districts and the fishing platforms surveyed (either boat or 
shore based).  The total recreational catch estimates from boats among districts varied from 3-
73 tonnes.  The total recreational catch estimates of shore based fishers ranged from 4-53 
tonnes and were concentrated in the area from Karratha to Broome (Table 1.4.1).  The total 
recreational catch estimates from boats launched over beaches ranged from 8-22 tonnes and 
was also concentrated in the area from Karratha to Broome (Table 1.4.1).  The region from 
Karratha to Broome has more access points along the coast that the region from Onslow to 
Karratha. 

It is anticipated that each of the bioregions will be surveyed approximately every five to six 
years on an ongoing basis. 

Information on the recreational catch and fishing effort for each bioregion of Western 
Australia is used to develop management strategies.  These data assist in the a
status of stocks, and provide fishing quality indicators such as catch rates, size composition, 
and the variety of species caught.  This information will also be used in the development of a 
management plan for each bioregion and will form the basis for future management decisions 
to improve or maintain the quality and diversity of recreational fishing experiences, and to 
achieve equity between different users of this resource. 

The Pilbara/Kimberley bioregion encompasses the area from 114�50’E, a line west of the 
Ashburton River near Onslow to the WA/NT borde
2,000 kilometres of coastline.  The bioregion includes many remote and isolated recreational 
fishing locations.  Baharthah and Sumner (2002) estimated via a telephone survey that the 
recreational fishing participation rate for marine waters between Onslow and the WA/NT 
border was approximately 12% of Western Australia’s recreational anglers or in excess of 
70,000 anglers per year generating over 1 million fishing days.  However, due to logistical 
constraints the creel survey of the Pilbara/Kimberley bioregion only extended from Onslow to 
Broome, representing the Pilbara and West Kimberley areas (Williamson et al. in prep.).  The 
objective of this part of the project is to provide a summary of the recreational catch and 
fishing effort estimates for the Onslow to Broome section of the Pilbara/Kimberley bioregion 
of Western Australia that were derived by Williamson et al. (in prep.).  The estimated catch 
for all species recorded is presented together with information on each of the individual 
species or species groups targeted. 

1.4.2 Methods 
T
in
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T
a

he total recreational fishing effort (in fisher days) also varied among the sampling districts 
nd the fishing platforms surveyed (Figs. 1.4.1-1.4.4).  Dampier and Broome were the key 

fort expended in each of these locations was in excess of 
0,000 fisher days over the 12-month survey period (Fig. 1.4.1 and 1.4.4).  In addition, the 
vel of recre ally higher in the dry season than in the wet 

season at all locations and acros ing methods surveyed .3). 

The estimated total recreational catches by numbers for the major of finfish caught by 
boats launche ublic boat ramps in each district from the Pi a and West Kimberley 
region are sh able 1.4.2.  In addition, the total recreation atch by weight for the 
major species ach of these districts are shown in Table 1.4.3.   

The estimated onal catches by numbers for the major s s of finfish caught by 
shore based f  the patrol areas from Onslow to Broome are shown in Table 
1.4.4.  In addition, the total recreational catch by weight for the major species of finfish 
caught by sh rs in each of the patrol areas are shown in Table 1.4.5.  The 
estimated total recreational ca or the major species ght from boats 
launched over beaches in each of the patrol areas from Onslo ome are shown by 
numbers in Ta ight in Table 1.4.7. 

The finfish sp ishers tend to be associated with open beaches and 
mangrove-creek systems (Table 1.4.4-1.4.5).  In contrast, the landed by boat-
based fishers tend to be associated with reefs as well as mangrove stems.  Overall, the 
top 20 specie onal fishers in the Pilbara and We rley region were 
stripey seaper otatus), blue-lined emperor (Lethrinus laticaudis), spangled 
mperor (Lethrinus nebulosus), spotted mackerel (Scomberomorus munroi), golden trevally 

), mangrove jack (Lutjanus argentimaculatus), Spanish mackerel 
(Scomberomorus commerson), Moses perch (Lutjanus russelli), blackspot tuskfish 
(Choerodon shoenleinii), estuary cods (Epinephelus coioides and E. malabaricus), giant 
threadfin salmon (Polydactylus macrochir), western yellowfin bream (Acanthopagrus latus), 
school mackerel (Scomberomorus queenslandicus), spotted javelinfish (Pomadasys kaakan), 
big-eye trevally (Caranx sexfasciatus), coral trout (Plectropomus maculatus), giant trevally 
(Caranx ignobilis), Chinaman fish (Symphorus nematophorus), blue-spot emperor (Lethrinus 
hutchinsi) and northern mulloway or black jewfish (Protonibea diacanthus). 

 

centres where recreational catch and effort was concentrated (Table 1.4.1, Fig. 1.4.1-1.4.4).  
The total recreational fishing ef
3
le ational fishing effort was substanti

s all fish  (Figs. 1.4.1-1.4

 species 
d from p lbar
own in T al c
 of finfish for e

 total recreati pecie
ishers in each of

ore based fishe
tches f  of finfish cau

w to Bro
ble 1.4.6 and by we

ecies landed by shore-based f
 finfish species 

-creek sy
s landed by recreati st Kimbe
ch (Lutjanus carpon

e
(Gnathanodon speciosus
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Table 1.4.1  Estimated total recreational catch (tonnes) of finfish in each district in the survey 
area from Onlsow to Broome. 

 
Boats launched from public ramps 

District Estimated Catch 
(tonnes) 

Onslow 10 
D ier 73 amp
K tha 7 arra
Point Samson 14 
Port Hedland 23 
Cape Keraudre 3 n 
Broome 62 
Shore Fishers 

District Estimated Catch 
(tonnes) 

Onslow to Kar 4 ratha 
Karratha to Broome 53 
Boats launched over beaches 

District Estimated 
(tonnes) 

Catch 

Onslow to Kar 8 ratha 
K tha to Bro 22 arra ome 
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Table 1.4.2  Estimated total recreational catch by numbers for the major species of finfish 
aught by boats launched at public boat ramps in each district in the survey area from Onslow 
 Broo

 
Onslow

c
to me. 

 
R  cies Number pt ank Spe Ke

1. Lutjanus carponotatus 1,416 
2. Lethrinus nebulosus 894 
3. Gnathanodon speciosus 444 
4. Lutjanus argentimaculatus 335 
5. Carangidae (general) 320 
6. Lethrinus laticaudis 299 
7. Epinephelus coioides/malabaricus 299 
8. Scomberomorus commerson 197 
9. Pristipomoides filamentosus 184 
10. Acanthopagrus latus 151 

 
Dampier 

R  s Number pt ank Specie Ke
1. Scomberomorus munroi 4,906 
2. Lutjanus carponotatus 3,308 
3. Lethrinus laticaudis 2,672 
4. Plectropomus maculatus  2,297 
5. Lethrinus nebulosus 2,147 
6. Scomberomorus commerson 2,024 
7. Gnathanodon speciosus 1,978 
8. Choerodon schoenleinii 1,864 
9. Lutjanus argentimaculatus 1,128 
10. Epinephelus coioides/malabaricus 997 

 
Karratha 

R  Number pt ank Species Ke
1. Polynemidae (general) 1,073 
2. Lethrinus laticaudis 944 
3. Lutjanus argentimaculatus 826 
4. Acanthopagrus palmaris 447 
5. Epinephelus coioides/malabaricus 422 
6. Lates calcarifer 298 
7. Platycephalus endrachtensis 236 
8. Lethrinus hutchinsi 230 
9. Symphorus nematophorus 188 
10. Acanthopagrus latus 151 
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Table 1.4.2  continued. 

 
Point Samson 

Rank Species Number Kept 
1. Lethrinus laticaudis 1,484 
2. Lethrinus nebulosus 1,180 
3. Lutjanus carponotatus 669 
4. Scomberomorus munroi 664 
5. Lutjanus argentimaculatus 546 
6. Lutjanus sebae 355 
7. Symphorus nematophorus 311 
8. Lethrinus miniatus 307 
9. Epinephelus coioides/malabaricus 304 
10. Gnathanodon speciosus 220 

 
Port Hedland 

Rank Species Number Kept 
1. Lethrinus laticaudis 3,446 
2. Lutjanus carponotatus 1,497 
3. Lethrinus nebulosus 784 
4. Scomberomorus queenslandicus 755 
5. Gnathanodon speciosus 637 
6. Acanthopagrus latus 564 
7. Scomberomorus munroi 525 
8. Lutjanus argentimaculatus 478 
9. Carangoides gymnostethus 473 
10. Polynemidae (general) 462 

 
Cape Keraudren 

Rank Species Number Kept 
1. Lethrinus laticaudis 547 
2. Lutjanus argentimaculatus 327 
3. Lutjanus carponotatus 326 
4. Acanthopagrus palmaris 107 
5. Epinephelus coioides/malabaricus 103 
6. Lethrinus nebulosus 98 
7. Acanthopagrus latus 89 
8. Lutjanus russelli 87 
9. Symphorus nematophorus 81 
10. Pomadasys kaakan 81 
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Table 1.4.2  continued. 

 
Broome 

Rank Species Number Kept 
1. Lutjanus carponotatus 10,435 
2. Lethrinus laticaudis 5,423 
3. Polynemidae (general) 2,749 
4. Lutjanus russelli 2,561 
5. Caranx sexfasciatus 1,893 
6. Lethrinus nebulosus 1,780 
7. Pomadasys kaakan 1,654 
8. Gnathanodon speciosus 1,329 
9. Arius thalassinus 1,301 
10. Carangidae (general) 1,208 
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Table 1.4.3  Estimated total recreational catch by weight for the major species of finfish 
caught b hed at public boat ramps in each district in the survey area from Onslow 
to Broome. 
 

Onslow

y boats launc

 
R  Weigank Species ht (kg) 

1. Lethrinus nebulosus 1,629 
2. Gnathanodon speciosus 1,403 
3. Scomberomorus commerson 1,362 
4. Carangidae (general) 1,041 
5. Lutjanus carponotatus 722 
6. Epinephelus coioides/malabaricus 688 
7. Lethrinus laticaudis 362 
8. Plectropomus maculatus 322 
9. Lutjanus argentimaculatus 230 
10. Caranx ignobilis 179 
11. Lethrinus miniatus 159 
12. Scomberomorus munroi 156 

 
Dampier 

Rank Species Weight (kg) 
1. Scomberomorus commerson 13,969 
2. Gnathanodon speciosus 6,243 
3. Plectropomus maculatus 5,980 
4. Scomberomorus munroi 5,956 
5. Choerodon schoenleinii 4,958 
6. Lethrinus nebulosus 3,913 
7. Lethrinus laticaudis 3,236 
8. Lutjanus sebae 2,956 
9. Symphorus nematophorus 2,395 
10. Epinephelus coioides/malabaricus 2,296 
11. Lutjanus carponotatus 1,687 
12. Carangoides fulvoguttatus 1,550 
13. Caranx ignobilis 1,406 
14. Lethrinus miniatus 1,289 
15. Scomberomorus queenslandicus 988 
16. Lutjanus argentimaculatus 774 
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Table 1.4.3  continued. 
 

Karratha 
Rank Species Weight (kg) 

1. Polynemidae (general) 1,264 
2. Lethrinus laticaudis 1,144 
3. Epinephelus coioides/malabaricus 972 
4. Symphorus nematophorus 876 
5. Lutjanus argentimaculatus 566 
6. Choerodon schoenleinii 238 
7. Caranx ignobilis 222 
8. Gnathanodon speciosus 207 
9. Acanthopagrus palmaris 201 
10. Lutjanus sebae 190 
11. Plectropomus maculatus 180 
12. Lethrinus nebulosus 138 
13. Scomberomorus munroi 130 

 
Point Samson 

Rank Species Weight (kg) 
1. Lethrinus nebulosus 2,151 
2. Lethrinus laticaudis 1,797 
3. Symphorus nematophorus 1,445 
4. Lutjanus sebae 1,309 
5. Scomberomorus commerson 998 
6. Scomberomorus munroi 806 
7. Epinephelus coioides/malabaricus 700 
8. Gnathanodon speciosus 695 
9. Plectropomus maculatus 516 
10. Lethrinus miniatus 450 
11. Choerodon schoenleinii 448 
12. Lutjanus argentimaculatus 375 
13. Lutjanus carponotatus 341 

 
Port Hedland 

Rank Species Weight (kg) 
1. Lethrinus laticaudis 4,173 
2. Scomberomorus commerson 2,540 
3. Gnathanodon speciosus 2,011 
4. Lethrinus nebulosus 1,429 
5. Symphorus nematophorus 1,200 
6. Lutjanus sebae 937 
7. Epinephelus coioides/malabaricus 922 
8. Lutjanus carponotatus 763 
9. Scomberomorus queenslandicus 750 
10. Scomberomorus munroi 637 
11. Arius thalassinus 573 
12. Caranx ignobilis 564 
13. Polynemidae (general) 544 
14. Choerodon schoenleinii 348 
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Table 1.4.3  continued. 
 

Cape Keraudren 
Rank Species Weight (kg) 

1. Lethrinus laticaudis 663 
2. Symphorus nematophorus 376 
3. Lutjanus argentimaculatus 224 
4. Lethrinus nebulosus 179 
5. Gnathanodon speciosus 179 
6. Lutjanus carponotatus 166 
7. Pomadasys kaakan 88 
8. Lutjanus russelli 83 
9. Epinephelus coio baricus 65 ides/mala
10. Scomberomorus commerson 54 
11. Acanthopagrus palmaris 48 
12. Plectropomus maculatus 46 
13. Acanthopagrus latus 40 

 
Broome 

R  Weank Species ight (kg) 
1. Lethrinus laticaudis 6,567 
2. Lutjanus carponotatus 5,322 
3. Caranx ignobilis 4,493 
4. Gnathanodon speciosus 4,196 
5. Arius thalassinus 4,173 
6. Scomberomorus commerson 4,045 
7. Lethrinus nebulosus 3,244 
8. Polynemidae (general) 3,238 
9. Carangidae (general) 2,886 
10. Choerodon schoenleinii 2,542 
11. Lutjanus russelli 2,446 
12. Pomadasys kaakan 1,811 
13. Caranx sexfasciatus 1,653 
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Table 1.4.4  Estimated total recreational catch by numbers for the major species of finfish 
caught by shore based fishers in each of the patrol areas from Onslow to Broome. 
 

Onslow – Karratha Patrol 
Rank Species Number Kept 

1. Acanthopagrus latus 2,537 
2. Sillaginidae (general) 1,854 
3. Acanthopagrus palmaris 780 
4. Johnius amblycephalus 550 
5. Choerodon schoenleinii 307 
6. Polynemidae (general) 275 

 
Karra roome Patrol tha – B

R  cies Number pt ank Spe Ke
1. Mugilidae (general) 21,098 
2. Polynemidae (general) 7,836 
3. Amniataba caudovittatus 7,014 
4. Sillaginidae (general) 5,177 
5. Carangidae (general) 4,047 
6. Acanthopagrus latus 3,861 
7. Hemiramphidae (general) 2,026 
8. Lethrinus miniatus 1,847 
9. Arius graeffei 1,539 
10. Pomadasys kaakan 1,501 

 
 
Table 1.4.5  E ated to y weight for the major s of finfish 
caught by shore sed fishe ol areas from Onslow to Br
 

Onslow arratha 

stim tal recreational catch b  specie
 ba rs in each of the patr oome. 

 – K Patrol 
Rank Species Weight (kg) 

1. Acanthopagrus latus 1,129 
2. Choerodon schoenleinii 816 
3. Acanthopagrus palmaris 351 
4. Polynemidae (general) 324 
5. Gnathanodon speciosus 290 
6. Sillaginidae (general) 189 
7. Arius graeffei 132 

 
Karratha – Broome Patrol 

Rank Species Weight (kg) 
1. Carangidae (general) 12,776 
2. Mugilidae (general) 12,427 
3. Polynemidae (general) 9,231 
4. Choerodon schoenleinii 3,102 
5. Lethrinus miniatus 2,704 
6. Arius graeffei 1,767 
7. Acanthopagrus latus 1,718 
8. Epinephelus coioides/malabaricus 1,661 
9. Pomadasys kaakan 1,643 
10. Amniataba caudovittatus 1,403 
11. Sillaginidae (general) 528 
12. Hemiramphidae (general) 182 
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Table 1.4.6  Estimated total recreational catch by numbers for the major species of finfish 
caught from boats launched over beaches in each of the patrol areas from Onslow to Broome. 
 

Onslow – Karratha Patrol 
Rank Species Number Kept 

1. Lethrinus laticaudis 913 
2. Choerodon schoenleinii 767 
3. Lutjanus argentimaculatus 730 
4. Polynemidae (general) 730 
5. Lutjanus carponotatus 694 

 
Karratha – Broome Patrol 

Rank Species Number Kept 
1. Lethrinus laticaudis 2,676 
2. Choerodon schoenleinii 2,248 
3. Lutjanus argentimaculatus 2,141 
4. Polynemidae (general) 2,141 
5. Lutjanus carponotatus 2,034 

 
 
 
Table 1.4.7  Estimated total recreational catch by weight for the major spec es of finfish 

Onslow – Karratha Patrol 

i
caught from boats launched over beaches in each of the patrol areas from Onslow to Broome. 
 

Rank Species Weight (kg) 
1. Choerodon schoenleinii 2,039 
2. Lethrinus laticaudis 1,105 
3. Polynemidae (general) 860 
4. Lutjanus argentimaculatus 501 
5. Lutjanus carponotatus 354 

 
Karratha – Broome Patrol 

Rank Species Weight (kg) 
1. Choerodon schoenleinii 5,980 
2. Lethrinus laticaudis 3,241 
3. Polynemidae (general) 2,522 
4. Lutjanus argentimaculatus 1,469 
5. Lutjanus carponotatus 1,037 
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Effort from boats launched from public ramps
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Figure 1.4.1  Estimated seasonal recreational fishing effort for boats launched from public 
boat ramps in each district in the survey area from Onslow to Broome (effort is in fisher 
days). 
 
 
 

Effort from shore-based fishers
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igure 1.4.2  Estimated seasonal recreational fishing effort from shore based fishers in each 
of the patrol areas from Onslow to Broome (effort is in fisher days). 
 
 
 
 

F
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Effort from boats launched from beaches
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Figure 1.4.3  Estimated seasonal recreational fishing effort for boats launched over beaches in 
each of the patrol areas from Onslow to Broome (effort is in fisher days). 
 
 

 
Figure 1.4.4  Spatial distribution of recreational fishing effort in the survey area from Onslow 
to Broome. 
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1.5 Charter vessel catch and effort in the Pilbara/Kimberley bioregion 

hly reporting of the catch and effort by charter vessels has been 
quired.  The following data is a summary of the 2002 charter vessel catch from the 

y bioregion.  This data is derived from the chart tch and effort 
database system. 

There are a total of 111 licensed charter vessel operators for the Pi  
In 2002 there were only 63 (57%) active operators in the Pilbara/Kimberle
active licen een chartere e la r 

onducted Pilbara berley ion by rter 
shing tou e av umber  

he char e total ount of effort for 
ra/Kim  bior for 2002 as 18, 358 sher 

 by chart sel ope n the Pilbara/Kim rley 
 terms of  important 

e Pilbar berle gion ar pangled em eror 
(Lutjanus carponotatus), den snap  or 

), mangrove jack us ar aculat  barramundi 

In September 2001 the charter vessel industry in Western Australia was formally regulated.  
Since this time, statutory mont
re
Pilbara/Kimberle er boat ca

lbara/Kimberle
y b

year). 

y bioregion. 
ioregion (an 

ce is a licence that has b d in th st calenda

In 2002, a total of 3,628 tours were c  in the /Kim bioreg cha
vessels, of which, 2,954 (81%) were fi rs.  Th erage n of clients per tour in
the Pilbara/Kimberley bioregion was 10.3 fis rs per ter.  Th am
extractive tours by operators in the Pilba berley egion  w  fi
days. 

The species most commonly landed er ves rators i be
bioregion are listed in Table 1.5.1.  In
species landed by charter vessels in th

the numbers of fish kept,
a/Kim

 the most
e sy biore p

(Lethrinus nebulosus), stripey seaperch gol per
fingermark (Lutjanus johnii (Lutjan gentim us) and
(Lates calcarifer). 
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Table 1.5.1.  List of the top ten species landed by charter vessel operators in the 
Pilbara/Kimberley bioregion. 

 

Species (Common Name) Kept Released 

Estimated 
weight kept 

(tonnes) using 
average weight 

from 
Operators 

Estimated 
weight kept 

(tonnes) using 
length /weight 
relationship 

Lethrinus nebulosus (Spangled emperor) 2,510 451 7 6 
Lutjanus carponotatus (Stripey seaperch) 1,773 4,613 1 1 
Lutjanus johnii (Golden snapper or Fingermark) 1,632 2,722 4 # 
Lutjanus argentimaculatus (Mangrove jack) 1,588 2,239 3 2 
Lates calcarifer (Barramundi) 1,566 6,129 8 7 
Lutjanus malabaricus (Scarlet seaperch) 1,485 589 4 3 
Lethrinus laticaudis (Blue-lined emperor) 1,474 1,006 3 2 
Scomberomorus commerson (Spanish mackerel) 1,281 570 14 13 
Lutjanus sebae (Red emperor) 1,015 526 4 4 
Symphorus nematophorus (Chinaman fish) 1,001 52 4 5 

# = no length/weight relationship available. 

 
 

1.6 Discussion 
The overall catch of the key species of commercial, recreational and charter fishing 
significance has been assessed.  In the Kimberley region (from 120�E to the NT border) there 
are two commercial fisheries that overlap in area, but use different methods of capture.  The 
inshore sector of the NDSF is a handline only fishery, while the KGBF utilises gillnets.  
Consequently, the habitats and areas fished within each fishery differ.  The key species in the 
inshore sector of the NDSF are those associated with reef habitats and include blue-lined 
emperor, estuary cods and golden snapper.  The catch from the inshore sector of the NDSF is 
very low.  The key species in the KGBF are associated with rivers, creeks and open beaches 
and include the giant threadfin salmon, bluenose threadfin salmon and barramundi.  The 
landed catch of the KGBF is significant for these species (a total of approximately 120 tonnes 
of finfish per year). 

The estimated total commercial catch by weight from all fishing methods for the major 
species of finfish caught in the nearshore waters of the Pilbara and Kimberley bioregion in 
2002 are listed in Table 1.6.1.  The estimated total commercial catch from the nearshore 
waters of the Pilbara and Kimberley bioregion in 2002 was 589 tonnes.  This is comparable to 
the recreational fishing catch that was estimated to be approximately 320 tonnes in the area 
from Onslow to Broome only. 

The recreational catch from the West Kimberley region (including the districts of Cape 
Keraudren and Broome) encompasses species that are landed by both the handline and gillnet 
based commercial fisheries.  In addition, the catch of charter vessels reflects similar target 
species to each of these commercial fisheries.  Therefore, in the Kimberley region the key 
species of commercial, recreational and charter fisheries comprise both reef associated species 
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and species that utilise mangrove creek and open beach systems.  In terms of total fish 
landings from all sectors the dominant species are giant threadfin salmon, bluenose threadfin 
salmon, barramundi, blue-lined emperor, stripey seaperch, spangled emperor, golden snapper, 
mangrove jack, Moses perch, Chinaman fish and a number of trevally species. 

 should be noted that at the time of the recreational survey th  
etting and hau gion that had be ptember 

 Howe ns w creational 
fi d to use ed qu of t threadfin 
salmon, bluenose threadfin salm y recreational fisher ncrease in 
fu al c lmon creased substantially 
si  nettin  199  sel  of gillnets 
a of the ava y com ial, tional and 
in rs required furth  This information will be invaluable for 
fu e 

In region (from 11 0�E) there are three erc ries that 
e operate in distinct are  is confined to outh Gulf, while the 
g  are limited to bara, while th egu ine fishery 
o es mostly in offshore water get species of the EGB e n ey species 
la er recreational or c ers.  In contrast, y sp n the catch 
of ercial line and gilln  those of rea and charter 
b s also the ca we eef associated species 
dominate the landed catch from the Pilbar fish landings from all 
se inant species in t  region are stripey sea , bl d emperor, 
sp ly, man oses perch, blackspot tus cods, giant 
th aman f

It ere wa
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s a prohibition on
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1995 (Notice No. 691). 
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ver, in 2003 the regulatio
 haul nets.  Thus the land
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on and barramundi b s may i
ture years.  The commerci
nce the prohibition on set

atch of giant threadfin sa
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 has in
5.  The ectivity

nd the proportion ilable stock harvested b merc recrea
digenous fishe er investigation. 
ture stock assessments of thes species. 
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Table 1.6.1  Estimated total commercial catch by weight from all methods fo
 of finfish caught in th

r the major 
species e nearshore waters of the Pilbara and Kimberley bioregion in 
2002. 

 

   Common Name     Scientific Name 
Catch 
(kg) 

% Total 
Catch  

Spanish mackerel Scomberomorus commerson 312,257 52.99% 
Giant threadfin salmon Polydactylus macrochir 155,693 26.42% 
Barramundi Lates calcarifer 40,104 6.81% 
Grey mackerel (broad barred) Scomberomorus semifasciatus 12,086 2.05% 
Blue threadfin salmon Eleutheronema tetradactylum 8,929 1.52% 
Mackerel (other) Scomberomorus sp. 8,644 1.47% 
Black jewfish (northern mulloway) Protonibea diacanthus 7,129 1.21% 
Emperor species Lethrinus sp. 4,604 0.78% 
Trevally (other) Carangidae 4,109 0.70% 
Sea mullet Mugil cephalus 4,100 0.70% 
Spangled emperor Lethrinus nebulosus 3,988 0.68% 
Cod Serranidae 3,779 0.64% 
Red emperor Lutjanus sebae 2,746 0.47% 
Rankin cod Epinephelus multinotatus 2,318 0.39% 
Western sand whiting Sillago analis and S. schomburgkii 2,286 0.39% 
Mullet (other) Mugilidae 1,844 0.31% 
Whiting (other) Sillago sp. 1,795 0.30% 
Sea catfish (golden cobbler) Arius thalassinus 1,627 0.28% 
Hardy head Atherinidae 1,382 0.23% 
Sea garfish Hemiramphidae 1,216 0.21% 
Other fish   845 0.14% 
Cobia (black kingfish) Rachycentron canadus 797 0.14% 
Golden trevally Gnathanodon speciosus 783 0.13% 
Maroon sea perch Lutjanus lemniscatus 954 0.13% 
Queenfish Scomberoides sp. 713 0.12% 
Blue-spot emperor Lethrinus hutchinsi 670 0.16% 
Red snapper Lutjanus erythropterus 562 0.10% 
Tripletail Lobotes surinamensis 532 0.09% 
Western yellowfin bream Acanthopagrus latus 464 0.08% 
W Choerodon sp. 449 0.08% rasses (groper) 
Mangrove jack Lutjanus argentimaculatus 379 0.06% 
C 334 0.06% oral trout Plectropomus maculatus 
Chinaman fish Symphorus nematophorus 288 0.05% 
Scarlet sea perch (Saddletail) Lutjanus malabaricus 221 0.04% 

LGolden snapper (fingermark) utjanus johnii 189 0.03% 
Long nose emperor Lethrinus olivaceous 185 0.03% 
Wahoo Acanthocybium solandri 182 0.03% 
Moses perch Lutjanus russelli 104 0.02% 
Total (kg)   589,287   
Total Number Of Fishing Days   3,676   
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2.0 Fish faunas of nearshore, shallow waters of the Pilbara and 
Kimberley coasts 

ore marine waters have long been recognised as important nursery habitats for various 
sh species in both temperate and tropical environments (e.g. Lasiak, 1981; Gibson et al., 
993; Blaber, 2002). These waters provide an abundant source of food for juvenile fish and a 

less likelihood of predation by piscivorous fish than in waters further offshore. The juveniles 
of some species occupy mainly unvegetated areas, whereas those of others are found 
predominantly in either mangroves, seagrass or intertidal pools (e.g. Beckley, 1985; 
Robertson & Duke, 1990a,b; Laegdsgaard & Johnson, 1995; Travers & Potter, 2002; 
Griffiths, 2003).  
The coastline of the Pilbara and Kimberley regions of north-western Australia is subjected to 
some of the largest tides in the world, i.e. >10m in tidal height in some areas during spring 
tides. The nearshore, shallow waters of this region receive very little fresh water input, apart 
from in some areas in the far eastern region of the Kimberley which contain large rivers. The 
extreme remoteness of the Pilbara and Kimberley coastline largely accounts for the fact that 
there has been only one study of the fish faunas of its nearshore waters. These were conducted 
in the Dampier region at 20°40' S, 116°40' E (Blaber et al., 1985; Blaber, 1986). The result of 
that study indicated that the juvenile fish in the nearshore, shallow waters of that region were 
subjected to heavy predation as a result of the waters being particularly clear, thus facilitating 
the detection of prey by predators. Since the juveniles of very few of the fish species found in 
water depths >20m on the North West Shelf were caught in nearshore waters, it was 
concluded that the latter waters did not constitute a significant nursery area for any of the 
commercially important deeper-water species of that region. The list of fish species provided 
by Blaber et al. (1985) for the Dampier region is complimented by those compiled by staff at 
the Western Australian Museum for the Kimberley region further to the north (Allen, 1992; 
Hutchins, 1995, 1996; Morrison & Hutchins, 1997). 
The aim of this part of the project was to sample the fish faunas in nearshore waters of three 
locations, Cape Keraudren, Eighty Mile Beach and Port Smith, along the Pilbara and 
Kimberley coasts with the view to determining the following. 
1. The fish species which (a) use bare sand, mangroves and/or intertidal pools as nursery 

areas and (b) spend the whole of their life-cycle in one or more of those habitats. This will 
focus on the species that are caught commercially and/or recreationally along the Pilbara 
and Kimberley coasts. 

2. The ways in which the characteristics of the faunas in nearshore, shallow waters are 
influenced by latitudinal position, habitat type and season. 

 
2.2 Materials and Methods 
2.2.1 Sampling locations 
The fish assemblages in nearshore, shallow waters at three locations along the Pilbara and 
Kimberley coasts of north-western Australia were sampled using seine and gill nets and the 
ichthyocide rotenone. This range of sampling methods enabled a number of different habitats 
to be sampled, including bare sand shorelines, mangroves and intertidal pools.  

The southernmost location sampled, Cape Keraudren (19°57′ S, 119°46′ E), is situated ca 
2000 km north of Perth and ca 150 km north east of Port Hedland (Fig. 2.2.1). The rocky 
headland at Cape Keraudren marks the southern boundary of Eighty Mile Beach. An area of 
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Figure 2.2.1    Map of north-western Australia showing the coastal locations ( ● ) where the 
nearshore, shallow water fish communities were sampled. In insets A and B, M and S refer to 
sampling sites in mangroves and over bare sand and R to intertidal pools where rotenone was 
used. 
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ca 760 ha of relatively extensive mixed mangal environment with moderate creek 
development is located immediately to the south west of the cape (Fig. 2.2.1a). Although 
Rhizophora stylosa is the dominant species of mangrove in this area, other mangrove species 
are present, such as Osbornia octodonata, Bruguiera exaristata, Aegiceras corniculatum, 
Ceriops tagal, Excoecaria agallocha, Avicennia marina and Aegialitis annulata (Paling, 
1996). On low tides, the water recedes from the mangroves leaving small to medium-sized 
tidal pools and exposing extensive intertidal platforms consisting of silt and rock. Similar 
examples of this type of headland and bay complex exist to the south west. To the north east 
of Cape Keraudren, the predominantly open beach coastline of Eighty Mile Beach stretches 
for approximately 220 km, broken occasionally by the presence of small tidal creeks or rock 
outcrops. 

The second sampling location was located near the middle of Eighty Mile Beach 
(19°45′ S, 120°40′ E), close to Wallal Station, which is situated approximately 100 km to the 
north east of Cape Keraudren (Fig. 2.2.1). The section of Eighty Mile Beach sampled during 
this study had a north-west orientation, very slight gradient and contained no creeks or 
headlands. The slight gradient of the beach at the Eighty Mile Beach location, in combination 
with the large tidal range (>10m), results in very large areas of sand, silt and mud becoming 
exposed during low spring tide, with the distance between the high and low water marks often 
exceeding 2000 m. These extensive tidal flats contain a high diversity of invertebrates 
(Piersma et al., 1999) and sustain large numbers of migratory shorebirds, which has resulted 
in the area being recognized as a “Wetland of International Importance” following the 
guidelines of the 1974 Ramsar convention on wetlands 

(http://www.ramsar.org/profiles_australia.htm). 

The most northerly of the locations sampled was Port Smith (18°30′ S, 121°47′ E), which is 
located approximately 100 km south of Broome and ca 300 km north east of Cape Keraudren 
(Fig. 2.2.1). The area sampled at Port Smith consists of a large tidal lagoon formed by a 
breached dune ridge and is an example of the dominant type of bay found in this area. The 
lagoon, which runs along the landward side of the dune ridge, is fringed by an extensive (ca 
670 ha) mangal development that is dominated by Rhizophora stylosa and Avicennia marina. 
On high spring tides, the fringing mangroves are inundated, however, as the tide recedes, the 
lagoon almost totally empties through a deep entrance channel connecting the lagoon to the 
ocean. On low spring tides, vast areas of sand and broken shell become exposed, with the 
only water remaining within the lagoon being found near the entrance channel and in 
intertidal pools of varying size. 

2.2.2 Sampling regime and equipment 
Cape Keraudren, Eighty Mile Beach and Port Smith were each sampled four times annually 
between December 2000 and November 2002 (Table 2.2.1). Thus, each location was sampled 
twice in each of the following “seasons”: early wet (November to January), late wet (February 
to April), early dry (May to July) and late dry (August to October) (Table 2.2.1). 

The bare sand habitats at Cape Keraudren, Eighty Mile Beach and Port Smith, and the 
mangroves at the first and last of these locations, were sampled using a 60 m composite gill 
net. This gill net was 2 m high and consisted of six 10 m long monofilament panels, each with 
a different stretched mesh width of either 51, 76, 102, 127, 152 or 178 mm. For sampling bare 
sand substrates, the gill net was set parallel to the shoreline at low to mid tide and fixed in 
place using fencing pickets. The net was located in a position that would ensure that it would 
be covered by the incoming tide to a maximum depth of approximately 1.5-2.0 m for a period 
of approximately 3h (Plates 2.2.1, 2.2.2). When sampling mangroves, the gill net wa
extended parallel to the shoreline and attached to mangrove trunks in an area where it would 
likewise be covered to a maximum depth of 1.5-2.0 m for 3h at high tide (Plate 2.2.3).  
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Plate 2.2.1 Bare sand habitat at Eighty Mile Beach during mid tide which was sampled with 
the staked composite gill net (pictured) and the 60 m seine net. 
 
 
 

 
 

Plate 2.2.2 The bare sand habitat at Eighty Mile Beach close to high tide (during daylight) 
with the composite gill net partly submerged. 
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Plate 2.2.3  Photograph illustrating the composite gill net sampling method used in 
mangroves at both Port Smith and Cape Keraudren. 

ill netting was always conducted on spring tides and during darkness. On each sampling 
ccasion, the gill nets were set four times in each habitat and on different nights. 

rocodile 

The ichthyocide rotenone was used on six occasions to collect fish from three randomly-
at both Cape Keraudren and Port Smith (Table 2.2.1). Powdered 

 

 

G
o

The fish faunas over bare sand at Cape Keraudren, Eighty Mile Beach and Port Smith were 
also sampled using a 60.5 m seine net. Three seine net samples were collected during the day 
from a site just to the east of Cape Keraudren and from two sites (subsequently referred to as 
the northern and southern sites) at Eighty Mile Beach that were separated by approximately 
2.5 km. Three replicate seine net samples were also obtained during the day from two sites 
over bare sand at Port Smith, one of which was located close to mangroves. 

The 60.5 m seine net consisted of two 29 m long wings, each made of 25 mm mesh, and a 
2.5 m bunt consisting of 9 mm mesh. This net fished to a depth of 2.5 m and swept an area of 
583 m2. The seine net was either laid in a semi-circle from the bow of a boat until fully 
extended or walked out from the beach and extended parallel to the shore and then rapidly 
dragged towards and on to the shore (Plate 2.2.4). Each site was sampled during the neap tidal 
phase, when the height of the tide was at or close to its maximum and water movement was 
least. Sampling was not undertaken at night because of the potential for shark and c
attacks. 

selected intertidal pools 
rotenone was first mixed with water to form a paste before being added to the pool in a 
concentration of ca 200 g of dry rotenone powder 10 m-2 of pool area. Every effort was made 
to ensure that neighbouring pools did not become contaminated with rotenone, which 
included constructing barriers to stop water moving out of the treated pool until it was diluted 
by the incoming tide. The pools sampled ranged from 10 to 20 m2 in area and were up to 0.4 
to 0.6 m in depth (Plates 2.2.5, 2.2.6). Ten minutes after rotenone treatment, the fish in the 
pools were sampled with a long-handled scoop net constructed of 5.0 mm mesh. 
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Plate 2.2.4  Photograph illustrating the method of deploying the 60.5 m seine net over sand in 
close proximity to a dense mangrove stand. 
 
 
 
 

 
 

Plate 2.2.5  Typical intertidal pool sampled for fish using rotenone at Cape Keraudren. 
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Plate 2.2.6  Typical intertidal pool sampled for fish using rotenone at Port Smith. 
 
 

Salini  and water tempety rature were recorded at each sampling site after that site had been 
sampled using the gill net, seine net or rotenone. Records were also kept of the time of 

de, lunar period, weather conditions, substrate type and the sampling, the state of the ti
dominant species of any mangroves present. When sampling the pools at Cape Keraudren and 
Port Smith with rotenone, records were also kept of the area, maximum and average depth, 
mangrove canopy cover and the percentage cover of any sand/silt, oysters, algae, mangrove 
pneumatophores or submerged snags.  

The fish in each replicate sample obtained from each location were placed in an ice slurry and 
transported to a mobile laboratory where they were identified to species and measured to the 
nearest 1 mm (total length), except when the number of fish was large, in which case the 
lengths of fish in a randomly-selected subsample of 100 fish were measured. The individuals 
of each species in each replicate sample were counted and the total wet weight of all 
individuals of each species in each replicate sample was weighed to the nearest 0.1 g. 

2.2.3 Statistical analysis 

2.2.3.1 Gill net samples 
The number and biomass of fish in each replicate gill net catch were converted to a catch rate, 
i.e. number of individuals caught 3h-1 and kg caught 3h-1, respectively. An examination of the 
relationship between the mean and standard deviation for the number of fish species, the 
number of fish caught 3h-1 and the biomass caught 3h-1 showed that, prior to subjection to 
analysis of variance (ANOVA), the first of these variables should be root transformed, while 
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the last two should be log10 (n+1) transformed (see Clarke & Gorley (2001) for rationale for 
this approach).  

The transformed values for the number of species and catch rates for the replicate gill net 
samples collected over bare sand habitats at each of the three locations on each sampling 
occasion were subjected to two-way ANOVA to determine whether these variables differed 
among sites and seasons. Three-way ANOVA was employed to determine whether these three 
variables differed among sites and seasons and between sand and mangrove habitats at Port 
Smith and Cape Keraurdren. 

When ANOVA showed that the values for one or more of the main effects were significantly 
different and that there were no significant interactions between those effects, Scheffé’s a 
posteriori test was used to determine which values where significantly different. Where there 
was a significant interaction between the main effects, the back-transformed mean values for 
these effects were plotted to elucidate the basis for the interaction. 

The mean catch rates of each species in each gill net sample from over bare sand at Cape 
Keraudren, Eighty Mile Beach and Port Smith and in the mangroves at the first and third of 
these locations were ordinated using multi-dimensional scaling as described in the PRIMER 

Since the above analyses showed that the compositions of the fish faunas at the three locations 
and in the two habitat types at Cape Keraudren and Port Smith were significantly different 
(see results), MDS ordination and ANOSIM tests were next employed to examine whether the 
compositions of the faunas in different habitat types and locations were significantly different. 
However, since there were only two points for each “season”, the replicates for each habitat 
type and location on each sampling occasion were used for these ordinations and the 
associated ANOSIM tests. Where appropriate, ANOSIM was also employed to determine the 
degree to which the community composition was influenced by period. Separate ‘wet’ and 
‘dry’ periods refer to a combination of early and late wet seasons and early and late dry 
seasons, respectively. Similarity percentages (SIMPER) were employed to determine, for each 
location, which species were most responsible for any dissimilarities in the species 
compositions of the different samples (Clarke 1993).  

2.2.3.2 Seine net samples 
The number and biomass of fish in each replicate seine net catch were converted to a density, 
i.e. number of individuals 500 m-2 and weight (kg) 500 m-2, respectively. Following an 
examination of the relationship between the mean and standard deviation for the number of 
fish species and the density and biomass per unit area for each replicate sample, the values for 
the first variable were square root transformed, while the densities and biomass of fish per 
unit area were log10 (n+1) transformed. 

The transformed values for the number of species, density and biomass of fish per unit area, 
derived from each replicate seine from each sampling site in each location on each sampling 
occasion, were subjected to two-way ANOVA to determine whether these variables differed 
among sites and seasons. The data were analysed and plotted following the same procedures 
as described earlier for the gill net data.  

v5 package (Clarke & Gorley, 2001). Prior to ordination, the densities were square root 
transformed and the Bray Curtis similarity measure used to produce the association matrix. 
One way, pair-wise and two-way crossed analysis of similarities (ANOSIM) were employed 
to test whether the species compositions in the different locations, seasons and habitats were 
significantly different (Clarke 1993). The R – statistic values in the ANOSIM tests were used 
to determine which variables were most important in contributing to any significant 
differences. 
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The mean densities of the fish species in the seine net samples obtained from each site on 
each sampling occasion were analysed using MDS ordination and associated tests in the same 
manner as described earlier for the gill net data. Note however that since, due mainly to 
severe weather, there was only one sample for both the early and late wet seasons at Cape 
Keraudren, it was necessary to use the replicates to investigate the influence of season in this 
location. 

2.2.3.3 Rotenone sampling 
The number and biomass of fish collected in samples using rotenone were converted to a 
density i.e. number of individuals 10 m-2 and weight per unit area, i.e. g 10 m-2, respectively. 
The number of species collected in each pool satisfied the assumptions of ANOVA in an 
untransformed state.  However, the density and biomass per unit area data were unable to be 
transformed in a manner that satisfied the assumptions of ANOVA and were therefore not 
subjected to univariate analysis.  

The mean densities of the various fish species in the samples collected from intertidal pools 
using rotenone at Cape Keraudren and Port Smith were subjected to MDS ordination and 
associated tests in the same manner as described for the gill net data. 

2.3 Results 

2.3.1 Environmental variables 
Mean monthly water temperatures in each location reached a maximum of between 31.8 ºC 
and 32.4 ºC in October, November or December and fell to a minimum of between 17.8ºC 
and 21.1ºC in June to August (Fig. 2.3.1). Mean monthly salinities at the sites in each of the 
three locations were always close to that of full strength seawater, i.e. 35 ‰. 
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Figure 2.3.1    Mean water temperatures recorded when sampling Cape Keraudren ()), 
Eighty Mile Beach (f) and Port Smith (!) between December 2000 and November 2002. 
On the x axis, open rectangles refer to the late dry and late wet seasons and black rectangles 
refer to the early wet and early dry seasons. 
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2.3.2 Gill net samples 

2.3.2.1 Species composition 
A total of 3209 fish, representing 75 species and 36 families and weighing 2680 kg, was 
collected using the 60 m long gill net over bare sand at Cape Keraudren, Eighty Mile Beach 
and Port Smith and from mangroves at Cape Keraudren and Port Smith (Table 2.3.1). Forty 
three of the 75 species were of commercial and recreational importance and contributed 90% 
to the total catch of fish. A further nine species were important only from a recreational 
perspective. The most abundant species (and their percentage contributions to the total catch) 
were all commercially and recreationally important and included the catfish Arius proximus 
(30.8%), followed by the two threadfin salmons, Eleutheronema tetradactylum (13.3%) and 
Polydactylus macrochir (12.5%) and two species of mullet, Valamugil seheli (9.2%) and Liza 
macrolepis (4.9%). Sixty three species contributed less than 1% and 35 of these contributed 
less than 0.1%. 

The green sawfish Pristis zijsron, which attained lengths up to 400 cm and exceeded 33 kg in 
average weight, made the greatest contribution (21.4%) to the total biomass of fish 
(Table 2.3.1). The next ranked species in terms of biomass were A. proximus (13.2%), 
E. tetradactylum (12.5%) and P. macrochir (8.9%), while another sawfish, Pristis clavata 
(8.6%), ranked fifth. Species that are fished both commercially and recreationally accounted 
for 95% of the total biomass. Eighteen elasmobranch species, including the two Pristis 
species, collectively contributed 50.5% to the total weight of fish collected by gill netting. 
Although five of these species were amongst the top ten species in terms of biomass, they 
collectively contributed only 5.4% to the total number of fish and none ranked among the ten 
most abundant species (Table 2.3.1). 

The number of species recorded over both bare sand and in mangroves at both Cape 
Keraudren and Port Smith ranged only from 34 to 39. However, the number of species was far 
less (24) over sand at Eighty Mile Beach where no vegetation was present in the vicinity 
(Table 2.3.1). Only 34 of the 69 species recorded at Cape Keraudren and Port Smith were 
found in both the bare sand and mangrove habitats of those locations. The species that were 
more common over bare sand than in mangroves included E. tetradactylum, Sillago analis 
and Nematalosa come, whereas Plectorhinchus gibbosus, Lutjanus argentimaculatus, 
Selenotoca multifasciata and Monodactylus argenteus were recorded in mangroves at both 
Cape Keraudren and Port Smith, but never over sand in those locations (Table 2.3.1). 
Although the samples from Eighty Mile Beach yielded the lowest number of species (24), 
they produced the greatest number of fish (1021), due, in particular, to a combination of large 
catches of the catfish A. proximus and A. mastersi and the threadfin salmons E.  tetradactylum 
and P. macrochir (Table 2.3.1). The contribution of commercially and recreationally 
important species to the total number of fish caught at each location ranged from 79.9% in the 
mangroves at Port Smith to 95.6% in the mangroves at Cape Keraudren. 

The weight of fish collected in samples from over bare sand at Cape Keraudren (1211.5 kg) 
was more than twice that recorded over bare sand at Eighty Mile Beach and Port Smith and in 
mangroves at Cape Keraudren and Port Smith (Table 2.3.1). The large biomass of fish caught 
over bare sand at Cape Keraudren, which contributed more than 45% to the total biomass 
recorded at all gill net sites, was due to the large number of elasmobranchs collected at this 
site, and in particular of sawfish (P. zijsron and P. clavata), which collectively weighed 
772.6 kg (data not shown). 
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2.3.2.2 Number of species, catch rate and biomass of fish 

n in the case of both number of species and 
number of fish caught 3h-1. 

 

Table 2.3.2  Mean squares and significance levels for ANOVAs of the number of species, 
number of fish caught 3h-1 and biomass of fish caught 3h-1 in gill nets set over bare sand in 
nearshore, shallow waters at Cape Keraudren, Eighty Mile Beach and Port Smith in each 
season between December 2000 and November 2002.  *** p<0.001, ** p<0.01 

 
 Main effects  Interactions  

ANOVA showed that the number of species, number of fish caught 3h-1 and biomass of fish 
caught 3h-1 over bare sand habitats at Cape Keraudren, Eighty Mile Beach and Port Smith on 
each sampling occasion differed significantly (p<0.001 or <0.01) among seasons and also 
among locations in the case of the last two variables (Table 2.3.2). There was also a 
significant interaction between location and seaso

Source Location (L) Season (S) L x S Residual 

Degrees of freedom 2 3 6 63 
Number of species 0.65 1.72 *** 1.29 *** 0.27 
Number of fish 3h-1 0.67 ** 0.38 ** 0.70 *** 0.11 
Biomass of fish 3h-1   4.24 *** 2.09 *** 0.03  0.34 

 

 

The highest and lowest mean seasonal number of species of 15 and 3 were recorded at Cape 
Keraudren during the late wet and early wet seasons, respectively (Fig. 2.3.2a). In contrast, 
the mean seasonal number of species caught over sand at Eighty Mile Beach remained 
relatively constant at ca 4 during the late wet, early dry and late dry seasons and then rose to 
6.2 during the early wet season, while those at Port Smith declined from 6.9 during the late 
wet season to 4 during the early and late dry season, before rising again to 7.1 during the early 
wet season (Fig. 2.3.2a). The markedly different trends exhibited by the mean numbers of 
species at the three locations over the four seasons accounts for the strong interaction between 
location and season. The trends exhibited by the catch rates of fish at the three locations over 
the four seasons were similar to those described for number of species. Thus, for example, the 
highest and lowest mean catch rates of 71.4 and 3.3 fish 3h-1 were recorded at Cape 
Keraudren during the late wet and early wet seasons, respectively (Fig. 2.3.2b). 

The mean biomass of fish caught 3h-1 was significantly greater at Cape Keraudren (p<0.05) 
than at Eighty Mile Beach, which, in turn, was significantly greater (p<0.05) than at Port 
Smith (Fig. 2.3.2c). The mean biomass of fish 3h-1 recorded over bare sand declined from 
18.7 kg 3h-1 during the late wet season to a minimum of 9.6 kg 3h-1 during the early dry 
season, before increasing to reach its maximum of 37.9 kg 3h-1 during the early wet season 
(Fig. 2.3.2d).  The mean biomass was significantly greater during the early wet season than 
during both the early dry (p<0.01) and late dry seasons (p<0.05). 

hen the data for the mangrove as well as bare sand habitats at Cape Keraudren and Port
mith was analysed, ANOVA demonstrated that the number of species was significantly 
fluenced by season and there was a significant interaction between location and season. The 

iomass of fish caught 3h-1 was significantly influenced by both location and season 

W  
S
in
b
(Table 2.3.3). The fact that these results parallel those produced when only the data for bare 
sand were analysed, accounts for the trends exhibited by the number of fish species and the 
biomass of fish caught 3h-1, using data for both habitat types at Cape Keraudren and Port 
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Smith (Figs 2.3.3a,d,e), being very similar to those exhibited when using the data for over 
er, when the number of fish caught 

3.3c). Furthermore, the mean catch rates over bare sand were greatest 
 the late wet season and least in the early wet season, whereas those in mangroves were least 
 the late dry season and greatest in the early wet season (Fig. 2.3.3c). 

able 2.3.3  Mean squares and significance levels for ANOVAs of the number of species, 
umber of fish caught 3h-1 and biomass of fish caught 3h-1 in gill nets set over bare sand and 
 mangroves in nearshore, shallow waters at Cape Keraudren and Port Smith in each season 

etween December 2000 and November 2002.  *** p<0.001, ** p<0.01 
 

  Main effects    Interactions      

bare sand at the three locations (Figs 2.3.2a,c,d). Howev
3h-1 in both habitat types at Cape Keraudren and Port Smith were subjected to ANOVA, 
location was the only main effect found to be significant and there was a significant 
interaction not only between location and season but also between habitat and season 
(Table 2.3.3). The mean square was greater for the main effect than for either of the 
interactions. The catch rates at Cape Keraudren declined markedly and progressively from 
very high levels in the late wet season, i.e. 59.1 fish 3h-1, to 10.9 fish 3h-1 in the early wet 
season, whereas, those in the late wet, early dry and late dry seasons at Port Smith were 
similar, 10.2 to 8.6 fish 3h-1, and then rose to 28.0 in the early wet season (Fig. 2.3.3b).  The 
mean catch rates were greater over bare sand than in mangroves in each season except the 
arly wet season (Fig. 2.e

in
in

 
T
n
in
b

rce  Location (L) Season (S) Habitat (H)  L x S L x H H x S L x S x H  Residual Sou

Degrees of freedom  1 3 1 3 1 3 3 15 

mber of species  1.35 3.14 *** 0.11 3.25 *** 0.05  0.93  0.41  0.43 Nu

Number of fish 3h-1  1.58 ** 0.30 0.01  0.94 *** 0.31  0.59 ** 0.10 0.15 

iomass of fish 3h-1  10.27 *** 2.53 ** 0.57 0.53  0.76 0.13  0.48 0.50 B
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Figure 2.3.2    a) Mean number of fish species � 95% CL, b) catch rates  � 95% CL and c,d) 
biomass of fish � 95% CL collected by gill netting over bare sand at Cape Keraudren, Eighty 
Mile Beach and Port Smith in each season between December 2000 and November 2002. In 
this Fig. and Figs 4, 8 and 11, a common mean and 95% CL is shown when there are 
significant interactions between the main effects. 
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Figure 2.3.3    a) M ber f ecies L, b,c) catch rates � 95% CL and d,e) 
biomass of fish �  coll  the g over bare sand and from mangroves at 

audren and Port Smith in each season between December 2000 and November 2002. 

 
 

Cape Ker

ean num  o  fish sp � 95% C
95% CL ected with ill net 

 Page 67



FRDC Project 2000/132 

2.3.2.3 Ichthyofaunal compositions of gill net samples  
When the mean catch rates of the various species in the different habitat types and locations 
on each gill net sampling occasion were subjected to MDS ordination, the samples from over 
bare sand at Eighty Mile Beach formed a tig  cluster in the extreme left of the ordination 
plo s those from o  sand and in ma  at Port Smit d a widely 
d . samples f n 
l tween tho y Mile Bea  Smith.  Cape 
K les f re sand lay e groves, 
w e from the former habita rgely to t  
m ig. 2.3.4). 

tion of the mean catch rates of the 
rious species in samples collected with the gill net over bare sand at Cape Keraudren, 

e data for over bare sand, confirmed that the compositions 
of the fish faunas in the three locations were highly significantly different (p<0.001, Global 

-statistic = 0.661) and at the d  w te n those at Eighty Mile Beach 
and Port Smith (p< tati t .838  (Table 2.3.4). SIMPER demonstrated that the gill 
net samples collect ve nd  Cape K audren were typified by relatively high 
numbers of E. tetra  and n ghty Mile Beach had high 
numbers of P. ma an ith was typified by V. seheli 

able 2.3.5). 

ht
t, wherea ver bare ngroves h forme

ispersed group in the right half of the plot (Fig  2.3.4). The rom Cape Keraudre
argely lay be se for Eight ch and Port In the case of
eraudren, the samp rom over ba predominantly abov those for man
hile at Port Smith thos t type lay la he left of those from
angroves (F

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3.4    Nonmetric multidimensional scaling ordina
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Table 2.3.4  R-statistic values and significance levels for pair-wise ANOSIM tests comparing 
the community composition over bare sand at with gill nets at Cape Keraudren, Eighty Mile 
Beach and Port Smith between December 2000 and November 2002.  *** p<0.001, ** p<0.01 

 
 

 
 
Table 2.3.5  Species identified by SIMPER as typifying fish samples collected with the 

onofilament gill net over bare sand at Cape Keraudren, Eighty Mile Beach and Port Smith m
between December 2000 and November 2002. When a species typified more than one 
location, the numbers after those species names refer to the order of abundance of that species 
in all locations. 

 
Cape Keraudren 80 Mile Beach Port Smith 

Eleutheronema tetradactylum 1

Pristis zijsron 
Polydactylus macrochir 2

Arius proximus 3

Arius mastersi 2

Polydactylus macrochir 1

Arius proximus 
Eleutheronema tetradactylum 

1
Valamu

2

Arius mastersi 1

Nibea microgenys 

Arius proximus 
Eleutheronema tetradactylum 

gil seheli 
2

3

 

Two-way crossed ANOSIM, using the data for both habitat types at Cape Keraudren and Port 
Smith, demonstrated that the compositions of the samples in these two locations were 
significantly different (p<0.001, R-statistic = 0.469), as were those between sand and 
mangrove habitats (p<0.001, R-statistic = 0.222). Separate one-way ANOSIM tests 
demonstrated that this habitat difference was greater at Cape Keraudren (p<0.05, R-statistic = 
0.281) than at Port Smith (p<0.05, R-statistic = 0.192). At Cape Keraudren, samples of fish 
c
E
ollected with the gill net over bare sand were typified by relatively high numbers of 

angrove 
 (Table 2.3.6). 

When the catch rates of the vario in m cted over bare sand at Cape 
Keraudren were sub  ord the oints tended to group according to season, with 
the samples from t and  sea ypic lly lying above and/or to the left of 
those representing both the early we ons (F ANOSIM confirmed that 
the community composit  over and e K en was significantly influenced 

y season (p<0.01, Global R-statistic = 0.306) (Table 2.3.7). The difference in the 
omposition of the fish fauna was greatest between the late wet and late dry seasons (p<0.05, 

et and dry periods 
was significantly different (p<0.05, R-statistic = 0.219) (Table 2.3.7). Greater numbers of 
A.  and P. macro ing the wet an etradactylum e dry were 
ide  as

  Cape Keraudren 80 Mile Beach 

80 Mile Bea 0.430 **  ch  
Port Smit 592 ** 0.838 ** h  0.  

. tetradactylum, P. macrochir and P. zijsron, whereas mangrove samples were typified by 
A. proximus, Liza macrolepis and Carcharhinus cautus (Table 2.3.6). At Port Smith, species 
typifying samples from over  bare sand included A. Proximus, Chanos chanos and V. seheli, 
whereas L. macrolepis, Megalops cyprinoides and Negaprion acutidens typified the m
fish fauna at this location

b

us species  each sa ple colle
jected to ination, p

he early late dry sons t a
 and late 
 

t seas
 at Cap

ig. 2.3.5a). 
eraudrion bare s

c
R-statistic = 0.635) (Table 2.3.8). SIMPER demonstrated that gill net samples during the late 
dry season were typified by E. tetradactylum, whereas samples from the late wet season were 
typified by greater numbers of P. macrochir (Table 2.3.9). ANOSIM also demonstrated that 
the composition of the fish fauna over bare sand at Cape Keraudren in the w

proximus chir dur d of E. t during th
ntified by SIMPER  being most responsible for the change in community composition. 
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T s th d by SIM ing fish
the monofilament gill n t from either bare san es at Cape Keraudren and 

ort Smith. 
 

  Bare Sand Mangroves 

able 2.3.6   Specie at were identifie PER as typify  samples collected with 
e d or from mangrov

P

Cape Keraudren  Eleutheronema tetradactylum 
Polydactylus macrochir  
Pristis zijsron 

Arius proximus 
Liza macrolepis 
Carcharhinus cautus 

Port Smith  A. proximus 
Chanos chanos 
Valam

L. macrolepis 
Megalops cyprinoides 

ugil seheli Negaprion acutidens 
E. tetradactylum 
Scomberoides commersonnianus 
Sillago analis 
Caranx bucculentus  

 

 
 

Table 2.3.7  R-statistic values and significance levels for one-way ANOSIM tests for the 
effect of season or period (i.e. wet vs dry) on the fish fauna collected between December 2000 
and November 2002 in gill nets over bare sand at Cape Keraudren, Eighty Mile Beach and 
Port Smith and from mangroves at Cape Keraudren and Port Smith.  *** p<0.001, ** p<0.01, 
* p<0.05 

 

able 2.3.8  R-statistic values and significance levels for pair-wise ANOSIM tests comparing 
e community composition during each of the four seasons sampled with gill nets over bare 

and at Cape Keraudren between December 2000 and November 2002. * p<0.05 
 

  
Cape 

Keraudren 
 80 Mile 

Beach 
 Port 

Smith 
 

  Sand Mangroves  Sand  Sand Mangroves 

Season 0.306 ** 0.078 0.427 *** 0.069 0.172 * 

Period 0.219 * 0.003 0.555 *** 0.009 0.062  

  Early dry Late dry Early wet 

Late Dry  0.168    
Early wet  0.388 * 0.429 *  
Late wet  -0.052  0.635 * 0.429  

 

 
T
th
s
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Table 2.3.9 Species identified by SIMPER as typifying fish samples from each season 
ollected with the monofilament gill net over bare sand at Cape Keraudren between December 
000 and November 2002. When a species typified more than one season, the numbers after 
ose species names refer to the order of abundance of that species in all seasons. 

 
Early dry Late dry Early wet Late wet 

c
2
th

Eleutheronema tetradactylum 2

Liza subviridis 
Eleutheronema tetradactylum 1

Pristis zijsron 2
Pristis zijsron 3

Arius proximus 
Polydactylus macrochir 1

Nematalosa come 
Polydactylus macrochir 2

Liza macrolepis 
Pristis zijsron 1

Sillago analis 1 Polydactylus macrochir 3

Sillago analis 2
Arius proximus 2

Carcharhinus limbatus 

 

Season

Early Dry

Late Dry

Stress: 0.12

Stress: 0.11b)Stress: 0.16a)

c)

Stress: 0.18e)

Early Wet

Late Wet

d) Stress: 0.16

 
 
Figure 2.3.5    Nonmetric multidimensional scaling ordination of the catch rates of the 
various species in replicate samples collected with the gill net a) over bare sand at Cape 
Keraudren, b) in mangroves at Cape Keraudren, c) over bare sand at Eighty Mile Beach, d) 
over bare sand at Port Smith and e) in mangroves at Port Smith on each sampling occasion 
between December 2000 and November 2002. 
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The points representing samples collected with the gill net in mangroves at Cape Keraudren 
tended to be less tightly grouped according to season, with the samples from the early dry 
season being widely spread throughout the plot (Fig. 2.3.5b). However, the samples from the 
late dry season all lay in the bottom left hand quadrant of the plot and to the left of the 
majority of samples from the early and late wet. ANOSIM demonstrated that neither season 
nor period had a significant influence on the community composition in the mangroves at 
Cape Keraudren (Table 2.3.7). 

Following subjection to MDS ordination of the catch rates in the replicate gill net samples 
collected over bare sand on each sampling occasion at Eighty Mile Beach, all but one of the 
samples from the early and late dry seasons lay to the right of all of those from the early and 
late wet seasons (Fig. 2.3.5c). Furthermore, the samples from the early wet season tended to 
lie below those from the late wet season. ANOSIM demonstrated that the composition of the 
fish fauna differed significantly among seasons (p<0.001, Global R-statistic = 0.427) 
(Table 2.3.7). The greatest difference in faunal composition was between the samples from 
the late wet season and the early dry season (p<0.001, R-statistic = 0.732) (Table 2.3.10). 
SIMPER demonstrated that the samples from the early dry were separated from those from 
the late wet season by relatively higher numbers of Nibea microgenys and lower numbers of 
A. proximus, P. macrochir and A. mastersi (Table 2.3.11).  

 
Table 2.3.10 R-statistic values and significance levels for pair-wise ANOSIM tests 
comparing the community composition during each of the four seasons sampled with gill nets 
over bare sand at Eighty Mile Beach between December 2000 and November 2002.  
*** p<0.001, ** p<0.01, * p<0.05 

 
 

 
 
Table 2.3.11 Species identified by SIMPER as typifying fish samples from each season 
collected with the monofilament gill net over bare sand at Eighty Mile Beach between 
December 2000 and November 2002. When a species typified more than one season, the 
numbers after those species names refer to the order of abundance of that species in all 
seasons. 

 
Early dry Late dry Early wet Late wet 

Polydactylus macrochir 4

Eleutheronema tetradactylum 3

Nibea microgenys 
Polydactylus multradiatus 

Polydactylus macrochir 3

Eleutheronema tetradactylum 2

Arius proximus 3

Arius proximus 1

Polydactylus macrochir 1

Arius mastersi 1

Eleutheronema tetradactylum 1

Arius proximus 2

Polydactylus macrochir 2

Arius mastersi 2

 

The tendency for the differences in community composition to be greater between certain wet 
and dry periods is reflected in the greater R-statisic value (0.555) for the influence of period 
rather than season at this location (Table 2.3.7). The species identified by SIMPER as most 
responsible for the considerable shift in community composition between the wet and dry 
periods included relatively greater numbers of A. proximus and A. mastersi during the wet 
period and higher numbers of N. microgenys during the dry period. 

  Early dry Late dry Early wet 

Late Dry  0.078    
Early wet  0.609 ** 0.348 *  
Late wet  0.732 *** 0.480 ** 0.234 ** 
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When the replicate catch rates of the various species in the samples collected with gill nets 
over bare sand and in mangroves at Port Smith were subjected to MDS ordination separately, 
the samples did not tend to group tightly together according to season (Fig. 2.3.5d,e). 
However, four of the five samples collected over sand during the early dry formed a group 
that lay to the right and/or below those for the late wet. ANOSIM illustrated that the 
composition of the fish fauna over bare sand at Port Smith was not influenced by season or 
period (Table 2.3.7). Although the community composition of mangrove samples at Port 
Smith was influenced by season (p<0.05, R-statistic = 0.172) only the early wet and late wet 
seasons were significantly different from one another (Table 2.3.12). SIMPER identified the 
relatively greater numbers of A. proximus and L. macrolepis during the early wet and of 
L. subviridis during the late wet season as accounting for the difference in the community 
composition between these seasons (Table 2.3.13). 

 
Table 2.3.12 R-statistic values and significance levels for pair-wise ANOSIM tests 
comparing the community composition during each of the four seasons sampled with gill nets 
in mangroves at Port Smith between December 2000 and November 2002. * p<0.05 

 
 

 
 
Table 2.3.13 Species identified by SIMPER as typifying fish samples from each season 
collected with the monofilament gill net in mangroves at Port Smith between December 2000 
and November 2002. When a species typified more than one season, the numbers after those 
species names refer to the order of abundance of that species in all seasons. 

 
Early dry Late dry Early wet Late wet 

Liza macrolepis 2 

Megalops cyprinoids 
Negaprion acutidens 3

Arius proximus 2

Valamugil seheli 2

Liza macrolepis 3 

 

Arius proximus 1

Valamugil seheli 1

Liza macrolepis 1 

Negaprion acutidens 1

Valamugil seheli 3

Liza subviridis 1 

Negaprion acutidens 2

 

 

When the catch rates of the various species in the samples collected with gill nets over bare 
sand and in mangroves at Port Smith were coded for year, most of the samples collected in the 
first four sampling trips (seasons) in each of those habitats lay to the left of the samples 
collected during the second year of sampling (Fig. 2.3.6a,c).  ANOSIM demonstrated that the 
ichthyofaunal compositions over bare sand and in mangroves at Port Smith were significantly 
influenced by year, with the p values and R-statistic values being p<0.05 and 0.157 and 
p<0.01 and 0.326, respectively. 

When the mean catch rates of the various species in the samples collected with gill nets over 
bare sand and in mangroves at Port Smith in 2001 and 2002 were ordinated, the samples from 
2001 lay to the left of those from 2002 in the case of both habitat types (Figs 2.3.6a,c). In the 
ordination plot for the bare sand samples, the samples for both years progressed in an 
approximately cyclical manner (Fig. 2.3.6b). The samples from the mangroves at Port Smith 
did not follow as clear a cyclical patter in the two years (Fig. 2.3.6b). The mangrove samples 

  Early dry Late dry Early wet 

Late Dry  0.129    
Early wet  0.163  0.075   
Late wet  0.214 0.180  0.251* 
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from Port Smith were also well separated by ear and, in both years, the seasonal points 
follow a progression from the early dry season near the top of the plot to the late wet season 
toward the bottom of the plot (Fig. 2.3.6d). SIMPER demonstrated that, in both habitats, the 
significant change in community composition between years was due to relatively higher 
numbers of A. proximus during the first years and relatively higher numbers of V. seheli 
during the second year. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3.6    Nonmetric multidimensional scaling ordinations of a) replicate and b) mean 
catch rates of the various species in samples collected with the gill net over bare sand and c) 
replicate and d) mean catch rates of the various species in samples collected with the gill net 
in mangroves at Port Smith on each of the sampling occasions during 2001 and 2002. 

2.3.3 Seine net samples 

2.3.3.1 Species composition 
A total of 36059 fish, representing 91 species and 39 families and weighing 319 kg, was 
caught using the 60.5 m seine net over bare sand at the Cape Keraudren site, the two Eighty 
Mile Beach sites and the two Port Smith sites, one of which was near mangroves 

 y

Stress: 0.02

Stress: 0.19

d)

a)

Stress: 0.17c)

Stress: 0.02b)
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Early Wet
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(Table 2.3.14). Twenty five of the 91 species were of commercial and recreational importance 
and these constituted 5.6% of the total catch of fish. A further 12 species were important only 
to the recreational sector and contributed a further 3.4% to the total catch. The most abundant 
species (and their percentage contributions to the total catch) were the engraulid Stolephorus 
carpentariae (19.1%), the clupeid Sardinella brachysoma (14.7%), two species of atherinid, 
i.e. Atherinomorus lacunosus (11.8%) and Craterocephalus pauciradiatus (8.7%), and 
another clupeid, Spratelloides delicatulus (7.8%). The only other species that contributed 
more than 5% to the total number of fish caught by the 60.5 m seine was the atherinid 
Craterocephalus mugiloides (7.7%) and another clupeid, Sardinella fijiense (5.4%). None of 
the above seven species are targeted by commercial or recreational fishers (Table 2.3.14). 

Although these seven abundant species collectively contributed more than 75% to the total 
number of fish caught by the 60.5 m seine over bare sand, only 25 individuals of these species 
collectively were recorded at the Eighty Mile Beach sites. The low contribution of these seven 
species to the total number of fish obtained from the Eighty Mile Beach sites (0.5%) helps 
account for the much lower total number of fish at both of these sites (1190 and 3452) than at 
Cape Keraudren (10233) or either of the Port Smith sites (9274 and 11909). In contrast, the 
total number of species recorded over bare sand was greater at each of the two Eighty Mile 
Beach sites (47 and 53) than that at Cape Keraudren (44) and even more particularly at the 
sites at Port Smith (30 and 34) (Table 2.3.14). The contribution of commercially and/or 
recreationally important species to the total catch of fish in each location ranged from 2.9% at 
the Port Smith site near mangroves to 40.8% at the southern Eighty Mile Beach site 
(Table 2.3.14). 

The spotted whipray Himantura undulata made the greatest contribution (16.8%) to the total 
biomass of fish collected by seine netting, followed by the cowtail stingray Pastinachus 
sephen (16.8%) and the green sawfish P. zijsron (10.0%) (Table 2.3.14). Although these three 
elasmobranch species collectively contributed 39.5% to the total biomass, none of these 
species ranked higher than 37th or contributed more than 0.1% in terms of the total number of 
fish caught with this net. The next ranked species in terms of biomass were the threadfin 
salmons P. macrochir (9.4%) and E. tetradactylum (5.1%). In contrast to their low 
contribution to the total number of individuals, the species of commercial and recreational 
significance constituted 140.9 kg (44.2%) of the total weight of the seine net catch, with those 
species important only to recreational fishers contributing a further 24.6 kg (7.7%) 
(Table 2.3.14). 
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2.3.3.2 Number of species, densities and biomass of fish 
ANOVA of the number of species caught by seine net over bare sand at the Cape Keraudren 
site and at the two sites at both Eighty Mile Beach and Port Smith on each sampling occasion 
in the different seasons showed that the number of species differed significantly (p<0.001) 
among those sites but not among seasons (Table 2.3.15). The density and biomass of fish 
were both significantly influenced by site and season (p<0.05 or p<0.001) and there was a 
significant interaction between those two variables in the case of biomass. 

 
Table 2.3.15 Mean squares and significance levels for ANOVAs of the number of species, 
density and biomass per unit area of fish in seine net samples collected from over bare sand in 
nearshore shallow waters at one site at Cape Keraudren and two sites at both Eighty Mile 
Beach and Port Smith in each season between December 2000 and November 2002.  
*** p<0.001, * p<0.05 

 
  Main effects   Interactions   

Source  Site (St) Season (Sn)  St x Sn  Residual 

Degrees of freedom  4 3 12 79 
Number of species  3.07 *** 0.39 0.42 0.34 
Density (500 m-1)  1.58 * 1.57 * 0.25  0.48 
Biomass (500 m-1)   3.99 *** 1.62 * 0.97 *  0.51 

 

The mean number of species at the northern Eighty Mile Beach site (8.1) and southern Eighty 
Mile Beach site (9.2) were both significantly greater (p<0.01) than over bare sand or sand 
close to mangroves at Port Smith (4.4 and 5.5 species, respectively). Similarly, the mean 
number of species at the Cape Keraudren site (8.2) was also significantly greater (p<0.05) 
than at the bare sand site at Port Smith (Fig. 2.3.7a). The mean densities of fish at the five 
sites sampled with the seine net ranged from 54.7 fish 500 m-2 at the northern Eighty Mile 
Beach site to 259.7 fish 500 m-2 at the Port Smith site, which was located close to mangroves 
(Fig. 2.3.7b). The mean density of fish during the early dry season (212.1 fish 500 m-2) was 
significantly greater than during the late dry season (52.5 fish 500 m-2) (Fig. 2.3.7c).  The 
biomass of fish at Cape Keraudren declined from a high of 8.2 kg 500 m-2 during the late wet 
season to a low of 0.6 kg 500 m-2 during the late dry season, before increasing to 3.4 kg 500 
m-2 during the early wet season (Fig. 2.3.7d). In contrast, the biomass at both the northern and 
southern Eighty Mile Beach sites increased between the late wet and early dry seasons, 
reaching 6.7 and 1.9 kg 500 m-2, respectively, before declining progressively to a minimum of 
approximately 0.3 kg 500 m-2 during the early wet. The biomass of fish at both Port Smith 
sites remained relatively constant, never exceeding 1.3 kg 500 m-2 during any season 
(Fig. 2.3.7d). 
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Figure 2.3.7    a) Mean number of fish species � 95% CL, b,c) mean number of fish 500 m-2 � 
9 om e r bare 
s era Beach and Port Smith in each season between 
December 2000 and November 2002. 
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2.3.3.3 Ichthyofaunal composition of seine net catches 
When the mean densities of the various species over bare sand at the five sites on the different 
sampling occasions were subjected to MDS ordination, the samples from the Eighty Mile 
Beach (north and south) formed a discrete group in the top right hand corner of the plot 
(Fig. 2.3.8). All but one of the samples from the sites over bare sand and close to mangroves 
at Port Smith formed a tight and discrete group in the top left hand corner of the ordination 
plot. The samples from Cape Keraudren formed a separate group that lay largely between and 
below those from Eighty Mile Beach and Port Smith (Fig. 2.3.8). 

80 Mile Beach  Bare Sand (South)

Stress: 0.13

80 Mile
Beach Port

Smith

Cape Keraudren Bare Sand

Port Smith

K

 Bare Sand

Cape
eraudren

80 Mile Be h Bar nd (North)

h

 

igure 2.3.8    Nonmetric multidimensional scaling ordination of the mean catch rates of the 

ty Mile Beach site and the Port 

ac e Sa

Port Smit  Near Mangroves
 

F
various species in samples collected with the seine net on each sampling occasion between 
December 2000 and November 2002 over bare sand at one site at Cape Keraudren and two 
sites at both Eighty Mile Beach and Port Smith. 

 

A one-way ANOSIM confirmed that the compositions of the fish fauna at the five sites were 
significantly different (p<0.001, Global R-statistic = 0.715). Pairwise ANOSIM tests revealed 
that the composition of the fish fauna at the bare sand site at Port Smith did not differ 
significantly from that at the other Port Smith site, which was close to mangroves, and neither 
were there significant differences between the compositions of the fish faunas at the two sites 
at Eighty Mile Beach. However, the faunal composition did differ significantly between sites 
in the different locations, with p<0.01 or p<0.001 in each case, and the R-statistic of 0.993 
being greatest for the comparison between the southern Eigh
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Smith site that was close to mangroves (Table 2.3.16). SIMPER demonstrated that the 

ta were more common in seine net samples from Port Smith 
(Table 2.3.17). 

Table 2.3.16 R-stati es n ifican e levels for pair-wise ANOSIM tests 
comparing the fish co  composition at each five sites sampled with the 60.5 m 
seine net at Cape Keraud gh y ach a t Smit between December 2000 and 
November 2002.  *** , ** <

 

 
 
T ies id  SIMPER as mples  
m  bare sand at Cape Keraudren ch an een 
December 2000 and November 2002. When a species typified more than one location, the 
umbers after those species names refer to the order of abundance of that species in all 

locations. 
 

80 Mile Beach Port Smith 

community composition at Cape Keraudren was typified by Craterocephalus mugiloides and 
Arrhamphus sclerolepis. Samples collected from Eighty Mile Beach were typified by 
Escualosa thoracata, Thryssa hamiltonii and E. tetradactylum, whereas Craterocephalus 
pauciradiatus and Sillago vitta

 
stic valu a d sign c
mmunity

ren, Ei
 of the 

nd Port Mile Be h 
 p<0.001  p 0.01 

able 2.3.17  Spec entified by  typifying fish sa collected with the 60.5
 seine net over , Eighty Mile Bea d Port Smith betw

n

Cape Keraudren 

Craterocephalus mugiloides  
Arrhamphus sclerolepis 

Sillago analis 

Strongylura strongylura 

Escualosa thoracata  
Thryssa hamiltonii 

Eleutheronema tetradactylum 
Valamugil cunnesius  
Polydactylus macrochir 

Craterocephalus pauciradiatus  
Atherinomorus lacunosus  
Sillago vittata  
Gerres subfasciatus 

 

When the densities of the various species, derived from replicate samples at Cape Keraudren 
were subjected to MDS ordination, the samples from the late dry season lay towards the 
bottom left hand corner of the plot and were separated from the early wet samples in the top 
right hand corner by those for the samples for the early dry season and late wet season 
(Fig. 2.3.9a). A one-way ANOSIM performed on replicate data revealed that the community 
composition at Cape Keraudren was significantly influenced by season (p<0.01, Global R-

 Cape 80 Mile Beach 80 Mile Beach Port Smith  Keraudren North South Bare Sand 

80 Mile Beach - North  0.905 ***    
80 Mile Beach - South  0.953 ** 0.030    
Port Smith - Bare Sand  0.725 *** 0.94 0.961 **  9 *** 
Port Smith - Mangroves * 0.974 ** 0.993 **  0.868 *  0.003  

statistic = 0.410) (Table 2.3.18). Pairwise ANOSIM tests further revealed that the community 
composition differed significantly between each season (p<0.05 or p<0.01), except in the case 
of late wet vs late dry and late wet vs early wet (Table 2.3.19). Seine net samples typically 
contained relatively greater numbers of Stolephorus carpentariae in the early dry, 
Hyporhamphus quoyi in the late dry and C. mugiloides in the early and late wet 
(Table 2.3.20). 
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Stress:

Stress: 0.18a) b) Stress: 0.14

 0.08

Early dry

Late dry

Late wet

Early wet

c)
Season

 Nonmetric multidimensional scaling ordination of a) the replicate catch rates 
of the various species in samples collected with the seine net at Cape Keraudren and the mean 
catch rates of the various species in samples collected with the seine net at b) Eighty Mile 
Beach and c) Port Smith over bare sand on each sampling occasion between December 2000 
and November 2002. 

 
Table 2.3.18  R-statistic values and significance levels for one-way ANOSIM tests for the 
effect of season and period (i.e. wet vs dry) on the fish fauna collected between December 
2000 and November 2002 in seine nets over bare sand at Cape Keraudren, Eighty Mile Beach 
and Port Smith. *** p<0.001, ** p<0.01 

 
 

 
 
 
 
 
 
 

  
Cape 

Keraudren 
 

80 Mile 
Beach 

 
Port 
Smith 

 
Figure 2.3.9   

Season 0.410 ** 0.327 ** 0.418 *** 

Period 0.156  0.468 *** 0.131  
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Table 2.3.19  R-statistic values and significance levels for pair-wise ANOSIM tests 
comparing the community composition during each of the four seasons sampled with the 60.5 
m seine net at Cape Keraudren between December 2000 and November 2002. ** p<0.01, 
* p<0.05 

 
 

 
Table 2.3.20  Species identified by SIMPER as typifying fish samples from each season 
collected with the 60.5 m seine net over bare sand at Cape Keraudren between December 
2000 and November 2002. When a species typified more than one season, the numbers after 
those species names refer to the order of abundance of that species in all seasons. 

 
Early dry Late dry Early wet Late wet 

Stolephorus carpentariae 
Craterocephalus mugiloides 3

Arrhamphus sclerolepis 

Craterocephalus mugiloides 4

Hyporhamphus quoyi 
Sillago vittata 

Craterocephalus mugiloides 1

Sardinella brachysoma  
Gerres oyena  

Craterocephalus 
mugiloides 2

 

 

When the densities for the various species in samples from Eighty Mile Beach were subjected 
to MDS ordination, the samples from both the early and late wet seasons formed a relatively 
tight group in the top left-hand corner of the ordination plot, whereas all but one of those from 
both the early and late dry seasons were located in the bottom half of the plot (Fig. 2.3.9b). 
ANOSIM confirmed that the faunal composition at Eighty Mile Beach was significantly 
influenced by season (p<0.01, Global R-statistic = 0.327) and that the composition in the 
early wet season differed significantly from that in both the early and late dry seasons 
(Table 2.3.21). SIMPER revealed that this difference in community composition could be 
attributed to relatively greater numbers of T. hamiltonii and T. setrostris during the early wet 
season, whereas large numbers of H. quoyi and E. thoracata typified the fauna during early 
dry season and E. thoracata and Strongylura strongylura typified the late dry season 
(Table 2.3.22). ANOSIM also demonstrated that the fish fauna at Eighty Mile Beach was 
strongly influenced by period, i.e. wet vs dry (p<0.001, R-statistic = 0.468) (Table 2.3.18). 
SIMPER showed that the difference in community composition between the wet and dry 
periods was due to the presence of relatively greater numbers of T. hamiltonii and T. setrostris 
during the former period and greater numbers of E. thoracata and V. cunnesius during the 
latter period. 

 
Table 2.3.21 R-statistic values and significance levels for pair-wise ANOSIM tests 
comparing the community composition during each of the four seasons sampled with the 60.5 
m seine net at Eighty Mile Beach between December 2000 and November 2002. * p<0.05 

 
 

 

  Early dry Late dry Early wet 

Late Dry  0.387 **   
Early wet  0.438 * 0.654 *  
Late wet  0.352 * 0.148  0.778  

  Early dry Late dry Early wet 

Late Dry  0.042    
Early wet  0.677 * 0.427 *  
Late wet  0.537  0.130  -0.111  
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Table 2.3.22  Species identified by SIMPER as typifying fish samples from each season 
collected with the 60.5 m seine net over bare sand at Eighty Mile Beach between December 
2000 and November 2002. When a species typified more than one season, the numbers after 
those species names refer to the order of abundance of that species in all seasons. 

 
Early dry Late dry Early wet Late wet 

Hyporhamphus quoyi 
Escualosa thoracata 1

Valamugil cunnesius 1

Thryssa hamiltonii  3

Polydactylus macrochir 2

Eleutheronema tetradactylum 4

Escualosa thoracata 2

Strongylura strongylura 
Valamugil cunnesius 2

Eleutheronema tetradactylum 1

Paraplagusia bilineata 
Polydactylus macrochir 3

Thryssa hamiltonii  2

Escualosa thoracata 4

Thryssa setrostris 
Valamugil cunnesius 3

Eleutheronema tetradactylum 2

 

Thryssa hamiltonii  1

Escualosa thoracata 3

Eleutheronema tetradactylum 3

Valamugil cunnesius 4

Polydactylus macrochir 1

 

When the mean densities of the various fish species at Port Smith were subjected to 
ordination, the samples from each of the four seasons formed groups that progressed 
cyclically in a clockwise direction (Fig. 2.3.9c). Thus, samples from the early dry season are 
located toward the lower centre part of the plot, directly below those for the late dry season 
and to the left of those from the early wet season, which are located above three of the four 
samples from the late wet season in the bottom right of the plot (Fig. 2.3.9c). ANOSIM 
revealed that the faunal composition at Port Smith was significantly influenced by season 
(p<0.01, Global R-statistic = 0.418) (Table 2.3.18). The greatest seasonal difference (p<0.05, 
R-statistic = 0.688) was that recorded between the early dry and early wet seasons 
(Table 2.3.23). SIMPER showed that the early dry season was typified by Atherinomorus 
lacunosus and Spratelloides delicatulus whereas the early wet season was typified by 
C. pauciradiatus and Sardinella brachysoma (Table 2.3.24). 

 
Table 2.3.23 R-statistic values and significance levels for pair-wise ANOSIM tests 
comparing the community composition during each of the four seasons sampled using mean 
density data of fish collected with the 60.5 m seine net at Port Smith between December 2000 
and November 2002. * p<0.05 

 
 

 

Table 2.3.24  Species identified by SIMPER as typifying fish samples from each season 
collected with the 60.5 m seine net over bare sand at Port Smith between December 2000 and 
November 2002. When a species typified more than one season, the numbers after those 
species names refer to the order of abundance of that species in all seasons. 

 
Early dry Late dry Early wet Late wet 

Craterocephalus pauciradiatus 2

Atherinomorus lacunosus 1

Spratelloides delicatulus 
Hyporhamphus quoyi 2 

Sillago vittata 1

Craterocephalus pauciradiatus 4

Sardinella fijiense 
Sillago vittata 2

Craterocephalus pauciradiatus 1

Sillago vittata 3

Sardinella brachysoma  
Gerres subfasciatus  
Atherinomorus lacunosus 3

Hyporhamphus quoyi 1

Atherinomorus lacunosus 2

Craterocephalus pauciradiatus 3

Leiognathus equulus 
Stolephorus carpentariae 

 

  Early dry Late dry Early wet 

Late Dry  0.458 *   
Early wet  0.688 * 0.313   
Late wet  0.302  0.365  0.500 *  
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2.3.4 Rotenone samples 

2.3.4.1 Species composition 
A total of 3281 fish, representing 82 species and 38 families and weighing 15.58 kg, was 
collected using the ichthyocide rotenone in intertidal pools at Cape Keraudren and Port Smith 
(Table 2.3.25). Nineteen of the 82 species were of commercial and recreational importance 
and contributed 23.1% to the total catch of fish. A further five species were important only 
from a recreational perspective. The most abundant species (and their percentage 
contributions to the total catch) were the glassfish Ambassis vachelli (32.5%), two species of 
atherinid, C. pauciradiatus (14.4%) and Atherinomorus lacunosus (7.5%), and the Moses 
snapper Lutjanus russelli (5.2%), of which only the last is fished commercially or 
recreationally. The top ranked species in terms of biomass was the estuary rockcod 
Epinephelus coioides (19.3%), the individuals of which ranged from 22 to 302 mm in total 
length, followed by Liza macrolepis (13.3%) and L. russelli (8.3%). Species of commercial 
and recreational significance contributed 68.7% to the total weight of fish collected using 
rotenone  (Table 2.3.25). 
Although the total number and total biomass of fish caught at Cape Keraudren (1710 fish and 
7.72 kg) was similar to that collected at Port Smith (1571 fish and 7.86 kg), the total number 
of species recorded at Cape Keraudren (39) was far less than at Port Smith (65) 
(Table 2.3.25).  Furthermore, only 22 of the species, i.e. 27%, were common to both 
locations. Although most of the species unique to one location were rare at that location, 
others, such as A. lacunosus and S. vittata, which ranked third and eighth in terms of their 
contribution to the total number of fish, were recorded only at Port Smith (Table 2.3.25). 

2.3.4.2 Number of species, densities and biomass of fish 
ANOVA of the number of fish species caught in intertidal pools using rotenone at Cape 
Keraudren and Port Smith on each sampling occasion showed a significant difference in this 
variable between locations (p<0.01) but not among seasons (Table 2.3.26). The mean number 
of species at Port Smith, 16.7, was greater than at Cape Keraudren, 11.4 (Fig. 2.3.10a). 
 
Table 2.3.26  Mean squares and significance levels for ANOVAs of the number of species, 
density and biomass per unit area of fish in rotenone samples collected from intertidal pools at 
Cape Keraudren and Port Smith in each season between June 2001 and November 2002.  
** p<0.01 

 
  Main effects   Interactions   

Source  Location (L) Season (S) L x S Residual 

Degrees of freedom  1 3 3 21 

Number of species  179.15 ** 28.44 32.15 21.85 

 
The mean number of fish caught using rotenone in intertidal pools at Cape Keraudren rose 
from a minimum of 39.7 fish 10m-2 during the late wet season to a maximum of 198.5 fish 
10m-2 during the late dry season, before declining to 153.0 fish 10m-2 during the early wet 
season (Fig. 2.3.10b). In contrast, the mean number of fish at Port Smith was highest in the 
early dry season (139.2 fish 10m-2) and lowest during the late dry season (64.6 fish 10m-2). 
The mean biomass of fish at Cape Keraudren followed a similar trend to the number of fish, 
rising from 98.3 g 10m-2 in the late wet season to 728.9 g 10m-2 during the late dry season 
before declining to 494.5 g 10m-2 during the early wet season (Fig. 2.3.10c). The mean 
biomass at Port Smith remained relatively constant at ca 450 g 10m-2 between the late wet and 
late dry seasons before increasing markedly to 1073.9 g 10m-2 in the early dry season 
(Fig. 2.3.12c). 
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Figure 2.3.10   a) Mean number of fish species � 95% CL, b) density of fish 500 m-2 � 95% 
CL and c) biomass of fish 500 m-2 � 95% CL collected with rotenone from intertidal pools at 

audren and Port Smith in each season between June 2001 and November 2002. 

e mean densities of the various fish species in samples collected on the different 
ampling occasions from intertidal pools using rotenone were subjected to MDS ordination, 

the samples from Cape Keraudren formed a group on the left of the plot that showed no 
overlap with the samples from Port Smith on the right of the plot (Fig. 2.3.11a). One-way 
ANOSIM confirmed that the compositions of the fish faunas in intertidal pools was strongly 
influenced by location (p<0.01, R-statistic = 0.876). Relatively greater numbers of Amniataba 

Cape Ker

2.3.4.3 Ichthyofaunal composition of rotenone samples 
When th
s
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caudavittatus and L. macrolepis at Cape Keraudren and S. vittata and A. lacunosus at Port 
Smith were identified by SIMPER as contributing, in particular, to the difference in 
community composition between these two locations (Table 2.3.27). 

 
Table 2.3.27  Species identified by SIMPER as typifying fish samples collected with 
rotenone from intertidal pools at Cape Keraudren, Eighty Mile Beach and Port Smith between 
December 2000 and November 2002. 

 
Cape Keraudren Port Smith 

Amniataba caudavittatus 
Liza macrolepis 
Ambassis vachelli 
Acanthopagrus latus 

Sillago vittata  
Atherinomorus lacunosus  
Platycephalus endrachtensis  
Arothron manilensis 
Craterocephalus pauciradiatus  

 

In Figs 2.3.11b,c the arrows join the points for the samples obtained from intertidal pools for 
sequential seasons at both Cape Keraudren and Port Smith, irrespective of the year. Thus, there 
are two points for the samples in the early dry and late dry seasons, but only a single point for 
both the early wet and late wet seasons at both locations. The points for the samples for the 
sequential seasons followed a clearly cyclical pattern at Port Smith but not at Cape Keraudren. 

Cape
Keraudren

Early Dry

Late Dry

Early Wet

Late Wet

Port
Smith

Stress: 0.11c)Stress: 0.11b)

Stress: 0.07a)

 
Figure 2.3.11  Nonmetric multidimensional scaling ordination of the mean densities of the 
various species in samples collected using rotenone in intertidal pools at (a) Cape Keraudren 
and Port Smith and (b) Cape Keraudren and (c) Port Smith on each sampling occasion 
between June 2001 and November 2002.  
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Figure 2.3.12  Length-frequency histograms for a) Eleutheronema tetradactylum and b) 
Polydactylus macrochir caught by gill and seine netting in nearshore, shallow waters. 

 

2.3.5 Length-frequency distributions 
A combination of the size of catches, length-frequency distributions and size at maturity of 
the more important commercial and/or recreational fish species can be used to elucidate the 
ways in which nearshore waters are used by those species and to provide an idea of the 
relative importance of those waters to those species. Thus, for example, the question of 
whether a species is resident in those waters throughout its life cycle or uses those waters 
mainly as a nursery area can be ascertained from the catches of its juveniles and adults. 
However, the limited published data on the size at maturity of the species in nearshore waters 
(e.g. Kaiola et al., 1993, www.fishbase.org), makes it difficult to determine whether a 
“medium sized” individual of a species is a juvenile or an adult. For this reason, we have had 
to supplement those data with preliminary data on maturity that we have collected during this 
study and in a current FRDC on the biology of some of these species in north western 
Australia FRDC (2002/003), the results of which, in some cases, conflict with those recorded 
in the above two references. 

Both of the threadfin salmons, E. tetradactylum and P. macrochir, which are protandrous 
hermaphrodites, reach maturity at about 250mm. Thus, the very substantial numbers of the 
juveniles and adults of E. tetradactylum in catches obtained from nearshore, shallow waters 
along the Pilbara and Kimberley coasts demonstrate that this species is resident in this type of 
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habitat (Fig. 2.3.12a). Although large numbers of the adults of P. macrochir were caught in 
the same habitats, the numbers of smaller juveniles obtained from those same waters was 

iles tend to 

e from their nursery areas in nearshore, shallow waters before they reach 

relatively small (Fig. 2.3.12b). This obviously implies that the smaller juven
occupy a type of habitat not sampled during the present study.  

In contrast to the situation with the two species of threadfin salmon, the estuary rockcod 
Epinephelus coioides and malabar grouper Epinephelus malabaricus, which are protogynous 
hermaphrodites, were represented entirely by juveniles in our samples from nearshore, 
shallow waters and these came almost exclusively from intertidal pools. The conclusion that 
these individuals are juveniles is based on the fact that only one individual of either species 
exceeded 500mm, the approximate length at which both of these species reach maturity (Fig. 
2.3.13a,b). It is also consistent with the capture of substantial numbers of the adults of these 
species further offshore in waters of 15 to 30m depth (Chapter 3). Thus, the above two species 
emigrate offshor
maturity. The far smaller catch of E. malabaricus than E. coioides in nearshore, shallow 
waters parallels the situation found offshore (Chapter 3). 

Fr
eq

ue
nc

y 
(%

)

b)

0 200 400 600

0

5

10

15

20

25

30

Fr
eq

ue
nc

y 
(%

)

a)

0 200 400 600

0
5

10
15
20
25
30
35
40

n = 72
= 107.2mmx

n = 17
= 112.3mmx

Total length (mm)  
 

Figure 2.3.13  Length-frequency histograms for a) Epinephelus coioides and b) Epinephelus 
malarbaricus caught by gill and seine netting and the use of rotenone in nearshore, shallow 
waters. 
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Virtually all of the individuals of Lutjanus russelli were caught in intertidal pools and very 
few of these exceeded 125 mm, a length well below that at which this species reaches 
maturity (Fig. 2.3.14a). All of the relatively small number of Lutjanus argentimaculatus that 
were caught were also juveniles (Fig. 2.3.14b). This suggests that these two congeneric 
lutjanids use nearshore, shallow waters as nursery areas before migrating offshore, where they 
become susceptible to capture by commercial fishers (Chapter 1). 
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Figure 2.3.14 Length-frequency histograms for a) Lutjanus russelli and b) Lutjanus 
argentimaculatus caught by gill and seine netting and the use of rotenone in nearshore, 
shallow waters. 

 

Since the lengths of the sharks Rhizoprionodon taylori and Carcharhinus cautus ranged 
upwards to close to their maximum, these two species can complete their life cycles within 
nearshore, shallow waters and are thus residents in these waters (Fig. 2.3.15a,b). In contrast, 
the maximum lengths of Negaprion acutidens and Pristis zijsron were far less than the 
maxima recorded for these chondrichthyans and thus these species use nearshore, shallow 
waters as nuresery areas (Fig. 2.3.16a,b).  
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Figure 2.3.15  Length-frequency histograms for a) Rhizoprionodon taylori and b) 
Carcharhinus cautus caught by gill and seine netting in nearshore, shallow waters. 
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igure 2.3.16  Length-frequency histograms for a) Negaprion acutidens and b) Pristis zijsron 
caught by gill and seine netting in nearshore, shallow waters. 
F
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2.4 Discussion 

2.4.1 Use of nearshore waters by commercial and recreational fish species 
The fish caught in nearshore waters of the Pilbara and Kimberley coasts, using three different 
sampling methods, comprised 170 identifiable species representing 66 families. Fifty three of 
these species are fished commercially and recreationally in this location and a further 17 are 
fished exclusively by recreational fishers. The number of commercially and/or recreationally 
important species caught by gill nets (52) was greater than by seine net (37) and by using 
rotenone (24). This difference is mainly due to the fact that gill nets catch the larger species 
that are sought after as food fish, such as the barramundi Lates calcarifer and several species 
of carcharhinid shark. These larger species are less abundant in the shallower waters sampled 
by the seine net and by rotenone. Larger more mobile fish species would also tend to avoid 
the seine net. 

Juveniles represented sixty of the 70 species, that were caught in nearshore, shallow waters 
and which contributed to the commercial and/or recreational fishery. However, less than half 
of these species (24) were also caught as adults. Thus, as they approach adulthood, the 
individuals of these latter species presumably emigrate from nearshore, shallow waters into 
deeper, offshore waters where they spawn. For example, the juveniles of the Moses snapper 
Lutjanus russelli were largely confined to intertidal pools, in which they were very abundant, 
while the adults of this lutjanid were caught neither in these pools nor by seine and gill netting 

aves, 1992, 1996) indicate that the juveniles of 

ed species. 

 contrast to the situation with species such as L. russelli, E. coioides, N. acutidens and P. 
zijsron, the juveniles and adults of both the king and blue threadfin salmons, Polydactylus 
macrochir and Eleutheronema tetradactylum, were caught in large numbers over sand in 
nearshore, shallow waters. Although no small juveniles of P. macrochir were collected in this 
study, it is assumed that these small individuals occupy an unsampled habitat in this region. 
These two species, which are thus considered permanent residents in these waters, were the 
most abundant of the commercial fish species caught during the present study. The combined 
landings of these two polynemid species in the Kimberley Gill Net and Barramundi Fishery 
over recent years have ranged from 47 to 95 t (Department of Fisheries Western Australia, 
CAES, Chapter 1). Although the juveniles and adults of the nervous shark Carcharhinus 
cautus were also relatively abundant in our gill net samples, they were caught mainly in 

in waters near to the shore. The adults of L. russelli, which contribute ca 27 t per year to the 
offshore trawl fishery along the Pilbara and Kimberley coasts (Department of Fisheries 
Western Australia, CAES), are caught further offshore (Chapters 1,3).  The estuary cod 
Epinephelus coioides was likewise largely found as juveniles in intertidal pools and as adults 
in offshore waters. Thus, although none of the individuals of E. coioides caught in intertidal 
pools exceeded 350 mm, the adults of this serranid grow to more than 1200 mm and 30 kg (G. 
Young, unpublished data) and make a significant contribution to the offshore trawl and trap 
fishery in Western Australia (Department of Fisheries Western Australia, CAES). Yet, it 
should be recognized that the pools were sampled at low tide and that the mangroves that 
surround these pools only become covered by water at high tide. This point is important 
because studies conducted elsewhere (She
these species may have a preference for mangrove habitats and may thus move into these 
areas as the tide begins to rise. 

Our catch data demonstrate that certain species of elasmobranch also use the nearshore waters 
along the Pilbara and Kimberley coasts only as nursery areas. This applied, for example, to 
the lemon shark Negaprion acutidens, which was caught solely as juveniles and 
predominantly in mangroves, and the green sawfish Pristis zijsron, which was also caught 
only as juveniles, but, in the case of this species, came from exclusively over bare sand. The 
identification of the nursery habitat of P. zijsron is very important because this species has 
been placed on the IUCN red list of endanger

In
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mangroves rather than over bare sand. This nearshore resident carcharinid species also 
udy 

area (W

 present study are taken into 
ially and/or recreationally, 

niles of 152 of these species (89.9%) were caught in nearshore, 

l fish stocks in these waters cannot be underestimated. This 

ifference between the fish faunas of intertidal pools and nearshore bare sand areas 

faunas in the two habitat types at the above locations 

a

occupies mangrove habitats in Shark Bay, approximately 1000 km to the south of our st
hite & Potter, in press).  

When all of the 170 fish species that were caught during the
es that are not fished commercaccount, including the smaller speci

it was found that the juve
shallow waters. This high percentage contribution parallels the values of 80 – 97% recorded 
in comparable nearshore habitats in Selangor, Malaysia (Sasekumar et al., 1992) and exceeds 
that of the ca 70% estimated for nearshore waters at Dampier (Blaber et al., 1985), which is 
located ca 300 km to the south west of our study area. 

In terms of numbers, the fish faunas in nearshore, shallow waters along the Pilbara and 
Kimberley coasts were dominated by small species and particularly those of engraulids, 
atherinids and clupeids. Thus, although emphasis has previously been placed on commercially 
and/or recreationally important species, the importance of these small species in maintaining 
the commercial and/or recreationa
conclusion is based on the fact that the members of the above three families typically 
constitute the prey of large predatory fish (see for e.g. Blaber et al. 1990; Robertson and 
Duke, 1990a,b), and preliminary work conducted during this study and a current FRDC 
(2002/003), has shown this to be particularly the case for the threadfin salmons, estuary 
rockcod, malabar grouper and mangrove jack along the Pilbara and Kimberley coasts. 

2.4.2 Habitat and location differences in the fish faunas. 
The use of three sampling methods enabled the fish faunas in different habitat types to be 
sampled and increased the chances of catching species that are not susceptible to capture by a 
particular sampling technique. Thus, rotenone is especially effective in sampling small and 
isolated water bodies, while seine netting is useful for catching fish that occupy shallow water 
near the water’s edge and gill nets are effective in sampling waters slightly further from the 
shoreline. The differences in the fish faunas obtained from intertidal pools using rotenone and 
from nearshore, unvegetated shallow waters by seine netting are demonstrated by the fact that 
only 28 of a collective total of 145 species were recorded in both of these habitat types. The 
major d
resides in the fact that Ambassis vachelli, L.  russelli and Amniataba caudavittatus were 
relatively far more abundant in the former habitat type, whereas the small pelagic species 
Stolephorus carpentariae, Sardinella brachysoma, Spratelloides delicatulus and Sardinella 
fijiense were relatively far more numerous in the latter habitat type. 

Gill netting was the only sampling technique that was used in more than one habitat type, i.e. 
bare sand and mangroves. The compositions of the fish faunas caught by gill netting over bare 
sand and in mangroves at Cape Keraudren and Port Smith were significantly different, and 
this was particularly the case in the former location where the sites representing the two 
habitat types were further apart. Thus, E. tetradactylum, P. macrochir, Sillago analis and 
Chanos chanos were relatively more abundant over bare sand than in mangroves, whereas the 
reverse was true for Liza macrolepis, C. cautus and L. argentimaculatus. In both locations, 
E. tetradactylum was an important typifying species for the bare sand habitat and 
L. macrolepis was an important diagnostic species for the mangrove habitat. However, the 
suites of species that typified the 
otherwise had little in common.  

Since Port Smith, the most northerly location, nd Eighty Mile Beach are separated by a 
distance of ca 200 km, and a further 100 km separates the latter location from Cape 
Keraudren, the most southerly location, it is not surprising that the compositions of the fish 
faunas in the nearshore waters of these three locations were significantly different. However, 
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although Eighty Mile Beach is located between Port Smith and Cape Keraudren, the points on 
the ordination plots for the samples obtained by gill netting and seine netting at this location 
lay to the left of those for the other location In other words, the composition of the fish 
fauna in nearshore waters at Eighty Mile Beach was not intermediate between those at Port 

mith and Cape Keraudren, as might have been expected from their relative geographical 
from Port 

Smith to Cape Keraudren to Eighty Mile Beach paralleled the progressive shift that occurred 
in the degree of exposure to tidal action and thus the turbidity of the water, with the 
conditions being least extreme at Port Smith and most extreme at Eighty Mile Beach.  

The conclusion that, at least in part, the above types of environmental variation could have 
been responsible for the differences in the fish faunas of the three locations is consistent with 
the differences found between the types of habitat vis a vis the sediment type of the habitats 
occupied by Valamugil cunnesius and Liza macrolepis (Blaber, 1976). Thus, paralleling the 
results of Blaber (1976), V. cunnesius was the most common mullet species in the fine silty 
sediment that characterised Eighty Mile Beach, while L. macrolepis was very abundant over 
the coarse sediment at Port Smith. If the above conclusions are correct, the influence of tidal 
action and other associated environmental effects exert a greater influence on ichthyofaunal 
composition than those that are associated with latitude. 

One of the most important typifying species of the gill net samples over bare sand at Cape 
Keraudren was a chondricthyan, namely the green sawfish Pritis zijsron. This contrasts 
markedly with the samples collected using this method over bare sand at Eighty Mile Beach 
and Port Smith. Indeed, the gill net samples at Cape Keraudren contained a greater number of 
chondricthyans, which are generally very much larger than the common fish species found at 
these locations, than those obtained from the other two locations. This accounts for the fact 
that the biomass in gill net samples from the former location was significantly greater than 
those obtained using the same method in the other two locations. A larger number of 
chondricthyan species also accounts for the number of fish species being far higher in the late 
wet period at Cape Keraudren than at the other two locations and even at Cape Keraudren at 
other times of the year. This is paralleled by the situation in the seine net catches. Since the 
elasmobranchs in both the gill and seine net catches were mainly young juveniles, the 
nearshore, shallow waters at Cape Keraudren clearly play an important nursery role for 
chondricthyans during the late wet period.  

MDS ordination and the results of ANOSIM tests demonstrated very clearly that the 
compositions of the fish faunas in the intertidal pools at Port Smith and Cape Keraudren 
differed markedly. Indeed, no species contributed to the suite of main typifying species of the 
fish faunas in the pools of both locations. However, these differences are hardly surprising in 
view of the large latitudinal distance between these two locations and, even more particularly, 
between the environmental conditions of those pools. The intertidal pools at Cape Keraudren 
contain mangrove debris, pneumatophores and roots and, at high tide, its waters become 
confluent with those surrounding the mangrove stands (Plate 2.2.5). In contrast, the intertidal 
pools at Port Smith contain bare sand and oyster-covered rocks and are essentially not 
associated with any form of vegetation (Plate 2.2.6). The clearer water, bare sand and greater 
amounts of rock at Port Smith almost certainly accounts for the greater number of sand-
dwelling species, such as Sillago vittata and Platycephalus endrachtensis, and of reef-
dwelling species, such as Abudefduf septemfasciatus and Cephalopholis boenak, in this 
location. The presence of clearer water at Dampier than in various regions in Queensland and 
northern Australia was also invoked by Blaber et al. (1985) to account for differences in the 
ichthyofaunal composition between those locations. 

 

s. 

S
locations.  It is thus relevant that the progressive change that occurred in the fauna 
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2.4.3 Intra-annual variations in the fish fa
The distribution of the samples on the ordination plot shown in Figs 2.3.5 and 2.3.9 for gill 
net and seine net data, respectively, emphasised that the compositions of the fish faunas in 
nearshore, shallow waters in the dry and wet periods at Eighty Mile Beach differed markedly. 
The faunal differences between these periods were mainly attributable to the relatively far 
greater numbers of the catfishes Arius proximus and Arius mastersi and the engraulids 
Thryssa hamiltonii and Thryssa setrostris during the wet period and of Escualosa thoracata 
and Valamugil cunnesius during the dry period. Indeed, the two catfish species were largely 
caught in gill nets only during the wet period, when they were present in relatively very large 
numbers. This point is illustrated by the fact that the numbers of A. proximus caught during 
the wet period were over 20 times that obtained during the dry period. Since many of the 
catfish caught during the wet period were mature, this increase in numbers presumably 
reflects a movement to nearshore, shallow areas where catfish are known to form spawning 
aggregations (Kailola et al., 1993). Conversely, the absence of small individuals of the Arius 
species in our samples from nearshore, shallow waters is attributable to the fact that the oral 
brooding adults of these species move offshore and deposit their eggs in deeper water (Blaber, 
2002). The greater biomass recorded for fish in gill net catches during the wet period of the 
year was due not only to greater catches of catfish but also to an increased number of 
elasmobranchs. The increased number of elasmobranchs during the period when there are 
strong onshore winds parallels the findings of Blaber et al. (1985) elsewhere in Australia. 

The distribution of the samples on the ordination plots demonstrated that the compositions of 
the fish faunas for Port Smith and Cape Keraudren in the dry and wet periods also differed, 
but not to the same extent as at Eighty Mile Beach. Thus, for example, on the basis of the gill 
net data, the composition of the samples over bare sand in the early wet season differed 
markedly from those in the early dry season at both Port Smith and Cape Keraudren. 
Likewise, on the basis of the seine net data, the samples from the late dry differed markedly 
from both the early wet and the early dry. Although it is evident from our data that the very 
marked differences in environmental conditions at different times of the year along the Pilbara 
and Kimberley coasts are paralleled by differences in the compositions of the fish faunas, it is 
not clear why the differences between the dry and wet periods are more pronounced at Eighty 
Mile Beach than at the other two locations. 

In the case of the gill net data for both the bare sand and mangrove habitats, the compositions 
of the fish faunas were found to differ markedly between years only at Port Smith. This inter-
nnual variation was attributable, in particular, to the presence of far greater numbers of 

.3.6 

e, 
ain the increase in catches of V. seheli during the second year. However, 

that ordination plot still demonstrated that the faunal composition under went a progressive 
cyclical change over bare sand in each year. 

 

unas 

a
A. proximus in 2001 and of V. seheli in 2002. The ordination plot shown in Fig 2
emphasised that the main shift occurred between the late wet of 2001 and early dry of 2002. 
Annual variation in recruitment is a characteristic of most mullet species (Robertson & Duk
1990b) and may expl
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3.0 Fish communities of inshore wa rs of the Kimberley and Pilbara 
regions of Western Australia 

ichael J. Travers, Stephen J. Newman and Ian C. Potter 

eatley, 1998; Guidetti, 2000; Nagelkerken et al., 2000; Travers & Potter, 2002). 
urthermore, within a particular habitat type, the above three biotic variables often change 

with water depth, day vs night and latitude (e.g. Francour, 1997; Friedlander & Parrish, 1998; 
Gray et al., 1998; Hyndes, et al., 1999; Williams, et al., 2001). The composition of the 

ere is a need, from a management point of view, to identify the distribution and 
relative abundance of the commercial and recreational fish species found along this vast 
length of coastline. However, prior to this FRDC project, the only published data on the 
ecology of the fish faunas along this coastline are those recorded by Blaber et al. (1985) for 
nearshore shallow waters (< 5 m depth) of the Dampier region and by Young et al. (1986) and 
Williams et al. (2001) for offshore deeper waters (> 40 m depth) at latitudes between 18 and 
35ºS. There is thus no information on the species composition of the fish fauna in the two 
main habitat types, i.e. reef and unvegetated substrate, found in water depths of 5 to 30 m 
along this coast, and in which commercial and recreational fishing takes place. However, 
there are data on the fishery resources and lists of fish species found in coastal regions 
immediately to the south of latitude 21ºS along the north-western coast of Australia (e.g. 
Sainsbury, 1988; Sainsbury et al., 1994; Hutchins, 1995, 1996, 1997). It should also be 
recognised that Chapters 1 and 2 of this FRDC report provide data on the fishery resources of 
the Pilbara and Kimberley coasts and of the fish faunas found in the nearshore waters of this 
region. 

The aim of this component of the project was to test the following hypotheses regarding the 
fish fauna found in water depths of 5 to 30 m between latitudes of 14 and 22ºS on the north-
western coast of Australia. (i) The composition of the fish faunas over reefs will differ 
markedly from those over adjacent soft substrates. (ii) The diversity and abundance of fish 
over reefs and soft substrates will vary with latitude and water depth along the approximately 
3,000 km of coastline in which the inshore waters were sampled. These differences will be 
paralleled by differences in ichthyofaunal composition. (iii) The diversity, catch rates and 
compositions of the fish faunas over reefs will undergo diel changes. (iv) The compositions of 
the fish faunas in the markedly different wet and dry periods of the year will differ. Length-
frequency data will be used to determine the size compositions of the main fish species that 
are of commercial and recreational importance and whether they vary with water depth. For 
those species for which there is a minimum legal length for retention (MLL), these length-
frequency data will also be used to explore broadly the extent to which those species were 
caught above and below that MLL. 

3.2 Materials and Methods 
The fish in shallow (

te

M
3.1 Introduction 
The diversity and densities of fish and the species compositions of fish assemblages typically 
differ among habitat types, such as unvegetated sand, seagrass, mangroves and reefs (e.g. 
Jenkins & Wh
F

ichthyofaunas in certain environments also change throughout the year, as a result of the 
immigrations and emigrations of certain fish species (e.g. Hyndes et al., 1999; Potter et al., 
2001; Travers & Potter, 2002). 

As the amount of fishing taking place in areas along the north-western coast of Australia is 
increasing, th

x = 12 m) and deep waters ( x = 22 m) over reefs and soft substrates were 
sampled at seven locations in the Kimberley and Pilbara regions. Four of the locations were in 
the Kimberley, i.e. Cape Voltaire, Hall Point, Emeriau Point and Cape Bossut, and three in 
the Pilbara, i.e. Cape Keraudren, Cape Preston and Locker Point (see Figure 3.2.1 for latitudes 
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of these locations and Figures 3.2.2 and 3.2.3 for the position of sampling sites in each water 
depth at each location). 

 

 
 

igure 3.2.1F   Map showing the seven locations sa  no  Austrmpled in rth-western alia. 
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Figure 3.2.2  Map showing the locations of the trap sites in shallow and deep waters at a) 
Cape Voltaire, b) Hall Point, c) Emeriau Point and d) Cape Bossut in the Kimberley region of 
Western Australia.  .S  and .D  denote where trawling was undertaken in shallow and deep 
waters, respectively.
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Figure 3.2.3  Map showing the locations of the trap sites in shallow and deep waters at a) 
Cape Keraudren, b) Cape Preston and c) Locker Point in the Pilbara region of Western 
Australia.  .S  and .D  denote where trawling was undertaken in shallow and deep waters, 
respectively. 

 

Fish were collected from over reefs during both the day and night in 2000, 2001 and 2002 
using fish traps of the type employed in the Pilbara commercial trap fishery. In contrast, fish 
were sampled over soft substrates by otter trawling during the day during both 2001 and 2002 
(Tables 3.2.1, 3.2.2). Sampling employed the Fisheries W.A. research vessels Flinders and 
Naturaliste. 
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Table 3.2.1.  Details of the sampling regime conducted dur g dry and wet periods at the seven sampling locations 

in the Kimberley and Pilbara regions of north-western Australia. 
          Kimberley     

in

Year 
 
 

Cape 
Voltaire 
(14° 15´S) 

Hall 
Point 
(15°40´S) 

Emeriau 
Point 

(16°46´S) 

Cape 
Bossut 
(18°42´S) 

Habitat 
sampled 
 

Depth 
sampled 
 

Sampling 
equipment 
 

        
2000 
(Dry) 

29 Jul-3 
Aug 
 

3-8 Aug 11-17 Aug 3-8 Jul Reef Shallow (12 m) 
Deep (22 m) 

Fish traps 

2001 
(Dry) 

14-20 
Aug 
 

20-25 Aug 26 Aug- 4 
Sep 

20-25 Jun Reef and 
soft 
substrate 

Shallow (12 m) 
Deep (22 m) 

Fish traps and 
otter trawl  

2002 
(Wet) 

10-16 Apr 17-22 Apr 23-28 Apr 11-15 Mar Reef and 
soft 
substrate 

Shallow (12 m) 
Deep (22 m) 

Fish traps and 
otter trawl  

 

          Pilbara     

Year 
 
 

Cape 
Keraudren 
(19°57´S) 

Cape 
Preston 
(20°50´S) 

Locker 
Point 
(21°47´S) 

Habitat 
sampled 
 

Depth 
sampled 
 

Sampling 
equipment 
 

       
2000 
(Dry) 

27 Jun- 2 
Jul 

19-24 Jun 15-19 Jun Reef Shallow (12 m) 
Deep (22 m) 

Fish traps 

2001 
(Dry) 

14-19 Jun 6-11 Jun 2-6 Jun Reef and 
soft 
substrate 

Shallow (12 m) 
Deep (22 m) 

Fish traps and 
otter trawl  

2002 
(Wet) 

5-10 Mar 26 Feb-3 
Mar 

22-25 Feb Reef and 
soft 
substrate 

Shallow (12 m) 
Deep (22 m) 

Fish traps and 
otter trawl  

 
 
Table 3.2.2. Years, methods, time (daylight or night), duration of each sample, replication and frequency of 

sampling in both shallow and deep waters at each of the seven sampling locations in the Kimberley 
and Pilbara regions of north-western Australia in 2000, 2001 and 2002. 

Year Method Time of 
sampling 

Set/trawl 
duration 

Number of replicates 
per day or night 

Number  
of sampling 

days or nights 

Total number of 
replicates 

       
2000 Trap Daylight ca 4 h 2 sets of 10 traps 3 6 

 Trap Night ca 10 h 2 sets of 5 traps 2 4 

2001 Trap Daylight ca 4 h 2 set of 10 traps 3 6 

 Trap Night ca 10 h 2 sets of 5 traps 2 4 

 Trawl Daylight ca 15 min 4 trawls 1 4 

2002 Trap Daylight ca 10 h 2 sets of 5 traps 3 6 
 Trap Night ca 10 h 2 sets of 5 traps 2 4 
 Trawl Daylight ca 15 min 4 trawls 1 4 
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e 3.2.1  The fish traps used for sampling reef habitats. 

raps, which have a curved arrowhead design, have a diameter of 1500 mm, a heig
600 mm and a mesh size of 50 mm (Plate 3.2.1). In each of the seven sampling locations i
2000 and 2001, one group of ten traps was set twice during daylight for ca 4 hours on

ays of daylight sampling and two groups of five traps were set once overnight for 
hours on the two nights of nocturnal sampling. In 2002, two groups of five traps were se

ca 11 hours during both daylight and night on three days at each location (Table
The above sampling regimes for 2000, 2001 and 2002 were repeated in both shallow and deep 
waters at each location. To ensure that the field of capture of a trap did not overlap that of 
other trap, each trap was set at distances from each other of at least 50 m (Eggers et al

er temperature was recorded after each group of traps had been set. Records were
kept of the time of sampling, the state of the tide, lunar period and weather conditions. 

s were retrieved one at a time. Each fish was identified to species and its fork le
sured to the nearest 1 mm and then released live. The fork length, rather than total le

easured as the tips of the caudal lobes of fish caught in traps tend to be fragmented (
Newman pers. comm.).  

 otter trawls used to sample the fish over soft substrates close to reefs were of the
oyed in the north-western Australian prawn fisheries. The port and starboard nets
a 30.5 m foot rope and a cod-end made of 45 mm mesh (Plate 3.2.2). Four re
s of 15 min duration were carried out in each water depth at each location during th

in 2001 and 2002 at an approximate boat speed of 3-4 km h-1. All fish were identifie
es and the total number and wet weight of each species in each sample were re

 to logistical difficulties, only three replicate trawls were carried out in each water d
at Cape Keraudren in 2001. 

Plat

 

The t ht of 
n 

 the 
three d ca 11 

t once 
for  3.2.2). 

any 
., 1982). 

Wat  also 

Trap ngth 
mea ngth 
was m S.J. 

The  type 
empl  each 
have plicate 
trawl e day 

d to 
speci corded. 
Due epth 
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Plate 3.2.2  The otter trawl net used for sampling soft substrate habitats. 

 

Univariate analyses 

The mean number of fish species and the mean catch rates of fish recorded using traps in both 
shallow and deep waters at each location during the day and night, and the mean number of 
species, mean densities and biomass of fish derived from trawl catches obtained from the two 
water depths at each location during the day, were subjected to either two or three-way 
Analysis of Variance (ANOVA). The number of fish in each trap were standardised to a catch 
rate of fish 4 h-1 per trap for each daylight sample in 2000 and 2001 and to a catch rate of fish 
10 h-1 per trap for each daylight and night sample in 2002. The numbers and wet weight of 
each fish species collected by trawling were standardised to a density (number of fish 10,000 
m-2) and biomass (kg of fish 10,000 m-2), respectively. Plots of the relationships between the 
log10 transformed means and associated standard deviations for both the mean number of 
species and the catch rates of fish in each depth at each location during both the day and night 
demonstrated that prior to subjecting the data for these dependent biotic variables to ANOVA, 
the number of species and catch rates required a square root and a log10(n +1) transformation, 
respectively (see Clarke & Warwick, 2001 for rationale for this approach). When the data 
derived from trawling were subjected to the same procedure, the plots demonstrated that the 
mean number of species, densities and biomass of fish should each be log10(n +1) 
transformed. Location, depth, time of day and period (wet and dry) are considered fixed 
factors (Underwood, 1981) and differences were considered significantly different at P <0.01. 
When ANOVA showed that there was a significant difference between the mean values for a 
variable, and there was no significant interaction associated with that variable, 
Scheffe’s a posteriori test was used to determine where the differences resided. Note that 
since a full suite of samples could not be collected from deep waters over reefs at Cape 
Keraudren, the limited data for this location were excluded from univariate analyses. 

Multivariate analyses 

Emphasis was initially placed on exploring whether there were marked differences between 
th  compositions of the fish in catches obtained using fish traps over reefs and those obtained e
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using otter trawls over soft substrates. For this purpose, the mean percentage contributions of 
each species on each sampling occasion in each water depth in each habitat type at each 
location were calculated.  

The above percentage contributions of the various species in both the trap and trawl samples 
were ordinated using non-metric Multi-dimensional scaling ordination (MDS) techniques as 
described in the PRIMER v5 statistical package (Clarke & Gorley, 2001). Subsequently, the 
catch rates over reefs and then the densities over soft substrates in each water depth at each 
locality on each sampling occasion were each subjected to MDS ordination separately. 
Because the time over which traps were set during daylight and the night in 2000 and 2001 
differed, i.e. 4 vs 10 h, the analyses of the daylight and night-time data were carried out 
separately. However, the daylight and night-time data were analysed together in 2002 when 
the traps were set for the same time during daylight and the night, i.e. 10 h.   
Prior to the above MDS analyses, the percentage contributions, catch rates and densities of 
each species were square-root transformed and the Bray-Curtis similarity measure used to 
construct the similarity matrices. One-way and two-way crossed analysis of similarity 
(ANOSIM, Clarke, 1993) were employed to test whether the species compositions over reefs 
and soft substrates differed significantly between water depths and among locations, and also 
between day and night in the case of reefs in 2002. When appropriate, the R-statistic values 
determined by ANOSIM for pair-wise comparisons were used to ascertain the degree to 
which the a priori groups of samples were dissimilar. R-statistic values close to unity show 
that the compositions of the samples in each group are very different, whereas those that are 
close to zero demonstrate that they are very similar. Similarity of Percentages (SIMPER; 
Clarke & Gorley, 2001) was used to ascertain which species best typify faunal assemblages 
and/or contribute most to any differences between samples (Clarke, 1993). 

3.3 Results 

3.3.1 Environmental variables 
Mean surface water temperatures were generally ca 4-6�C higher in the wet period of 2002 
(February to April) than in the dry periods of both 2000 and 2001 (June to August or 
September), which were similar (Fig. 3.3.1). In 2002, water temperature was greatest at the 
three most northern locations and declined sequentially from a maximum of ca 32�C at Hall 
Point to a minimum of ca 27�C at the most southern location, i.e. Locker Point (Fig. 3.3.1). In 
both 2000 and 2001, water temperatures declined from ca 26�C at Hall Point to ca 22�C at 
Cape Keraudren and then rose to ca 24�C at Locker Point (Fig. 3.3.1). 

3.3.2 Comparisons of species compositions over reefs and soft substrates 
Fish trapping and otter trawling in shallow ( x  = 12 m) and deeper waters ( x  = 22 m) at the 
seven sampling locations along the north-western Australian coast between 2000 and 2002 
yielded 352 species of fish, representing 194 genera and 82 families (Table 3.3.1). Overall, 
the most speciose families were the Carangidae, Serranidae, Bothidae, Lutjanidae and 
Tetraodontidae (Table 3.3.1). The Serranidae, Lutjanidae, Lethrinidae and Carangidae, which 
were represented in the catches taken by trapping over reefs by 15, 14, 9 and 9 species, 
respectively, contributed 86.1 and 91.5% to the catches in this habitat during the day and 
night, respectively (Tables 3.3.2, 3.3.3). The Carangidae, Bothidae, Tetraodontidae, Mullidae 
and Leiognathidae were the most speciose families collected by trawling over soft substrates 
during the day, with 17, 15, 13, 11 and 10 species being recorded in the catches obtained by 
that method (Table 3.3.4). Collectively, these five families contributed more than 46.4% to 
the total number of fish caught over soft substrates, with the Leiognathidae (21.9%) and 
Carangidae (16.4%) being the most abundant and the Pomacentridae and Terapontidae each 
contributing a further 7.1% to the catch (Table 3.3.4). [Note that only those species that 
contributed > 0.1% are recorded in Table 3.3.4]. 
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Figure 3.3.1  Mean values �SE for water temperatures at the seven sampling locations in 
north-western Australia in June to August 2000, June to September 2001 and February to 
April 2002. 

 

When the percentage contributions of the various fish species collected by trawling over soft 
substrates and by fish trapping over reefs in shallow and deep waters during the day in 2001 
and 2002 were ordinated, all of the samples collected over reefs lay to the left of all of those 

t southern localities, lay very largely below those from 
over reefs in both water depths at all other locations. The question of whether the 

n and in shallow and deep waters at each 

collected over soft substrates (Fig. 3.3.2). Furthermore, the samples obtained using both 
methods were distributed on the plot in a manner that very largely reflected the latitude of 
these locations. Thus, irrespective of the habitat sampled, the samples from the most northern 
locations, i.e. Cape Voltaire and Hall Point, lay in the top of the plot, whereas those from the 
more southern locations, i.e. Emeriau Point, Cape Bossut, Cape Keraudren, Cape Preston and 
Locker Point, lay towards the bottom of the plot (Fig. 3.3.2). Furthermore, the samples 
collected from deep water over reefs at Cape Bossut, Cape Preston, and even more 
particularly Locker Point, the three mos

compositions of the fish faunas at each locatio
location are significantly different is now addressed by subjecting separately to MDS 
ordination, the catch rates of fish over reefs and the densities of fish over soft substrates. 

3.3.3 The compositions of the fish faunas over reefs 
Fish trapping in shallow and deeper waters in each of the seven sampling locations in north-
western Australia in 2000, 2001 and 2002 during the day and night yielded 14,916 and 10,823 
fish, respectively (Tables 3.3.2, 3.3.3). The samples collectively contained 133 species, 
representing 38 families and 66 genera, with those obtained during daylight and night-time 
yielding 112 and 100 species, respectively (Tables 3.3.2, 3.3.3). 
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Figure 3.3.2  Nonmetric multidimensional scaling ordination of the percentage contributions 
of the various fish species caught by fish trapping over reefs and by trawling over soft 
substrates in shallow 

_
x  = 12m) and deep waters (

_
x  = 22m) during the day at six locations in 

north-western Australia on one occasion in both 2001 and 2002. 
 
 

Blue-spot emperor (Lethrinus hutchinsi) was the most abundant species overall in the samples 
obtained during both the day and night, contributing 37.3 and 35.0% to those samples, 
respectively, followed by the stripey snapper (Lutjanus carponotatus) and grass emperor 
(Lethrinus laticaudis), which respectively contributed 16.5 and 11.7% during the day and 25.5 
and 10.3% at night (Tables 3.3.2, 3.3.3). These three species thus collectively accounted for 
over 65 and 70% of the total catches obtained by trapping during the day and night, 
respectively. Lethrinus hutchinsi was the second most abundant fish species in the trap and 
trawl catches of the Pilbara Demersal Finfish Fishery (PDF), with the majority of the catch 
being obtained offshore from the Dampier region (see Chapter 1). Lutjanus carponotatus and 
L. laticaudis are the first and second most frequent of the species in the catches of recreational 
anglers in the Pilbara and west Kimberley region (P. Williamson et al., in prep.). 
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The next most abundant species in the daytime trap catches were golden trevally 
(Gnathanodon speciosus), starry triggerfish (Abalistes stellaris), Indonesian snapper 
(Lutjanus bitaeniatus) and black spine-foot (Siganus fuscescens), which each contributed 
between 2.0 and 4.4% to the total catch during the day. The only other two species to 
contribute more than 2.0% to the total catches during the n ndonesian snapper 
(Lutjanus bitaeniatus) and g r ( hni , bu .0 and 
2.4%, respectively (Tables 3.3.2, 3.3.3). L nii n peciosu portant 
co al specti the Pi ara and west K ley coasts, 
wi in  numb  recre i tch of er region 
(Su hapter

De nanc tches d by traps ies,  Lethrinus 
lat i and L arpono the cont b ach of these species 
to catches varied among locations and betw en depths and between day ght. Thus, 

% to the catches obtained from both shallow 
nd deep waters during both the day and night at the five most southern locations, it 

 A. stellaris

ut, fore declining to 1.9 species and 4.9 fish 4h-1 
at the most southern location, i.e. Locker Point (Fig. 3.3.3a,c). Scheffe’s a posteriori test 
demonstrated that the mean number of species was significantly greater at Cape Bossut than 
at Cape Voltaire and Locker Point and that the catch rates at Cape Bossut were significantly 
greater than at all other locations and those at Emeriau Point were significantly greater than at 
Cape Voltaire (Fig 3.3.3a,c). The overall mean number of species and catch rates in deep 

 ight were I
ontriolden snappe Lutjanus jo

nus joh
i) with c

. s
tions of 5

e imutja a d G s ar
mmercial and recreation

ies rank
species, re vely, on lb imber

th the latter spec g fourth by er in the at onal ca the form
mner et al, 2002; C  1). 

spite the overall domi e of the ca obtaine by 3 spec namely
icaudis, L. hutchins utjanus c t

e
atus, ri utions of e

and ni
although L. hutchinsi contributed more than 20.8
a
contributed less than 7.2% to the catches taken from both shallow and deep waters during 
both the day and night at the two most northern locations, i.e. Cape Voltaire and Hall Point. In 
contrast, the contributions made by L. carponotatus and L. laticaudis to the catches in both 
water depths during both the day and night were greatest at the three and two most northern 
locations, respectively (Tables 3.3.2, 3.3.3). Furthermore, L. bitaeniatus and L. johnii were 
caught only at the two most northern sites, i.e. Hall Point and Cape Voltaire, whereas 
spangled emperor (Lethrinus nebulosus) and purple threadfin bream (Pentapodus emeryii) 
were not caught at these locations, but were abundant in samples from the other five more 
southern locations (Tables 3.3.2, 3.3.3). Lutjanus johnii made a far greater contribution to the 
catches in both shallow and deep waters at Cape Voltaire than to those in both water depths at 
Hall Point (Tables 3.3.2, 3.3.3). Lethrinus nebulosus is an important commercial and 
recreational species in the region. It is the third most frequently caught species by recreational 
fishers in the Pilbara region and ranks in the top ten in the PDF and NDSF fisheries (Chapter 
1). 

At the two most northern locations, L. bitaeniatus made a substantial contribution to the 
catches in deep waters during both the day and night, i.e. 16.1 to 52.2%, but was either absent 
or made only a small contribution to those in shallow waters. Furthermore,  was 
always more abundant in deep than in shallow water and sometimes markedly so. Lutjanus 
carponotatus was typically caught in greater numbers during the night than day and, in four of 
the seven locations, was at least twice as abundant in the night-time catches (Table 3.3.5). In 
contrast, L. laticaudis was caught in greater numbers during the day than night at five of the 
seven locations sampled (Table 3.3.5). 

3.3.4 Ichthyofaunas of reefs during the day 
ANOVA showed that the mean number of fish species and mean catch rate of fish, derived 
from samples collected by trapping over reefs, differed significantly among locations and 
between water depths (Table 3.3.6). The mean squares for location and depth were similar for 
the numbers of species and were greater for location than depth in the case of catch rates. The 
overall mean number of species and catch rates increased sequentially in a southwards 
direction from 1.3 species and 2.2 fish 4h-1 at the most northern location, i.e. Cape Voltaire, to 
4.3 species and 19.2 fish 4h-1 at Cape Boss be
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w
ater, i.e. 2.8 and 6.4 fish 4h

-1, w
ere greater than those in shallow

 w
ater, i.e. 1.9 and 4.5 

fish 4h
-1 (Fig 3.3.3b,d). 
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Figure 3.3.3  Mean numbers of fish species and catch rates of fish �95% CIs over reefs at the 
different locations during the day (a and c) and in shallow and deep waters (b and d) on one 
occasion in both 2000 and 2001. 

 

The mean catch rates of L. hutchinsi, L. laticaudis and L. carponotatus differed significantly 
among locations and there were significant interactions between location and depth with the 
latter two species (Table 3.3.6). The mean catch rate of L. hutchinsi was significantly greater 
at Cape Bossut (P < 0.001) than at all other locations and was also significantly greater at 
Emeriau Point, Cape Preston and Locker Point than at Cape Voltaire (Fig. 3.3.4a). The 
interaction between location and depth for L. carponotatus and L. laticaudis is explained by 
the fact that, while the catch rates were greater in shallow than deep waters in four and five of 
the six locations, respectively, the reverse pertained at the other two and one locations, 
respectively (Fig. 3.3.4b,c). 
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Table 3.3.6  Mean squares and significance levels for two-way ANOVAs of the mean number 
of fish species and the mean catch rates of fish and of the three most abundant fish species 
derived from the catches obtained by fish trapping over reef habitats during the day at six 
locations in north-western Australia on one occasion in both 2000 and 2001.  

 Main effects   Interactions  
 Location (L) Depth (D)  L x D Residual 
 DF (5) (1)  (5) (91) 
Mean number of species  1.633*** 1.797**  0.208 0.214 
Mean catch rate 1.178*** 0.385**  0.081 0.081 
Lethrinus hutchinsi 1.733*** 0.007  0.149 0.079 
Lutjanus carponotatus 0.210*** 0.002  0.088** 0.023 
Lethrinus laticaudis 0.149** 0.028  0.303*** 0.032 
      

DF, degrees of freedom; **P < 0.01; ***P < 0.001. 

 

On the ordination plot derived from the trap catch rates for species in shallow and deep waters 
at the different sampling locations, the samples from the two most northern latitudes, i.e. Cape 
Voltaire and Hall Point, formed a group in the upper region of the plot, whereas those from 
deep water at the most southern latitude, i.e. Locker Point, were mainly located towards the 
bottom of the plot and those from Emeriau Point occupied an intermediate position (Fig. 
3.3.5a). One-way ANOSIMs showed that the species compositions of the fish fauna over reefs 
were significantly influenced by both location and water depth (P<0.001), with the R-statistic 
for location (0.353) being more than twice that for depth (0.147). The main typifying species 
for the shallow and deep waters at each location are shown in Table 3.3.7. For example, the 
shallow waters at Cape Voltaire and Hall Point were typified by L. carponotatus, L. laticaudis 
and either the estuary cod (Epinephelus coioides) or the dark-tailed snapper (Lutjanus 
lemniscatus), whereas the deeper water at these two locations were typified by the former two 
species and L. bitaeniatus. However, at each of the other locations, the fish faunas over reefs 
in shallow waters were typified by L. hutchinsi and L. carponotatus or L. laticaudis, whereas 
those in deeper waters were typified by L. hutchinsi and either L. laticaudis, L. carponotatus, 
A. stellaris or L. nebulosus. 

Since the one-way ANOSIM demonstrated that location had the greatest influence on the 
species compositions of the samples, the effect of location was examined in each depth 
separately. The samples collected from shallow water at most locations tended to form groups 
in different parts of the plot (Fig. 3.3.5b). One-way ANOSIM demonstrated that the species 
compositions in the shallow waters of the different locations were significantly different 
(P<0.001, R-statistic = 0.426). Pair-wise ANOSIM comparison tests showed that the samples 
from each location were significantly different from that in each other location in all cases 
except for Emeriau Point vs Locker Point and Cape Preston vs Locker Point. The species that 
distinguished between the faunas of each pair of locations in shallow water, except for those 
two pairs of locations where the difference was not significant, are shown in Table 3.3.8. For 
example, the fauna at Cape Bossut was distinguished from those at all other locations by a 
greater contribution of L. hutchinsi and red emperor (Lutjanus sebae), whereas the fauna in 
shallow water at Hall Point was distinguished from that at each other location by a greater 
contribution of L. laticaudis (Table 3.3.8). 
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Figure 3.3.4  Mean catch rates �95% CI for a) Lethrinus hutchinsi in shallow and deep waters 
at six locations in north-western Australia and mean catch rates �95% CIs of b) Lutjanus 
carponotatus and c) Lethrinus laticaudis in shallow (O) and deep ( ) waters at six locations 
during the day in north-western Australia on one occasion in both 2000 and 2001. 
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Figure 3.3.5 Nonmetric multidimensional scaling ordinations of the catch rates of the various 
fish species caught by fish trapping over reefs in a) shallow (

_
x   = 12m) and deep (

_
x   = 22m) 

waters and b) shallow and c) deep waters separately at six locations during the day in north-
western Australia on one occasion in both 2000 and 2001. 
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Table 3.3.7  Species shown by SIMPER to typify the fish communities over reef in shallow 
and deep waters at six locations in north-western Australia during the day on one occasion in 
both 2000 and 2001. 

Cape Voltaire  Hall Point  Emeriau Point  Cape Bossut Cape Preston Locker Point  
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Table 3.3.8  Species shown by SIMPER that distinguish the fish communities over reefs in 
shallow water at six locations in north-western Australia during the day between 2000 and 
2001. The species shown make a relatively greater contribution at the location at the top of 
each column. 

Location Cape 
Voltaire Hall Point Emeriau Point Cape Bossut Cape 

Preston 
Locker 
Point 

       
Locker Point Lutjanus Lethrinus  Lethrinus 

   sebae 
Pentapodus 
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When the catch rates fo n deep water were ordinated separately, the samples from 
each location tended to orm discrete groups (Fig. 3.3.5c). All of the samples from Hall Point 
nd Cape Voltaire lay in the top of the plot, while those from Locker Point were located in the 
ottom of the plot and those from Emeriau Point, Cape Bossut and Cape Preston lay in the 
iddle of the plot (Fig. 3.3.5c). One-way ANOSIM demonstrated that the species 

compositions in deep water in the different loca ons were significantly different (P<0.001, R-

r species i
 f

a
b
m

ti
statistic = 0.808). Pair-wise ANOSIM tests demonstrated that the samples from each location 
were significantly different from each other in all cases except for those at the two most 
northern locations, Cape Voltaire and Hall Point. The species that distinguished between the 
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faunas in deep water at each pair of locations, except for Cape Voltaire vs Hall Point, are 
shown in Table 3.3.9. As an example, the fauna at Hall Point was distinguished from those at 
all other locations by relatively greater catch rates of L. bitaeniatus, whereas those at Emeriau 
Point and Cape Bossut were distinguished from those at all other locations by relatively 
greater catch rates of L. laticaudis and L. hutchinsi, respectively (Table 3.3.9). 

Table 3.3.9  Species shown by SIMPER that distinguish the fish communities over reefs in 
deep water at six locations in north-western Australia during the day between 2000 and 2001. 
The species shown make a relatively greater contribution at the location at the top of each column. 

Location Cape 
Voltaire 

Hall 
Point 

Emeriau 
Point 

Cape 
Bossut 

Cape 
Preston 

Locker 
Point 

Locker Point Lutjanus 
   bitaeniatus 
Lutjanus 
   johnii 
Lethrinus 
   laticaudis 
Epinephelus 
   coioides 

Lutjanus 
   bitaeniatus 
Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 

Lethrinus 
   laticaudis 
Lutjanus 
   carponotatus 
Diagramma 
   labiosum 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Abalistes 
   stellaris 
Gnathanodon 
   speciosus 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 

 

Cape Preston Lutjanus 
   bitaeniatus 
Lutjanus 
   johnii 
Epinephelus 
   coioides 

Lutjanus 
   bitaeniatus 

Lethrinus 
   laticaudis 
Lutjanus 
   carponotatus 
Diagramma 
   labiosum 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Gnathanodon 
   speciosus 

 Lethrinus 
   atkinsoni 
Lethrinus 
   nebulosus 

Cape Bossut Lutjanus 
   bitaeniatus 
Lutjanus 
   johnii 

Lutjanus 
   bitaeniatus 

Lethrinus 
   laticaudis  
Diagramma 
   labiosum 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Gnathanodon 
   speciosus 

Lethrinus 
   atkinsoni 
Lutjanus 
   sebae 

Lethrinus 
   nebulosus 

Emeriau 
Point 

Lutjanus 
   bitaeniatus 
Lutjanus 
   johnii 
 

Lutjanus 
   bitaeniatus 

 Lethrinus 
   hutchinsi 
Abalistes 
   stellaris 
Gnathanodon 
   speciosus 
Pentapodus 
   emeryii 

Lethrinus 
   atkinsoni 
Lutjanus 
   sebae 
Choerodon 
   cauteroma 

Lethrinus 
   nebulosus 

Hall Point   Lethrinus 
   laticaudis 
Lethrinus 
   hutchinsi 
Pentapodus 
   emeryii  
Lutjanus 
   carponotatus  
Diagramma 
   labiosum 

Lethrinus 
   hutchinsi 
Abalistes 
   stellaris 
Gnathanodon 
   speciosus 
Lutjanus 
   carponotatus 
Pentapodus 
   emeryii 

Lethrinus 
   hutchinsi 
Abalistes 
   stellaris 
Lutjanus 
   sebae 
Lethrinus 
   atkinsoni 
Choerodon 
   cauteroma 

Lethrinus 
   hutchinsi 
Lethrinus 
   nebulosus 

Cape 
Voltaire 

  Lethrinus 
   laticaudis 
Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Pentapodus 
   emeryii 
Diagramma 
   labiosum 

Lethrinus 
   hutchinsi 
Abalistes 
   stellaris 
Lutjanus 
   carponotatus 
Gnathanodon 
   speciosus 

Lethrinus 
   hutchinsi 
Abalistes 
   stellaris 
Lutjanus 
   sebae 
Choerodon 
   cauteroma 
Lethrinus 
   atkinsoni 

Lethrinus 
   hutchinsi 
Lethrinus 
   atkinsoni 
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In order to determine whether there were consistent differences between faunal compositions 
in shallow and deep waters at each location, the catch rates for both water depths during the 
day were ordinated separately for each of the different locations. In the case of each location, 
the samples from shallow and deep waters lay on the left and right sides of the ordination 
plots, respectively, and showed little or no overlap (Fig. 3.3.6a-f). One-way ANOSIM tests 
demonstrated that the species compositions in shallow and deep waters at each location were 
significantly different, with R-statistic values ranging from 0.208 at Cape Preston to 0.833 at 
Hall Point (Table 3.3.10). 

Table 3.3.10   One-way ANOSIM results for the trap catches during the day for shallow vs 
deep waters at each location separately on one occasion in both 2000 and 2001. Significant 
results are highlighted in bold type. 

   p (%)   R 
Cape Voltaire 0.2 0.427 
Hall Point 0.2 0.833 
Emeriau Point 0.1 0.478 
Cape Bossut 3.8 0.248 
Cape Preston 3.2 0.208 
Locker Point 0.3 0.628 
   

 

Table 3.3.11 Mean squares and significance levels for two-way ANOVAs of the mean 
ber of species, mean catch rates of fish and the mean catch rates of the three most 

bundant fish species caught by fish trapping over reef habitats during the night at six 
locations in north-western Australia on one occasion in 2000, 2001 and 2002. 
 
 Main effects Interactions    

num
a

 Location  
(L) 

Depth  
(D) 

Period 
(P) 

L x D L x P D x P L x D x P Residual 

 DF (5) (1) (1)   (5) (5) (1) (5) (167) 
Species  0.423** 0.811** 1.735*** 0.121 0.500 0.036 0.278 0.104 
Catch rate 0.472*** 0.404 0.517** 0.170 0.376 0.001 0.115 0.069 
Lethrinus  
 hutchinsi 

2.334*** 0.005 0.472** 0.366*** 0.611*** 0.001 0.050 0.063 

Lutjanus 
 carponotatus 

1.153*** 0.001 0.246 0.285*** 0.257*** 0.170 0.078 0.046 

Lethrinus 
 laticaudis 

0.256*** 0.030 0.596*** 0.130** 0.076** 0.048 0.019 0.039 

         

DF, degrees of freedom; **P < 0.01; ***P < 0.001. 
 

3.3.5 Ichthyofaunas of reefs during the night 
ANOVA showed that the mean number of fish species and mean catch rates of fish in traps at 
night differed significantly among locations and periods and, in the case of the number of 
species, between water depths, and that there were no significant interactions at P<0.01 
(Table 3.3.11). The mean square was greatest for period in the case of both biotic variables 
(Table 3.3.11). The mean number of species was greater in the dry period than wet period, 3.1 
vs 2.4, respectively, and was greater in deep water than shallow water, 2.9 vs 2.5, respectively, 
and ranged from 2.2 at Cape Voltaire to 3.3 at Cape Bossut (Fig. 3.3.7a-c). The mean catch 
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rate ranged from 4.3 fish 10h-1 at Cape Voltaire to 11.7 fish 10h-1 at Cape Bossut and was 
greater in the dry period (8.8 fish 10h-1) than wet period (6.6 fish 10h-1) (Fig. 3.3.8a,b). 
Scheffe’s a posteriori test demonstrated that the mean number of fish species was 
significantly greater at Cape Bosssut than at Cape Voltaire and that the mean catch rate of fish 
was signifi  greater at Cape Bossut than at either Cape Voltaire or Hall Point. cantly
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Figure 3.3.7  Mean numbers of fish species �95% CIs over reefs during the night in a) the dry 
and wet periods b) shallow and deep waters and c) at each of the six locations on one occasion 
in 2000, 2001 and 2002. 
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Figure 3.3.8  Mean catch rates of fish  �95% Is over reefs during the night a) at each 
location and b) during t periods at each of the six locations on one occasion in 
2000, 2001 and 2002

 

The mean catch rates of L. hutchinsi,  carpono  and L. laticaudis differed significantly 
mong locations and, in the case of the first and third species, also between periods and that 

C
 the dry and we

. 

L. tatus
a
there were significant interactions between both location and depth and between location and 
period for each species (Table 3.3.11). The interaction between location and depth is 
explained by the fact that the catch rates were greater in shallow than deep waters at some 
locations and greater in deep than shallow waters at other locations (Fig. 3.3.9a,b,c). 
However, there were no clear trends for the catch rates of any of these three species to be 
greater in either shallow or deeper water at any location. 
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Figure 3.3.9  Mean catch rates �95% C ethrinus hutchinsi, b) Lutjanus carponotatus 
and c) Lethrinus laticaudis ove  reefs in ) and deep ( ) waters during the night at 
each of the six locations on one on  2001 . 

 

Following ordination of the c tch rate nd deep waters over reefs 
during the night at the different samplin ns, the  from the two most northern 

titudes, i.e. Cape Voltaire and Hall P the  of the plot, whereas those 
om deep water at the most southern latitude, i.e. Locker Point, were mainly located towards 

the bottom of the plot and those from Emeriau Point, Cape Bossut and Cape Preston lay in the 
middle right of the plot (Fig. 3.3.10a). One-way ANOSIMs showed that the species 
compositions of the fish fauna over reefs during the night were significantly influenced by 
location (P<0.001), water depth (P<0.01) and period (P<0.05), with the R-statistic being far 

Is for a) L
r  shallow (O
 occasi  in 2000, and 2002

a s for species in shallow a
g locatio  samples

la
fr

oint, lay in upper half
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greater for location (0.467) than for the very low values for both depth (0.070) and period 
(0.058). The main typifying species in shallow and deep waters at each location are shown in 
Table 3.3.12. Although the faunas in both shallow and deep water at Cape Voltaire were 
typified by L. carponotatus, L. johnii, and L. laticaudis, the fauna in shallow water at this 
location was also typified by L. lemniscatus and E. coioides and that in deep water was also 
typified by L. bitaeniatus. Furthermore, the sequence of the three first species in terms of 

een shallow and deeper waters. The types of trend just described for 
differences betw d deeper waters ere repe ted a  locations (Table 
3.3.12). 

Table 3.3.12 Sp by SIMPER that typify  fish ities over reefs in 
shallow and deep six locations in north-western Austra he night in 2000, 
2001 and 2002.  

 Cape Vol int  Emeriau Point Ca  Bossut n Locker Point 

importance varied betw
een shallow an w a t the other

ecies shown  the  commun
  waters at lia during t

taire Hall Po pe Cape Presto

       
Shallow Lutjanus 

   carpono
 

   johnii 
Lethrinus
   laticaud
Lutjanus 
   lemnisc
Epinephe
   coioide

 
ponotatus 

hrinus 
caudis

agramma
 labiosum

Lutjanus 
   carponotatus 

rinus 
utchinsi 

rinus 
is 

Lu  
   carponotatus
Le
   hutchinsi 
Le rinus 
   l icaudis 

 
tatus 

us 

us 

s 
elli 

Lethrinus 
   hutchinsi 

 
notatus 

 

 

       
Deep Lutjanus 

   johnii 
Lutjanus 

  ticau
L tjanus

arpo

anus 
bitaeniatu

s 
  carponotatus 

ethrinus 
dis 

Lutjanus 
johnii 

Lutjanus 
  carponotatus 
Lethrinus 
   laticaudis 
Lethrinus 
   hutchinsi 
 

Le rinus 
   hutchinsi 
Lu  
   carponotatus 
Abalistes 
   ste ris 
Leth nus 
 audis
P odus
   emeryii 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Abalistes 

ris 
Lutjanus 

Lethrinus 
   atkinsoni 
Lethrinus 
   nebulosus 
Lethrinus 
   hutchinsi 

utjanus 
ponotatus 

Lutjanus 
   sebae 

      

Lethrinus 
   hutchinsi 

tjanusLutj
   car

anus 
 tatus 

Lutjanusthrinus Lutjanus

 Di
is   

atus 
lus 
s 

Let
   lati     h

Leth
   carpono

th Leth
at    laticaud

 

Lethrin
   laticaudis 
Lethrin
   lentjan 
Lutjanu
   russ

Lutjanus
   carpo
Lethrinus
   laticaudis 
Lutjanus
   russelli 

   bitaeniatus 
Lethrinus L

 la

thLutj
   s 

tjanusLutjanu

dis    laticau
u  

   c
 

notatus    
 

lla
ri

    sebae 

   stella
L
   car  latic

entap  

 

 

Since one-way IM demonstrated that location d the g ence on the species 
compositions of he samples, the effect of location on species c on was next examined 
separat ly for both water depths. 

The sa r w wat h location s  a n ogress 
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those f m shal .3.10b,c). One-way ANOSIM ated ecies 
compositions in sha te  at the different locations ic ferent 
(P<0.001; R-statistic = 0.453). Pair-wise comparisons showed that the samples from each 
loca on were significantly different from each other in all cases except for Emeriau Point vs 
both Cape Bossut and Locker Point and for Cape Preston vs Locker Point. The species that 

ANOS ha reatest influ  
 t ompositi

e

mples f om shallo er at eac howed
all

 marked tende cy to pr
d their lati al position (c.

 thos
the ordina

. g. 3.2.1) hose from Ca at the top o  plot and
a ton and Lo Point were t tom of th  (Fig. 3.3.1

me trends were 
r a

exhibited b
location for

sa p  deep w g. 3.3.10c)
s eep wate  
ro low water (Figs. 

llow wa
3  demonstr

signif
that the sp

ntly difrs  were a

ti

 Page 140



FRDC Project 2000/132 

distinguish between the ichthyofaunas in the shallows of each pair of locations in which the 
compositions were found to be significantly different are shown in Table 3.3.13. For example, 
the ichthyofauna at Cape Voltaire was distinguished from that at each of the other locations 
by relatively greater catch rates  of L. johnii, whereas the ichthyofauna at Cape Preston was 
distinguished from those at all other locations by consistently greater contributions of Moses 
snapper (Lutjanus russelli) and/or Lethrinus lentjan, the purple headed emperor (Table 
3.3.13)

Table 3.3.13 S y PER that disting muniti r reefs in 
shallow ons in north-western Aust i t in 2000, 2001 and 
2002. The pec y greater contribution at the location at the top of 
each colum

Location Ca
Vol

Hall 
Poin

Emeriau
Point 

Cape
Bossu

Cape 
Preston

Locker 
Point 

. 

   
 w ter a

pecies shown b  SIM uish the
lia dur

 fish com es ove
a t six locati

n make a relativel
ra ng the nigh

 s ies show
n. 

pe 
taire t 

  
t  

       
Cape 
Voltaire

 Lutjanus 
   carponotatus 
Lethrinus 

laticaudi

Lethrinus 
   hutchinsi 
Lethrinus 

aticaudis 
anus 
rponotatus 

Lethrinus
   hutchin
Lutjanus 

not
s 

   fuscesce

nus 
hinsi 

janus 
arponot
tjanus 
ntjan 

Lethrinus 
   hutchinsi 
Lethrinus 

icaudis 

Hall 
Point 

Lutjan
   john

thrinus 
nsi 

Lethrinus
   hutchin

thrinus 
i

tjanus 
entjan 

rinus 
utchinsi 

 Lethri
tcsi    hu

Lut
 

atus    c

ns    le

atus    lat
Lu  

  carpo
Siganu

   s    l
 Lutj

 ca  

 Le
si    hutchins     h

Lu
   l
 

Leth

 

us  
ii 

Le
   hutchi
 

Emeriau
Point 

Lutjan
   john

janus 
carponot

inus 
   laticaudis 

 inus 
   hutchinsi
Lutjanus 
   russelli 

  Lethrus Lut
ii    atus 
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Cape 
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utjan
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Figure 3.3.10  Nonmetric multidimensional scaling ordinations of the catch rates of the 
various fish species collected over reefs in a) shallow (

_
x   = 12m) and deep (

_
x   =22m) water 

depths and b) shallow and c) deep water separately at six locations during the night on one 
occasion in 2000, 2001 and 2002. 
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One-way ANOSIM demonstrated that the speci  compositions in deeper water at the various 
locations were significantly different (P<0.001; R-statistic =0.636). Pair-wise tests showed 
that the species compositions of the samples from each location were significantly different 
from each other in all cases except for Cape Bossut vs Emeriau Point. However, even with 
that one exception, the samples for the two locations showed minimal overlap on the 
ordination plot and the P value was close to significance, i.e. 5.2%. The species that 
distinguish between the ichthyofaunas in deeper waters at each pair of locations in which the 
faunas were significantly different are shown in Table 3.3.14. For example, the ichthyofauna 
at Cape Voltaire was distinguished from those at all other locations by relatively greater catch 
rates of L. johnii and either L. bitaeniatus or L. lemniscatus, whereas that in deep water at 
Locker Point was distinguished from those at all other locations by relatively greater catch 
rates of yellow-tailed emperor (Lethrinus atkinsoni) and L. nebulosus (Table 3.3.14). 

To explore the differences in the compositions in shallow and deep waters and during the dry 
and wet periods in greater detail, the catch rates of the species over reefs during the night 
were ordinated separately for each location. On the resultant plots, the samples from shallow 
water at Hall Point, Cape Preston and Locker Point formed a group on the left of the 
ordination plots that showed little or no overlap with the corresponding samples from deep 
water on the right of the plots (Fig. 3.3.11b,e,f). A similar but less marked trend was present 
in the ordination plots for Cape Bossut (Fig. 3.3.11d). The samples from shallow water in the 
dry period formed tight and largely discrete groups at Hall Point, Cape Preston and Locker 
Point and the same was true for the samples from shallow water in the wet period at Hall 
Point, Cape Bossut and Locker Point and for the samples from the deep water during the dry 
period at Hall Point, Cape Bossut, Cape Preston and Locker Point (Fig. 3.3.11b,d,e,f). 

 

es
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Table 3.3.14   Species shown by SIMPER that distinguish the fish communities over reefs in 
deep water at six locations in north-western Australia during the night in 2000, 2001 and 
2002. The species shown make a relatively greater contribution at the location at the top of 
each column. 

Location Cape 
Voltaire Hall Point Emeriau Point Cape Bossut Cape Preston Locker 

Point 
       
Cape 
Voltaire 
 
 
 
 
 
 
 
 
 

 Lutjanus 
   bitaeniatus 
Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
Diagramma 
   labiosum 

Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
Lethrinus 
   hutchinsi 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Abalistes 
   stellaris 
Pentapodus 
   emeryii 
Lutjanus 
   sebae 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Abalistes 
   stellaris 
Lutjanus 
   sebae 

Lethrinus 
   atkinsoni 
Lethrinus 
   nebulosus 

Hall Point Lutjanus 
   johnii 
Lutjanus 
   lemniscatus 

 Lutjanus 
   carponotatus 
Lethrinus 
   hutchinsi 
Lethrinus 
   laticaudis 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Abalistes 
   stellaris 
Pentapodus 
   emeryii 

Lethrinus 
   hutchinsi 
Abalistes 
   stellaris 
Lutjanus 
   sebae 

Lethrinus 
   atkinsoni 
Lethrinus 
   nebulosus 
Lethrinus 
   hutchinsi 

Emeriau 
Point 

Lutjanus 
   johnii 
Lutjanus 
   bitaeniatus 

Lutjanus 
   bitaeniatus 
Lutjanus 
   johnii 
Diagramma 
   labiosum 

 Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Abalistes 
   stellaris 
Pentapodus 
   emeryii 

Lethrinus 
   hutchinsi 
Abalistes 
   stellaris 
Lutjanus 
   sebae 
Lutjanus 
   russelli 

Lethrinus 
   atkinsoni 
Lethrinus 
   nebulosus 
 

Cape 
Bossut 

Lutjanus 
   johnii 
Lutjanus 
   bitaeniatus 
Lethrinus 
   laticaudis 

Lutjanus 
   bitaeniatus 
Lutjanus 
   johnii 
Lethrinus 
   laticaudis 

Lethrinus 
   laticaudis 

 Lutjanus 
   russelli 

Lethrinus 
   atkinsoni 
Lethrinus 
   nebulosus 
 

Cape 
Preston 

Lutjanus 
   johnii 
Lutjanus 
   bitaeniatus 
Lethrinus 
   laticaudis 

Lutjanus 
   bitaeniatus 
Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
Lutjanus 
   johnii 

Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
 

Lutjanus 
   carponotatus 
Lethrinus 
   hutchinsi 
Pentapodus 
   emeryii 
Lethrinus 
   laticaudis 

 Lethrinus 
   atkinsoni 
Lethrinus 
   nebulosus 
 

Locker 
Point 

Lutjanus 
   johnii 
Lutjanus 
   bitaeniatus 
Lethrinus 
   laticaudis 
Lutjanus 
   lemniscatus 

Lutjanus 
   bitaeniatus 
Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
Lutjanus 
   johnii 

Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
Lethrinus 
   hutchinsi 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
Abalistes 
   stellaris 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Abalistes 
   stellaris 
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Figure 3.3.11  Nonmetric multidimensional scaling ordinations of the catch rates of the 
various fish species caught by fish trapping over reefs in s

_ _
hallow (x   = 12m) and deep (x   = 

Two-way crossed ANOSIM, using data for water depth and period at each location, 
demonstrated that the species compositions of the fauna in shallow waters differed 
significantly from those in deeper waters at each location. However, while the R-statistic 

22m) waters during the night at a) Cape Voltaire, b) Hall Point, c) Emeriau Point, d) Cape 
Bossut, e) Cape Preston and f) Locker Point on two occasions in the dry period (2000 and 
2001) and one occasion in the wet period (2002). 
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values for these differences at Cape Bossut, Cape Preston, Locker Point and Hall Point ranged 
from 0.464 to 0.874, they were low for Cape Voltaire (0.201) and essentially negligible for 
Emeriau Point (0.097) (Table 3.3.15). Furthermore, except in the cases of Hall Point and 
Emeriau Point, the species  n the dry period differed 
significantly from those in the wet period at each location, with R-statistic values ranging 
from 0.268 at Locker Point to 0 t Cape ut (Table 3.3.15).  

able 3.3.15 Significance val ) and R-statistics (R) detected by two-way crossed 
ANOSIM between the compositions of the ichthyofauna over reefs in each water depth, i.e. 
shallow and deep, and each pe . dry  wet ch of the six locations during the 
night in 2000 (dry period), 2001 (dry perio d 2002 (wet period). Significant results are 
highlighted in bold type. 

Cape V
 p %   R 

compositions of the fish fauna i

.594 a Boss

T ues (p%

riod, i.e  and  at ea
d) an

 
oltaire 

Depth 0.3 0.201 
Period 0.1 0.344 
   

 

Hall P
 p % 

oint 
  R 

Depth 0.1 0.874 
Period 6.5 0.125 
   

 

Emeriau P
 p %   R 

oint 

Depth 2.8 0.097 
Period 75.9 -0.083 
   

 

Cape Bossut 
 p %   R 
Depth 0.1 0.464 
Period 0.1 0.594 
   

 

Cape Preston 
 p %   R 
Depth 0.1 0.653 
Period 0.1 0.553 
   

 

Locker Point 
 p %   R 
Depth 0.1 0.812 
Period 1.2 0.268 
   

 

The species that distinguished between the compositions of the fish faunas in shallow and 
deeper waters at Hall Point and Emeriau Point, localities at which the composition did not 
differ significantly between periods, are shown in Table 3.3.16a,b. The species that 
distinguish the dry and wet periods in shallow and deep water separately are shown for Cape 
Voltaire and Cape Bossut in Table 3.3.17 and the species that distinguish the shallow and 
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deeper waters in both the dry and wet periods parately, at Cape Preston and Locker Point 
are shown in Table 3.3.18. For example, the ichthyofaunas in deep waters at Hall Point was 
distinguished from that in shallow water by greater contributions of L. bitaeniatus, L. johnii 
and L. laticaudis, whereas the deep water at Emeriau Point was distinguished from that in 
shallow water by greater contributions of L. carponotatus and L. laticaudis (Table 3.3.16a,b). 
In shallow waters over reefs at Cape Preston, the ichthyofauna in the dry period was 
distinguished from that in the wet period by relatively greater contributions of L. laticaudis, 
L. johnii and L. carponotatus, whereas, during the wet period, L. bitaeniatus made a greater 
contribution to the catches in this depth (Table 3.3.17c). However, in deep water at this 
location, L. bitaeniatus made a greater contribution to the catches in the dry period. 

Table 3.3.16 Species shown by SIMPER analysis as typifying the fish communities in each 
depth (diagonal cells, i.e. Shallow vs Shallow, Deep vs Deep) and distinguishing between 
each of those depths (vertical cells) over reefs at a) Hall Point and b) Emeriau Point during the 
night in 2000, 2001 and 2002.  * Indicates that a species is most abundant in the depth marked 
*, i.e. deep waters. 

 
   a) Hall Point 

 Shallow Deep 

se

Shallow 
 
 
 

 
 
 

Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
Diagramma 
   labiosum 
 

 

Deep* 
 
 
 
 
 
 
 

Lutjanus 
   carponotatus 
Lutjanus 
   bitaeniatus* 
Lutjanus 
   johnii* 
Lethrinus 
   laticaudis* 

Lutjanus 
   bitaeniatus 
Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
Lutjanus 
   johnii 

 
 

   b) Emeriau Point 
 Shallow Deep 

Shallow 
 
 
 
 

 
 

Lutjanus 
   carponotatus 
Lethrinus 
   hutchinsi 
Lethrinus 
   laticaudis 
 

 

Deep* 
 
 
 
 
 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus* 
Lethrinus 
   laticaudis* 

Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
Lethrinus 
   hutchinsi 
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Table 3.3.17   Species shown by SIMPER analysis as typifying the fish communities in each 
season (diagonal cells, i.e. Dry vs Dry, Wet vs Wet) and distinguishing between each of those 
seasons (vertical cells) over reefs in shallow and deep waters separately at a) Cape Voltaire 
and b) Cape Bossut during the night in 2000 (dry period), 2001 (dry period) and 2002 (wet 
period). * Indicates that a species is most abundant in the period marked *, i.e. wet period. 

 
                a) Cape Voltaire 

             Shallow             Deep 
 Dry Wet   Dry Wet 

Dry 
 
 
 
 
 
 
 
 
 
 

Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
Lutjanus 
   johnii 
Lutjanus 
   lemniscatus 
Epinephelus 
   coioides 
 

  

Dry 
 
 
 
 
 
 
 
 
 
 

Lutjanus 
   johnii 
Lethrinus 
   laticaudis 
Lutjanus 
   carponotatus 
Lutjanus 
   bitaeniatus 
Lutjanus 
   lemniscatus 
 

 

Wet* 
 
 
 
 
 
 
 
 
 
 
 

Lethrinus 
   laticaudis 
Lutjanus 
   johnii 
Lutjanus 
   carponotatus 
Lutjanus 
   lemniscatus 
Epinephelus 
   coioides 
Lutjanus 
   bitaeniatus* 

Lutjanus 
   johnii 
Lutjanus 
   carponotatus 
Lutjanus 
   lemniscatus 
Lethrinus 
   laticaudis 
 
 
 
 

 

Wet* 
 
 
 
 
 
 
 
 
 
 
 

Lethrinus 
   laticaudis 
Lutjanus 
   carponotatus 
Lutjanus 
   bitaeniatus 
Lutjanus 
   johnii 
 
 
 
 

Lutjanus 
   johnii 
Lutjanus 
   bitaeniatus 
Lutjanus 
   carponotatus 
 
 
 
 
 
 

 
    b) Cape Bossut 

              Shallow              Deep 
  Dry Wet   Dry Wet 

Dry 
 
 
 

 
 
 
 
 
 
 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
 
 
 
 
 

 
  

Dry 
 
 
 

 
 
 
 
 
 
 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Abalistes 
   stellaris 
Pentapodus 
   emeryii 
Lethrinus 
   laticaudis 
 

 
 

Wet* 
 
 
 
 
 
 
 
 
 

Lethrinus 
   hutchinsi 
Siganus 
   fuscescens 
Lethrinus 
   laticaudis 
Lutjanus 
   carponotatus* 
 
 

Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
Siganus 
   fuscescens 
 
 
 
 

 

Wet* 
 
 
 
 
 
 
 
 
 

Lethrinus 
   hutchinsi 
Pentapodus 
   emeryii 
Lutjanus 
   sebae 
Lethrinus 
   laticaudis 
Lutjanus 
   carponotatus* 

Lutjanus 
   carponotatus 
Lethrinus 
   hutchinsi 
Lethrinus 
   laticaudis 
Abalistes 
   stellaris 
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Table 3.3.18   Species shown by SIMPER anal sis as typifying the fish communities in each 
depth (diagonal cells, i.e. Shallow vs Shallow, Deep vs Deep) and distinguishing between 

             Dry period               Wet  period 

y

each of those depths (vertical cells) over reef habitats at a)  Cape Preston and b) Locker Point 
during the night in 2000 (dry period), 2001 (dry period) and 2002 (wet period). * Indicates 
that a species is most abundant in the depth marked *, i.e. deep waters. 

 
a) Cape Preston 

 Shallow Deep   Shallow Deep 
Shallow 

 
 
 
 
 
 

 
 
 
 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
Lethrinus 
   lentjan 
 
 
 

  

Shallow 
 
 
 
 
 
 
 
 
 
 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Lutjanus 
   russelli 
Lethrinus 
   laticaudis 
Epinephelus 
   coioides 
 

 

Deep* 
 
 
 
 
 
 
 
 
 
 
 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Lethrinus 
   lentjan 
Lutjanus 
   russelli 
Abalistes 
   stellaris* 
Lethrinus 
   nebulosus* 

Lethrinus 
   hutchinsi 
Abalistes 
   stellaris 
Lutjanus 
   carponotatus 
Lethrinus 
   laticaudis 
Lutjanus 
   russelli 
Lethrinus 
   nebulosus 

 

Deep* 
 
 
 
 
 
 
 
 
 
 
 

Lutjanus 
   russelli 
Lethrinus 
   hutchinsi* 
Lutjanus 
   carponotatus* 
Lutjanus 
   sebae* 
Abalistes 
   stellaris* 
 
 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Lutjanus 
   sebae 
Abalistes 
   stellaris 
Lutjanus 
   quinquelineatus 
 
 

 
     b) Locker Point 

            Dry period             Wet  period 
 Shallow Deep   Shallow Deep 

Shallow 
 
 
 
 
 
 

 
 

Lethrinus 
   hutchinsi 
Lethrinus 
   laticaudis 
Lutjanus 
   carponotatus 
 
 
 

  

Shallow 
 
 
 
 
 
 
 
 

Lethrinus 
   hutchinsi 
Lutjanus 
   carponotatus 
Lutjanus 
   russelli 
Lethrinus 
   laticaudis 
 

 

Deep* 
 
 
 
 
 
 
 
 
 

Lethrinus 
   hutchinsi 
Lethrinus 
   laticaudis 
Lutjanus 
   carponotatus 
Lethrinus 
   atkinsoni* 
Lethrinus 
   nebulosus* 

Lethrinus 
   nebulosus 
Lethrinus 
   atkinsoni 
Lethrinus 
   hutchinsi 
Lutjanus 
   sebae 
 
 

 

Deep* 
 
 
 
 
 
 
 
 
 

Lethrinus 
   hutchinsi 
Lutjanus 
   russelli 
Lethrinus 
   laticaudis 
Lutjanus 
   carponotatus 
Lethrinus 
   atkinsoni* 

Lethrinus 
   atkinsoni 
Lutjanus 
   carponotatus 
Lutjanus 
   sebae 
Lutjanus 
   russelli 
Lethrinus 
   hutchinsi 
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3.3.6 Ichthyofaunas of reefs during the day and night 

r both the number of species and catch 

y, i.e. 2.9 species and 6.6 fish 10h –1, than during the night, i.e. 2.3 species and 

ANOVA showed that both the mean number of fish species and the mean catch rates of fish 
over reefs during the day and night in 2002 differed significantly between locations and day 
vs night, and also with water depth for the number of species and that, for both variables, 
there was a significant interaction between location and depth (Table 3.3.19). The mean 
squares were greatest for water depth for the number of species and for location for catch rate. 
The interactions between location and water depth fo
rates is explained by the fact that the values for these two variables were greater in deep than 
shallow waters at four of the locations, whereas the reverse trend was exhibited at the other 
two locations (Fig. 3.3.12a,c). The mean number of species and catch rates were greater 
during the da
4.7 fish 10h -1 (Fig. 3.3.12b,d). 

Table 3.3.19   Mean squares and significance levels for three-way ANOVAs of the mean 
number of species, mean catch rates of fish and the mean catch rates of the three most 
abundant fish species derived from the data obtained by fish trapping over reef habitats during 
the day and night at six locations in north-western Australia in 2002. 
 Main effects    Interactions    
 Location (L) Depth (D) Diel (T)  LxD LxT DxT LxDxT Residual 
 DF (5) (1) (1)  (5) (5)   (1) (5) (91) 
Mean number of species  0.567** 1.196** 1.085**  0.603** 0.235 0.041 0.047 0.152
Mean catch rate 0.660*** 0.300 0.435**  0.217** 0.073 0.009 0.048 0.057
Lethrinus hutchinsi 1.212*** 0.021 0.096  0.184** 0.039 0.052 0.062 0.056
Lutjanus carponotatus 1.59

 
 
 

0*** 0.044 0.029  0.445*** 0.124 0.001 0.035 0.039 
 Lethrinus laticaudis 0.345*** 0.019 0.261***  0.131*** 0.025 0.002 0.016 0.017

          
DF, degrees of freedom; **P < 0.01; ***P < 0.001. 
 

The mean catch rates of L. hutchinsi, L. carponotatus and L. laticaudis differed significantly 
among locations and between day and night with the last species and there were significant 
interactions between location and depth for each species (Table 3.3.19). The interaction 
between location and depth is explained by the fact that the catch rates of each species were 
greater in shallow than deep waters at some locations and greater in deep than shallow waters 

t (0.093) and 
ater depth (0.073) were very low. Pair-wise ANOSIM comparisons showed that the 

composition of the samples from each location were significantly different from that at each 
of the other locations. 

at other locations (Fig. 3.3.13a,b,c). Indeed, there were no clear trends for the catch rates of 
any of these three species to be greater in one depth than another in any location. The mean 
catch rate of L. laticaudis was greater during the day than during the night (Fig. 3.3.13d). 
On the ordination plot derived from the catch rates for species in shallow and deep waters 
over reefs during the day and night at the different locations, the samples from the two most 
northern locations, i.e. Cape Voltaire and Hall Point, lay very largely in the upper one third of 
the plot, whereas those from the two most southern locations, i.e. Cape Preston and Locker 
Point, lay predominantly in the bottom two thirds of the plot (Fig. 3.3.14a). When the data for 
the same samples were coded separately for water depth, the samples from shallow waters 
formed a group in the centre of the ordination plot and were less widely dispersed than those 
from deep waters, with which they intermingled (Fig.3.3.14b). The daytime samples were 
more widely dispersed than the night-time samples, with which they overlapped markedly 
(Fig. 3.3.14c).  
One-way ANOSIM showed that the species compositions of the fish fauna over reefs were 
significantly influenced by location, water depth and day vs night (P<0.001). However, while 
the R-statistic for location was relatively high (0.568), those for day vs nigh
w
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Since location exerted a far greater overall influence on the ichthyofaunal composition over 
reefs than either water depth or time of day, the influence of the latter two variables on the 
ichthyofaunal composition at each location was next explored. On the ordination plots for 
each location, there was a very pronounced tendency for the samples from shallow water 
during the  and ni to lie to ft and/ ove thos m deep r during ay 

h 3.3  Th s fro ate th nd n  
ly formed , es  d up e r 

the samples from wat h  Poin m sh
during the night a  Po 3.1

Two-way crossed onstrated that, at e on except Cape Bossut, the 
species compositi llow water differed signific hat in deeper waters, with 
R-statistic values ranging from 0.162 at Cape Voltaire to as high 0.692 at Hall Point and 0.818 

c able 3.3.20 o st ha of nt 
locations, the species compo can een ht, with R-
statistic values ranging from 0.199 at Cap at Cap a  
The species that typify the na n so at 
distinguish between the fish faunas durin day and night at ea on a in 
Table 3.3.21. As an example, the catch rates of L. nebulosus were rel  greater during the 
day than during the night at Locker Point, whereas the reverse pertai  hutchinsi and 
L. carponotatus during the night at this location (Table 3.3.21). 

3.3.7 Ichthyofaunas over soft substrates 

lo

 day ght  the le or ab e fro wate  the d
and nig t (Fig. .15a-f). e sample m deep w r during bo the day a ight almost
invariab  tight and in most cas , relatively iscrete gro s. The sam was true fo

shallow 
r

er during the day and nig
5b,f). 

t at Hall t and fro allow water 
t Locke int (Fig. 3.

 ANOSIMs dem ach locati
on in sha antly from t

at Lo ker Point (T ). Furtherm re, these te s showed t t, at each the differe
sition differed signifi tly betw day and nig

e Voltaire to 0.412 e Preston (T ble 3.3.20).
ichthyofau s during the day and ight and al  those th

g the ch locati re shown 
atively
ned with L.

Trawling in shal w ( x = 1 x2m) and deep ( = 22m) wa en locations in north-western 
ra  ent study yielded rr 7 

908 fi r rs in each sam n dise m2 
and then summed (Table 3.3.4). These samples contained 279 species, repre  184 
genera  fam ble 3.3.4). Leiognathus sple s the most abund , 
contrib 11.9 Selaroides leptolepis, Pristotis o is, 
Terapo a undosquamis and Paramonacanthus choirocephalus, which were 
the next most abundant species, contributing between 6.1 and 10.4% to the total catch, 
respectively (Table 3.3.4). These six species, which were the only species that contributed 
more than 5% to the total catch, collectively accounted for 48.8% of the catch.  

Two of the 12 species, that contributed more than 2% to the total catch from all locations, i.e. 
eiog dens ator, were t th st 

northe o  contrast, the pomacentrid usiro the m nthid 
P. choirocephalus le rinus genivit e ne  at these tw
locatio le 3

Terapon theraps plendens made the greatest n rms of biomass, 
contrib , r ly. The only oth  te m e than 5% 
to the total biom ere S. leptolepis, S. undosqua d Caranx bucculentus, which 
contrib 5.6%, respectively (Table 3.3.4

ANOVA showed an number of fish species, densities of nd biomass of fish 
differed significa ong locations and, in the case of density, between periods, and that 

ere were two-way and/or three-way interactions between these main effects (Table 3.3.22). 
he mean squares were greater for the main effects than the interactions for both of the biotic 

variables.  

ters at sev
Aust lia during the pres  43 214 fishes. This co esponded to a total of 3

shes, afte the numbe ple had bee  standar d to an area of 10,000
senting

 and 74 ilies (Ta ndens wa ant species
uting % to the total catch, with btusirostr
n theraps, Saurid

the l nathids L. splen  and Secutor insidi  recorded only a e two mo
rn locati ns. In  P. obt stris, onaca

 and the thrinid Leth tatus wer ver caught o 
ns (Tab .3.4). 

and L. s  contributio s in te
uting 10.7 and 9.0% espective er species to contribu or

ass w mis an
uted 5.7, 7.1 and ).  

 that the me  fish a
ntly am

th
T
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Table 3.3.20  Two-way crossed ANOSIM results for each location from the trap catches 
during the d d night 002. S nt result  highlighted in bold typ

Cape Voltaire 
p %   R 

ay an  in 2 ignifica s are e. 
 

 
Depth 2.9 0.162 
Diel 1.1 0.199 

   
 

Hall Point 
 p %   R 
Depth 0.1 0.692 
Diel 0. 0.362 
  

1 
 

 
Em

 p %   R 
eriau Point 

Depth 0.3 0.296 
Diel 2.3 0.324 
   

 
Cape Bossut 

 p %   R 
Depth 11.1 0.133 
Diel 3. 205 

 
9 0.

  
 

Ca
p %   R 

pe Preston 
 
Depth 0.9 0.359 
Diel 0.9 0.412 
   

 
Locker Point 

 p %   R 
Depth 0.1 0.818 
Diel 1.2 0.359 
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Fig. 3.3.15. Nonmetric multidimensional scaling ordinations of the catch rates of the various 
fish species caught by fish trapping over reefs in shallow ( x = 12 m) and deep ( x  = 22 m) 
waters during the day and night at a) Cape Voltaire, b) Hall Point, c) Emeriau Point, d) Cape 
Bossut, e) Cape Preston and f) Locker Point in 2002. 
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The interaction between location and period for the number of species is explained by the fact 
that the mean values for this variable were greater in the wet than dry periods at four locations 
and greater in the dry than wet periods at the other locations (Fig. 3.3.16a). The densities and 
biomass of fish in neither shallow nor deep waters were consistently greater in either the dry 
or wet period across all locations (Fig. 3.3.16b,c,d,e). 

The mean densities of S. leptolepis, P. obtusirostris and S. undosquamis differed significantly 
among locations and, in the case of the first and third species, also between periods (Table 
3.3.22). There were two-way and/or three-way interactions between the main effects for each 
species.  

The interaction between location and period for S. leptolepis is explained by the fact that, 
while this species was caught at all or most locations during the wet period, it was only caught 
at the two most northern locations, Cape Voltaire and Hall Point, during the dry period (Fig. 
3.3.17a,b). Furthermore, the fact that the trends exhibited by the mean densities of 
S. leptolepis in shallow and deep water across all locations were not entirely consistent 
explains the interaction between location and depth.  The interaction between location and 
depth for the densities of S. undosquamis is explained, in part, by the fact that, at Emeriau 
Point, the densities of this species in the dry and wet periods were relatively high in shallow 
water but relatively low in deep water (Fig. 3.3.17c,d). In the case of P. obtusirostris, the 
interaction between location and depth is explained by the densities being greater in shallow 
than deep waters at three of the locations, whereas the reverse pertained at the other two 
locations (Fig. 3.3.17e).  

Following ordination of the densities of species in shallow and deep waters at the seven 
locations during the day, the samples from Cape Voltaire and Hall Point formed a very 
discrete group at the top of the plot, whereas those from the other five locations lay at the 
bottom of the plot (Fig. 3.3.18a). One-way ANOSIM showed that the species compositions of 
the fish faunas over soft substrates were significantly influenced by both location (P<0.001) 
and water depth (P<0.05), with the R-statistic being far greater for location (0.616) than for 
depth (0.047). The main typifying species in shallow and deep waters at each location are 
shown in Table 3.3.23.  

Since one-way ANOSIM demonstrated that location had the greatest influence on the species 
compositions of the samples, the effect of location was further examined for each depth 
separately. On the ordination plot for shallow water, the samples for Hall Point formed a tight 
and discrete group between those for Cape Voltaire at the top of the plot, while those for Cape 
Keraudren and Cape Preston formed a group above those for Locker Point and Cape Bossut 
and most of those for Emeriau Point in the bottom of the plot (Fig. 3.3.18b). One-way 
ANOSIM demonstrated that the species compositions in shallow water differed significantly 
among locations (P<0.001; R-statistic = 0.767). Pair-wise ANOSIM tests showed that the 
composition of the samples from each location were significantly different from that at each
ther location, with R-statistic values ranging from 0.241 for Cape Keraudren vs Cape Preston 
 1.000 for both Cape Voltaire and Hall Point vs Cape Bossut. The species compositions that 

istinguished between the faunas in shallow water at each location are shown in Table 3.3.24. 

s
t

 
o
to
d
As an example, the fauna at Cape Voltaire was distinguished from that at each of the locations 
south of Hall Point by relatively greater densities of Leiognathus leuciscu  and L. splendens, 
whereas he fauna at Locker Point was distinguished from those of all other locations by 
relatively greater densities of L. genivittatus and P. obtusirostris (Table 3.3.24). 
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Mean densities   95% CIs in the dry (   ) and wet periods (   )  for Selaroides 
leptolepis in shallow (a) and deep waters (b) and Saurida undosquamis in 
shallow (c) and deep waters (d) and Pristotis obtusirostris in (e) the dry and wet 
periods in shallow (   ) and deep waters (   ). Derived from data obtained by 
trawling over soft substrates during the day in shallow and deep waters at 
seven locations in north-western Australia in the dry period of 2001 and in the wet 
period of 2002.

Fig. 3.3.17. +
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Fig. 3.3.18. Nonmetric multidimensional scaling ordinations of the densities of the various 
fish species caught by trawling over soft substrates in a) shallow ( x =12 m) and deep ( x =22 
m) water and b) shallow and c) deep waters separately at seven locations during the day in 
north-western Australia in 2001 and 2002. 
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Table 3.3.24   Species shown by SIMPER that distinguish the fish communities over soft 
substra ater at seven locations in north-western Australia during the day in 
2001 and 2002. The spec elativel  greater contribution a  
top of each column. 

 Emeriau 
  Point 

Cape 
Bossut 

Cape
  Kerau

Cape 
ton 

Locker 
Point 

tes in shallow w
ies shown make a r y t the location at the

Cape 
Voltaire 

Hall 
   Point     

 
dren  Pres

Cape 
Voltaire 

 

is 

stotis 
   obtusirostris 
Callionymus 
   goodladii 

ragulichthys 
aculiferus 

Pristotis 
   obtusirostris 
Torquigener 
   pallimaculatus 

Upeneus 
   assymetr
Selaroides
   leptolepis 
Saurida 
   undosqua
Torquigene
   pallimac

 
us 

   nebulosa 
Torquigener 

allimaculatus 

Lethrinus 
   genivittatus 
Pristotis 
   obtusirostris 
Choerodon 
   cephalotes 

Caranx 
   bucculentus 
Selaroides 
   leptolep
Ulua 

s 
T
   j   auroch

Carangoides 
   humerosus 

Pri
icus 

Le
   ge

 
nivittat

Parapercis 

thrinus

mis 
r 

   p

ulatus 

Hall 
Point 

Leiog us   
   spl dens 
Cara oides 

ricu

Pristotis 
obtusirostris 
ramonacanthus 

   choi
Sauri
   und

Pristotis 
   obtusirostris 
Torquigener 

limaculatu
a 

osquamis

Upeneus 
   assymetri us 
Selaroides

epis

   undosqua
 

   fuscescens 
Paramonacanthus 

irocephalus
eus 

ricus 
is 

 

ndosquamis 
us 

us 
ner 

aculatus

Lethrinus 
   genivittatus 
Pristotis 

rostris 
 

 

nath
en

   

ng
   malaba
 

s 

   
Pa

rocephalus 
da 

   pal
Saurid

osquamis    und
  

s 

 

c
 

   leptol
Saurida 

 

mis    assymet
aperc

Siganus 

   cho
Upen

    obtusi
Siganus

Par
   nebulosa
Saurida 
   u
Nemipter

s   furco
Torquige
   pallim  

   fuscescens 
Choerodon 

es   cephalot

Emeriau 
Point 

iognathus 
   leuciscus 

iognathus 
splendens 
rapon 
theraps 
urida 
tumbil 
erres 
filamentosus

   leuciscus 

 Torquigene
   pallimacul tu

aetodontoplu
uboulayi 

 

Upeneus 
   assymetr
Selaroides
   leptolepis
Leiognathu
   leuciscus 
Torquigene
   pallimac s 
Pseudorho  
   arsius 
 

 

h  
   choirocephalu
 

Lethrinus 
   genivittatus 
Siganus 
   fuscescens 
Pristotis 
   obtusirostris 
Choerodon 
   cephalotes 

Le

Le
   
Te
   
Sa
   
G
       tumbil 
 

Terapon 
   theraps 
Caranx 
   bucculentus 
Leiognathus 

Carangoides 
   humerosus 
Saurida 

Ulua 
   aurochs 
Pseudorhombus 
   arsius 

r 
a s 

Ch
   d

s 
icus    fuscescens 

Paramonacant 
 
s 

r 
ulatu
mbus

Siganus

us
s 

Cape 
Bossut 

Leiognathus 
   leuciscus 
Leiognathus 
   splendens 
Terapon 
   theraps 
Saurida 
   tumbil 
Gerres 
   filamentosus 
Caranx 
   bucculentus 

Terapon 
   theraps 
Caranx 
   bucculentus 
Leiognathus 
   leuciscus 
Selaroides 
   leptolepis 
Carangoides 
   humerosus 
Saurida 
   tumbil 
Ulua 
   aurochs 
Pseudorhombus 
   arsius 

Pristotis 
   obtusirostris 
Paramonacanthus 
   choirocephalus 
Saurida 
   undosquamis 
Callionymus 
   goodladii 
Pentapodus 
   vitta 

 Upeneus 
   assymetricus 
Selaroides 
   leptolepis 
Leiognathus 
   leuciscus 
Paramonacanthus 
   choirocephalus 
Pseudorhombus 
   arsius 
Saurida 
   undosquamis 

Siganus 
   fuscescens 
Upeneus 
   assymetricus 
Paramonacanthus 
   choirocephalus 
Priacanthus 
   tayenus 
Parapercis 
   nebulosa 
Nemipterus 
   furcosus 
Pseudorhombus 
   arsius 

Lethrinus 
   genivittatus 
Siganus 
   fuscescens 
Paramonacanthus 
   choirocephalus 
Upeneus 
   assymetricus 
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Table 3.3.24 continued. 

 Cape 
Voltaire 

Hall 
Point 

Emeriau 
Point 

Cape 
 Bossut 

Cape 
 Keraudren 

Cape 
 Preston 

Lock
Poin

er 
t 

Cape 
Keraudren 

Leiognathus 
   leuciscus 
Leiognathus 

Terapon 
   theraps 
Caranx 

Paramonacanthus 
   choirocephalus 
Pristotis 

  Paramonacanthus 
   choirocephalus 
Siganus 

Lethrinus
   genivitt

   splendens 

urida 
mbil

lame

   bucculentus 
angoides 

   aurochs 

   obtusirostris 
Callionymus 
   goodladii 
 

   fuscescens 
Engyprosopon 
   grandisquama 
Priacanthus 
   taye
Nem
   furcosus 

 
atus 

Pristotis 
   obtusirostris 
 Terapon 

   theraps 
Car
   

Sa
   tu
Gerres 

 

   fi ntosus 

humerosus 
Ulua 

nus 
ipterus 

Cape 
Preston 

iognath
eucis
iogna
plend
rapon 
herap

Saurida 
   tumbil
Carang
   malab
Gerres 
   filame

s 

us 

erosus 

Tragulichthys 
   jaculiferus 
Pristotis 
   obtusirostris 

Pristotis 
   obtusirostr
Chaetodonto us 
   duboulayi 
 

S
 
L
 
E
 
L s 
 

ethrinus 
   genivittatus 
Pristotis 
   obtusirostris 
Choerodon 
   cephalotes 

Le us 
cus 

Caranx 
   bucculentu   l

Le thus Terapon 
ps    s ens    thera

Te
   t s 

Leiognath
   leucisc

    hum
oides Saurida 
aricus    tumbil 

Ulua 
ntosus    aurochs 

us 
Carangoides 

is 
pl

elaroides 
  leptolepis 

 L

eiognathus 
  leuciscus 
ngyprosopon 

  grandisquama 
agocephalu

  scleratus 

Locker 
Point 

Leiogna
   leucis
Leiogna
   splend s 

n 
rap

Saurida 
   tumbil
Carang
   malab
Gerres 
   filame

s 
n 

   theraps 
ognathus 

s 
 

oides 
osus 

 
 

hs 

Paramonacanthus 
   choirocephalus 
Saurida 
   undosquamis 
Callionymus 

Chaetod plus 
   duboul i 
Pristotis
   obtusirostris 
 

Se
   leptolepis 
L iognathus 
   leuciscus 
P
 
C
 
U
   assymetricus 

Paramonacanthus 
   choirocephalus 
Selaroides 
   leptolepis 
Priac
   taye
Pseu
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Caranx 
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thus Terapo
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    leptolepis 
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aramonacanthus 
  choirocephalus 
hoerodon 

  cephalotes 
peneus 

anthus 
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dorhombus 
us 

   goodladii 
Tragulichthys 
   jaculiferus 
Pentapodus 
   vitta 

Ulua
   auroc
Pentaprion 
   longimanus 
 

 

 

 Page 165



FRDC Project 2000/132 

When ep water were ordinated, the samples from Cape Voltaire 
and Ha ed tight and discrete groups at the top of the plot, that were well 
separated from those at the more southern locatio led and formed a band 
along the bottom of the plot (F 3.18c). On w  ANOSIM demonstr that the species 
compo s  water differed significant o P < 0.001; R-statistic = 
0.771). Pair-wise owed that the composi ns of from each location were 
significantly d r location, with R-statistic values ranging from 
0.2 in the ase of Cap ssut  Cape Preston to 1.0 fo ape Voltaire and Hall Point vs 
Cape Pre ton compositions that distingui loc ions in deep water 
are shown in Table 3.3.25. As an example, the fauna at Cape Voltaire wa  distinguished from 
those at a  ot xce t Hall Point by r ativel ensitie  L. splendens and 
T. therap  w ep water at Emeriau P species composition was 
distinguished oc tions by a greate  contr haeto , 
Choerodo  vi  or Lu janus  3.3.25). 

On the s ra ordination plots, derived fro  densities of fish at each of the seven 
locations, the samples from shallow water formed a group that was located largely or entirely 
to the f  deep cept in a  from ltaire (Fig. 
3.3.19a-g). Furthermore, the samples from the wet and  forme r entirely 
discrete group s s d t pe ns in 
both shallow  a n w re sig ifferen e 
of Cap  Volta -st or water d h loca n Cape 
Voltaire rang m 0.547  Point to 0.948 at Hall Point (Table 3.3.26). 
Furthermore,  location, the species com ositio ry an s were 
significantly t, with R anging from 0.391 at and 
Emeriau Point to 0.969 at Cape able 3. .26).  

The species t uish be ween the com o tions a nd wet 
periods at Ca  at which locality the ompo not dif cantly, are 
shown n Tab he sp cies that disting h the fauna in the dry  periods in 
shallow and d  separ tely are shown r Hal pe Preston 
and Lo  tha  the hallow and deeper 
waters n bot te , at C ape Keraudren are 
shown  Tab

3.3.8 engt ist ibutions 
he length-frequency distributions for those twelve fish species that were taken in traps over 

reefs in shallow and deep waters and were the most important commercial and/or recreational 
species, are shown in Figs 3.3.20 to 3.3.23. In the case of seven of these species, the mean 
fork lengths of fish caught in deeper waters were significantly greater than those of fish 
collected from shallow waters. For those species which the Department of Fisheries W.A. lists 
a minimum legal length (MLL) for retention, a relatively small component of the catch lay 
below that length in the cases of L. laticaudis (Fig. 3.3.20b) and Lethrinus nebulosus (Fig. 
3.3.20c), whereas ca 80% of the catch lay below that length in the cases of L. hutchinsi (Fig. 
3.3.20a) and Lutjanus sebae (Fig. 3.3.21c), respectively. In the case of Plectropomus 
maculatus, there were similar numbers above and below that length (Fig. 3.3.22b). 
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Table 3.3.25 Species shown by SIMPER th  distinguish the fish communities over soft 
substrates in deep water at seven locations in north-western Australia during the day in 2001 
and 2002. The species shown make a relatively greater contribution at the location at the top 
of each column. 

 Cape 
Voltaire 

Hall 
Point 

Emeriau 
         Point 

Cape 
Bossut 

Cape 
  Keraudren 

Cape 
 Preston 

Locker 
Point 

at

Cape 
Voltaire 

 Johnius 
   borneensis 
Thryssa 
   setirostris 
Paraplagusia 
   longirostris 
Leiognathus 
   bindus 
Caranx 
  bucculentus 

Chaetodontoplus 
   duboulayi 
Choerodon 
   vitta 
Choerodon 
   cephalotes 
Pentapodus 
   porosus 

Selaroides 
   leptolepis 
Pentapodus 
   porosus 
Paramonacanthus 
   choirocephalus 

Pristotis 
   obtusirostris 
Selaroides 
   leptolepis 
Upeneus 
   assymetricus 
Paramonacanthus 
   choirocephalus 

Torquigener 
   pallimaculatus 
Pristotis 
   obtusirostris 
Paramonacanthus 
   choirocephalus 
Saurida 
   undosquamis 
Parapercis 
   nebulosa 
Trachinocephalus 
   myops 
Crossorhombus 
   kanekonis 

Engyprosopon 
   maldiviensis 
Nemipterus 
   furcosus 
Selaroides 
   leptolepis 
Saurida 
   undosquamis 
 

Hall 
Point 

Carangoides 
   malabaricus 
Leiognathus 
   splendens 
Leiognathus 
   equulus 
Upeneus 
   sulphureus 
Saurida 
   tumbil 
Saurida 
  undosquamis 

 Chaetodontoplus 
   duboulayi 
Choerodon 
   vitta 
Choerodon 
   cephalotes 
Pentapodus 
   porosus 
Lutjanus 
   vitta 
Coradion 
   chrysozonus 

Saurida 
   undosquamis 
Leiognathus 
   leuciscus 
Selaroides 
   leptolepis 
Paramonacanthus 
   choirocephalus 
Parapercis 
   nebulosa 

Pristotis 
   obtusirostris 
Selaroides 
   leptolepis 
Torquigener 
   pallimaculatus 
Upeneus 
   assymetricus 
Paramonacanthus 
   choirocephalus 
Saurida 
   undosquamis 
 

Saurida 
   undosquamis 
Pristotis 
   obtusirostris 
Paramonacanthus 
   choirocephalus 
Torquigener 
   pallimaculatus 
Parapercis 
   nebulosa 
 

Saurida 
   undosquamis 
Engyprosopon 
   maldiviensis 
Nemipterus 
   furcosus 
Engyprosopon 
   grandisquama 
Pristotis 
   obtusirostris 
 

Emeriau 
Point 

Leiognathus 
   splendens 
Terapon 
   theraps 
Carangoides 
   malabaricus 
Upeneus 
   sulphureus 
Saurida 
   tumbil 
Leiognathus 
   leuciscus 
Caranx 
   bucculentus 

Terapon 
   theraps 
Leiognathus 
   splendens 
Johnius 
   borneensis 
Leiognathus 
   bindus 
Thryssa 
   setirostris 
Paraplagusia 
   longirostris 
 

 Saurida 
   undosquamis 
Paramonacanthus 
   choirocephalus 
Pseudorhombus 
   argus 
Selaroides 
   leptolepis 
Torquigener 
   pallimaculatus 
 

Pristotis 
   obtusirostris 
Selaroides 
   leptolepis 
Torquigener 
   pallimaculatus 
Upeneus 
   assymetricus 
Paramonacanthus 
   choirocephalus 
Saurida 
   undosquamis 
Nemipterus 
   furcosus 

Saurida 
   undosquamis 
Torquigener 
   pallimaculatus 
Paramonacanthus 
   choirocephalus 
Pristotis 
   obtusirostris 
Trachinocephalus 
   myops 
Crossorhombus 
   kanekonis 

Saurida 
   undosquamis 
Engyprosopon 
   maldiviensis 
Pristotis 
   obtusirostris 
Canthigaster 
   rivulata 

Cape 
Bossut 

Leiognathus 
   splendens 
Terapon 
   theraps 
Carangoides 
   malabaricus 
Upeneus 
   sulphureus 
Leiognathus 
   equulus 
Saurida 
   tumbil 
Caranx 
   bucculentus 

Terapon 
   theraps 
Leiognathus 
   splendens 
Johnius 
   borneensis 
Leiognathus 
   bindus 
Thryssa 
   setirostris 
Paraplagusia 
   longirostris 

Chaetodontoplus 
   duboulayi 
Choerodon 
   vitta 
Choerodon 
   cephalotes 
Coradion 
   chrysozonus 

 Pristotis 
   obtusirostris 
Selaroides 
   leptolepis 
Torquigener 
   pallimaculatus 
Upeneus 
   assymetricus 
 

Paramonacanthus 
   choirocephalus 
Crossorhombus 
   kanekonis 
Torquigener 
   pallimaculatus 
Trachinocephalus 
   myops 
Pseudorhombus 
   argus 

Engyprosopon 
   maldiviensis 
Engyprosopon 
   grandisquama 
Pristotis 
   obtusirostris 
Canthigaster 
   rivulata 
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Table 3.3.25 continued. 

 Cape 
Voltaire 

Hall 
Point 

Emeriau 
Point 

Cape 
 Bossut 

Cape 
 Keraudren 

Cape 
 Preston 

Locker 
Point 

Cape 
Keraudren 

Leiognathus 
   splendens 
Terapon 
   theraps 
Carangoides 
   malabaricus 
Upeneus 
   sulphureus 
Saurida 
   tumbil 
Leiognathus 
   leuciscus 
Caranx 
   bucculentus 

Terapon 
   theraps 
Leiognathus 
   splendens 
Johnius 
   borneensis 
Leiognathus 
   bindus 
Thryssa 
   setirostris 
Paraplagusia 
   longirostris 

Choerodon 
   vitta 
Lutjanus 
   vitta 
Chaetodontoplus 
   duboulayi 
 

  Saurida 
   undosquamis 
Parapercis 
   nebulosa 
Crossorhombus 
   kanekonis 
Trachinocephalus 
   myops 
 

Engyprosopon 
   maldiviensis 
Nemipterus 
   furcosus 
 

Cape 
Preston 

Leiognathus 
   splendens 
Terapon 
   theraps 
Carangoides 
   malabaricus 
Upeneus 
   sulphureus 
Saurida 
   tumbil 
Leiognathus 
   equulus 
Leiognathus 
   leuciscus 
Caranx 
   bucculentus 

Terapon 
   theraps 
Leiognathus 
   splendens 
Johnius 
   borneensis 
Leiognathus 
   bindus 
Thryssa 
   setirostris 
Paraplagusia 
   longirostris 

Chaetodontoplus 
   duboulayi 
Choerodon 
   vitta 
Choerodon 
   cephalotes 
Pentapodus 
   porosus 
Coradion 
   chrysozonus 

Selaroides 
   leptolepis 
Pentapodus 
   porosus 
Upeneus 
   assymetricus 

Pristotis 
   obtusirostris 
Selaroides 
   leptolepis 
Torquigener 
   pallimaculatus 
Upeneus 
   assymetricus 
 

 Engyprosopon 
   maldiviensis 
Nemipterus 
   furcosus 
Selaroides 
   leptolepis 
Crossorhombus 
   kanekonis 

Locker 
Point 

Leiognathus 
   splendens 
Terapon 
   theraps 
Carangoides 
   malabaricus 
Upeneus 
   sulphureus 
Saurida 
   tumbil 
Leiognathus 
   equulus 
Leiognathus 
   leuciscus 
Caranx 
   bucculentus 

Terapon 
   theraps 
Leiognathus 
   splendens 
Johnius 
   borneensis 
Leiognathus 
   bindus 
Thryssa 
   setirostris 
Paraplagusia 
   longirostris 

Chaetodontoplus 
   duboulayi 
Choerodon 
   vitta 
Choerodon 
   cephalotes 
Pentapodus 
   porosus 
Coradion 
   chrysozonus 

Selaroides 
   leptolepis 
Pentapodus 
   porosus 
 

Pristotis 
   obtusirostris 
Selaroides 
   leptolepis 
Torquigener 
   pallimaculatus 
Upeneus 
   assymetricus 
 

Pristotis 
   obtusirostris 
Paramonacanthus 
   choirocephalus 
Torquigener 
   pallimaculatus 
Parapercis 
   nebulosa 
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Fig. 3.3.19. Nonmetric multidimensional scaling ordinations of the densities of the 
variousfish species caught by trawling over soft substrates in shallow ( x =12 m) and deep 
waters ( x =22 m) during the day at a) Cape Voltaire, b) Hall Point, c) Emeriau Point, d) Cape 
Bossut, e) Cape Keraudren, f) Cape Preston and g) Locker Point in the dry period of 2001 and 
wet period of 2002. 
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Table 3.3.26 Significance values (p%) and R-statistics (R) detected by two-way crossed 
ANOSIM between the compositions of the ichthyofauna over soft substrates in each water 
depth, i.e. shallow and deep and in each period, i.e. dry and wet, at each of the seven locations 
during the day in 2001 and 2002. Significant results are highlighted in bold type. 

 
   Cape Voltaire 

 p %   R 
Depth 14.7 0.161 
Period 1.0 0.391 
   

 

   Hall Point 
 p %   R 
Depth 0.1 0.948 
Period 0.2 0.833 
   

 

   Emeriau Point 
 p %   R 
Depth 0.2 0.750 
Period 3.5 0.391 
   

 

   Cape Bossut 
 p %   R 
Depth 0.1 0.724 
Period 0.3 0.870 
   

 

   Cape Keraudren 
 p %   R 
Depth 0.6 0.593 
Period 0.2 0.741 
   

 

   Cape Preston 
 p %   R 
Depth 0.3 0.984 
Period 0.4 0.969 
   

 

   Locker Point 
 p %   R 
Depth 0.3 0.547 
Period 0.4 0.458 
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Table 3.3.27    Species shown by SIMPER analysis as typifying the fish communities in each 
period (diagonal cells, i.e. dry vs dry, wet vs wet) and distinguishing between each of those 
periods (vertical cells) over soft substrates in shallow and deep waters at Cape Voltaire during 
the day in 2001 and 2002.  * indicates that a species is most abundant in the period marked *, 
i.e. wet period. 

 
 

 Dry Wet 
Dry 

 
 
 
 
 

Leiognathus 
   leuciscus 
Carangoides 
   malabaricus 
Saurida 
   tumbil 

 
 
 
 
 
 
 
 
 

Terapon 
   theraps 
Leiognathus 
   splendens 
Leiognathus 
   equulus 
Gerres 
   filamentosus 
 

 
 
 

Wet* 
 

Leiognathus 
   equulus 

Leiognathus 
   splendens 

 
    malabar
 
 
 
 
 
 
 
 
 
 

Gerres 
   filamentosus 
Carangoides 
   humerosus 
Upeneus 
   sulphureus* 
Secutor 
   insidiator* 
Leiognathus 
   bindus* 

Upeneus 
   sulphureus 
Saurida 
   tumbil 
 
 
 
 
 
 

Carangoides 
icus 

Terapon 
   theraps 
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Table 3.3.28  Species shown by SIMPER analysis as typifying the fish communities in each 
depth (diagonal cells, i.e. Shallow vs Shallow, Deep vs Deep) and distinguishing between 
each of those depths (vertical cells) over soft substrates at a) Hall Point b) Emeriau Point c) 
Cape Preston and d) Locker Point during the day in 2001 (dry period) and 2002 (wet period). 
* Indicates that a species is most abundant in the depth marked *, i.e. deep waters. 

 
a) Hall Point 

            Dry period               Wet  period 
 Shallow Deep   Shallow Deep 

Shallow 
 
 
 

Caranx 
   bucculentus 
Terapon 
   theraps 

 
 

Shallow 
 
 
 

Terapon 
   theraps 
Leiognathus 
   leuciscus 

 
 
  

 
 
 
 
 
 

Carangoides 
   humerosus 
Selaroides 
   leptolepis 
Saurida 
   tumbil 
 

 
 
 
 
 

 
 
 
 
 
 
 
 

Upeneus 
   sulphureus 
Caranx 
   bucculentus 
 
 
 

 
 
 
 
 

Deep* 
 
 
 

Caranx 
   bucculentus 

Terapon 
   theraps 

Deep* 
 

Leiognathus 
   leuciscus 

Terapon 
   theraps 

 
 
 
 
 
 
 
 

Selaroides 
   leptolepis 
Leiognathus 
   splendens 
Johnius 
   borneensis* 
Terapon 
   theraps* 

Leiognathus 
   bindus 
Leiognathus 
   leuciscus 
Leiognathus 
   splendens 
 
 

 

 
 
 
 
 
 
 
 

Selaroides 
   leptolepis 
Leiognathus 
   splendens* 
Apogon 
   poecilopterus* 
 
 

Caranx 
   bucculentus 
Upeneus 
   sulphureus 
 
 
 
 

Carangoides 
   humerosus 

Johnius 
   borneensis 

 
 

Upeneus 
   sulphureus 

Apogon 
   poecilopterus 

 
    b) Emeriau Point 

             Dry period               Wet  period 
 Shallow Deep   Shallow Deep 

Shallow 
 
 
 

Saurida 
   undosquamis 
Pristotis 
   obtusirostris  

  

Shallow 
 
 
 

Paramonacanthus 
   choirocephalus 
Saurida 
   undosqua  

 Tragulichthys  
mis 

  

 
 

   jaculiferus 
 

 
 

 
 

Deep* Pristo
 
 
 
 
 
 
 
 
 
 
 

   obtusirostris 
Saurida 
   undosquamis 
Chaetodontoplus 
   duboulayi* 
Choerodon 
   vitta* 
Choerodon 
   cephalotes* 
Coradion 
   chrysozonus* 

   duboulayi 
Choerodon 
   vitta 
Choerodon 
   cephalotes 
Pentapodus 
   porosus 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 

   choirocephalus 
Saurida 
   undosquamis 
Selaroides 
   leptolepis 
Lutjanus 
   vitta* 
Choerodon 
   vitta* 
Chaetodontoplus 
   duboulayi* 

   cephalotes 
Chaetodontoplus 
   duboulayi 
Pentapodus 
   porosus 
Choerodon 
   vitta 
Coradion 
   chrysozonus 
 
 

tis Chaetodontoplus Deep* Paramonacanthus Choerodon 
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Table 3.3.28  continued. 
c) Cape Preston 

                Dry period              Wet period 
 Shallow Deep   Shallow Deep 

Shallow 
 
 
 
 

Paramonacanthus 
   choirocephalus 
Saurida 
   undosquamis 
Engyprosopon 

 
 
 

Shallow 
 
 
 
 

Selaroides 
   leptolepis 
Upeneus 
   asymmetricus 
Saurida 

 
 
 

    grandisquama      undosquamis  
  

 
 
 
 

Siganus 
   fuscescens 
Parapercis 
   nebulosa 
Priacanthus 

 
 
 
 
 

 
 
 
 
 
 

Lagocephalus 
   scleratus 
Sillago 
   burrus 
Parapercis 

 
 
 
 
  

 
 

 

   tayenus 
Pseudocalliurichthys 
   goodladi 
 

 
 

 
 

 
 

   nebulosa 
Pseudorhombus 
   arsius 
 

 
 

Deep* 
 
 
 
 
 
 
 

Paramonacanthus 
   choirocephalus 
Priacanthus 
   tayenus 
Siganus 
   fuscescens 
Engyprosopon 
   grandisq

Paramonacanthus 
   choirocephalus 
Saurida 
   undosquamis 
Parapercis 
   nebulosa 
Torquigener 

Deep* 
 
 
 
 
 
 

Selaroides 
   leptolepis 
Upeneus 
   asymmetricus 
Siganus 
   fuscescens 
Sillago 

Saurida 
   undosquamis 
Torquigener 
   
pallimaculatus 
Pristotis 
   obtusirostris 
Parapercis 

 
 
 
 
 
 
 
 
 

Pristotis 
   obtusirostris* 
Crossorhombus 
   kanekonis* 
 
 
 
 
 

Trachinocephalus 
   myops 
Xyrichtys 
   jacksonensis 
Engyprosopon 
   grandisquama 
Crossorhombus 
   kanekonis 
Pristotis 

  
 
 
 
 
 
 
 
 

Lagocephalus 
   scleratus 
Saurida 
   undosquamis* 
Pristotis 
   obtusirostris* 
 
 
 

 
 
 
 
 
 
 
 

 

uama 

 

   pallimaculatus 

   obtusirostris 

 

 

   burrus 

 

   nebulosa 
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Table 3.3.28  continued. 

 Wet  period 
d) Locker Point 

 Dry period  
 Shallow Deep   Shallow Deep 

Shallow 
 

Paramon
   choiro

 
 
 
 
 
 
 
 
 

Choerodon 
   cephalotes 
Upeneus 
   asymmetricus 
Pristotis 
   obtusirostris 
Parapercis 
   nebulosa 
Torquigener 

 
 
 

 

 
 
 
 
 
 
 

Saurida 
   undosquamis 
Pristotis 
   obtusirostris 
Siganus 
   fuscescens 
Choerodon 
   cephalotes 

 
 
 
 
 
 
 

 

acanthus 
cephalus 

   pallimaculatus 

Shallow 
 

 
 
 

Lethrinus 
   genivittatus 

 
 

 

    

Deep* 
 
 

Lethrinus 
   genivittatus 
Paramonacanthus 

Engyprosopon 
   maldiviensis 
Saurida 

Deep* 
 
 

Lethrinus Saurida 

 
 
 
 
 
 
 
 
 
 
 
 
 

   choirocephalus 
Pristotis 
   obtusirostris 
Upeneus 
   asymmetricus 
Torquigener 
   pallimaculatus 
Choerodon 
   cephalotes 
Engyprosopon 
   maldiviensis* 
Saurida 
   undosquamis* 

   undosquamis 
Engyprosopon 
   grandisquama 
Trachinocephalus 
   myops 
Pseudorhombus 
   argus 
Paramonacanthus 
   choirocephalus 
Torquigener 
   pallimaculatus 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

   obtusirostris 
Siganus 
   fuscescens 
Nemipterus 
   furcosus* 
Selaroides 
   leptolepis* 
Parupeneus 
   chrysopleuron* 
 
 
 
 

   furcosus 
Selaroides 
   leptolepis 
Parupeneus 
   chrysopleuron 
Canthigaster 
   rivulata 
 
 
 
 
 

 
 
 
 
 
 

Engyprosopon 
   grandisquama* 
Pseudorhombus 
   argus* 
Trachinocephalus 
   myops* 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

   genivittatus 
Pristotis 

   undosquamis 
Nemipterus 
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Table 3.3.29  Species shown by SIMPER analysis as typifying the fish communities in each 
period (diagonal cells, i.e. dry vs dry, wet vs wet) and distinguishing between each of those 
periods (vertical cells) over soft substrates in shallow and deep waters separately at a) Cape 
Bossut and b) Cape Keraudren during the day in 2001 (dry period) and 2002 (wet period). * 
Indicates that a species is most abundant in the period marked *, i.e. wet period. 
 

a) Cape Bossut 
               Shallow                   Deep 
 Dry Wet   Dry Wet 

Dry 
 
 

Pristotis 
   
Saur

Dry Saurida 

    undosquamis 
 
 
 

 
 
 
 
 
 
 
 

Chaetodontoplus 
   duboulayi 
Torquigener 
   pallimaculatus 
Synodus 
   variegatus 
Paramonacanthus 
   choirocephalus 
Choerodon 
   cephalotes 
Pseudorhombus 

 
 
 
 
 

 

 
 
 

 
 
 
 
 
 
 
 

Pseudorhombus 
   argus 
Trachinocephalus 
   myops 
Paramonacanthus 
   choirocephalus 
Xyrichtys 
   jacksonensis 
Pseudorhombus 
   spinosus 
 

 
 

 
 

obtusirostris 
ida 

   spinosus 
 

 
 
 

 
 

   undosquamis 
Engyprosopon 
   grandisquama 

 
 

Wet* 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pristotis 
   obtusirostris 
Pseudorhombus 
   spinosus 
Choerodon 
   cephalotes 
Synodus 
   variegatus 
Paramonacanthus 
   choirocephalus 
Sillago 
   ingenua* 
Torquigener 
   pallimaculatus* 
Lagocephalus 
   scleratus* 

Pristotis 
   obtusirostris 
Torquigener 
   pallimaculatus 
Saurida 
   undosquamis 
Sillago 
   ingenua 
Chaetodontoplus 
   duboulayi 
 
 
 
 
 
 

 

Wet* 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lagocephalus 
   lunaris 
Choerodon 
   cephalotes 
Trachinocephalus 
   myops 
Selaroides 
   leptolepis* 
Torquigener 
   pallimaculatus* 
Saurida 
   undosquamis* 
Leiognathus 
   leuciscus* 
Ulua 
   aurochs* 

Saurida 
   undosquamis 
Torquigener 
   pallimaculatus 
Selaroides 
   leptolepis 
Parapercis 
   nebulosa 
Paramonacanthus 
   choirocephalus 
Pentapodus 
   porosus 
Pristotis 
   obtusirostris 
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    Table 3.3.29  continued. 
 b) Cape Keraudren 

               Shallow                   Deep 
 Dry Wet   Dry Wet 

Dry 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Saurida 
   undosquamis 
Cyclichthys 
   orbicularis 
Upeneus 
   asymmetricus 
Sillago 
   burrus 
Engyprosopon 
   grandisquama 
Pentapodus 
   vitta 
Sillago 
   lutea 
 

 
 
 
 
 
 
 
 
 
 
 

 

Dry 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pristotis 
   obtusirostris 
Upeneus 
   asymmetricus 
Saurida 
   undosquamis 
Pseudorhombus 
   argus 
Anampses 
   lennardi 
Choerodon 
   cephalotes 
 
 
 

 
 
 
 
 

Wet* 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cyclichthys 
   orbicularis 
Paramonacanthus 
   choirocephalus 
Engyprosopon 
   grandisquama 
Sillago 
   lutea 
Sillago 
   burrus 
Pentapodus 
   vitta 
Selaroides 
   leptolepis* 
Leiognathus 
   leuciscus* 
Lagocephalus 
   scleratus* 
Caranx 
   bucculentus* 
Carangoides 
   hedlandensis* 

Selaroides 
   leptolepis 
Saurida 
   undosquamis 
Upeneus 
   asymmetricus 
Leiognathus 
   leuciscus 
Lagocephalus 
   scleratus 
 
 
 
 
 
 
 
 
 
 
 
 

 

Wet* 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Choerodon 
   cephalotes 
Pseudorhombus 
   argus 
Pentapodus 
   vitta 
Selaroides 
   leptolepis* 
Pristotis 
   obtusirostris* 
Torquigener 
   pallimaculatus* 
Sillago 
   ingenua* 
Paramonacanthus 
   choirocephalus* 
Carangoides 
   fulvoguttatus* 
 
 
 
 

Selaroides 
   leptolepis 
Torquigener 
   pallimaculatus 
Pristotis 
   obtusirostris 
Saurida 
   undosquamis 
Paramonacanthus 
   choirocephalus 
Carangoides 
   fulvoguttatus 
Sillago 
   ingenua 
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3.4 Discussion 

ecies representing 194 

us and Lethrinus laticaudis, and which accounted for more than 65% of the catch 
 this habitat type, differed from the six most abundant species caught over soft substrates, 

i.e. Leiognathus splendens, Selaroides leptolepis, Pristotis obtusirostris, Terapon theraps, 
irocephalus, and which contributed nearly 

ined from this habitat type.  

sford, 1998; Rocha et al., 1998; Smith-Vaniz, 1999). Most of the abundant 
r the fact that 
974; St John, 

lly 

r from Cape Voltaire in 

les on the 
as a “faunal break” 

 other more southern 
locatio lia, the fact that, in deep water, relatively 
greater numbers of Lutjanus bitaeniatus and Lutjanus johnii distinguished the fish fauna at 
Cape V t, and that the same was true for 
the for re southern locations.  In contrast, 
relative  as Lethrinus hutchinsi distinguished the deep water 
faunas at most of the southern locations from those at the two most northern locations.  

The nu  fish over reefs were least at Cape 
Voltair . It is thus almost certainly relevant that the 

3.4.1 Comparisons of ichthyofaunas over reefs and soft substrates  
This study provides the first account of the characteristics of the fish faunas associated with 
reefs and soft substrates in water depths of 5 to 30 m along ca 3,000 km of coastline in north-
western Australia. The fish caught in these inshore waters of the Pilbara and Kimberley 
coasts, using two different sampling methods, comprised 352 fish sp
genera and 82 families. The number of fish species and families recorded over soft substrates 
(279 species and 74 families) were more than twice those recorded over reefs (132 species 
and 36 families).  

The species composition of the fish fauna caught by trapping over reefs differed markedly 
from that collected by trawling over soft substrates in each water depth at each location. This 
very pronounced difference in species composition between habitat types is illustrated by the 
fact that the three most abundant species over reefs, i.e. Lethrinus hutchinsi, Lutjanus 
carponotat
in

Saurida undosquamis and Paramonacanthus cho
half of the catch of fish obta

The most speciose families over reefs were the Serranidae, Lutjanidae and Lethrinidae, 
thereby largely paralleling the situation with reefs in tropical and sub-tropical waters 
elsewhere (e.g. Heemstra & Randall, 1993; Newman et al., 1997; Rooker et al., 1997; 
Connell & King
fish species collected over reefs in this study were carnivores, which accounts fo
these species were attracted to the pilchards used as bait in the traps (Hobson, 1
2001; Nakamura et al., 2003). In contrast, the most speciose families over soft substrates were 
the Carangidae, Bothidae, Tetraodontidae, Mullidae and Leiognathidae, which are typica
associated with soft substrates in tropical and sub-tropical waters elsewhere (e.g. Blaber et al., 
1990, 1995; Watson et al., 1990). Many of the species in these families feed on benthic 
macroinvertebrates and cryptic benthic fish species (Jayabalan & Ramamoorthi, 1985; 
Rajaguru et al., 1987; Brewer et al., 1994; McCormick, 1995; Potter et al, 1988; Platell & 
Potter, 2001). 

3.4.2 Latitudinal comparisons of species composition  
The use of multidimensional scaling ordination emphasizes that the species compositions of 
the fish faunas over reefs changed in an essentially progressive manne
the Kimberley southwards to Cape Preston and Locker Point in the Pilbara. This progressive 
change with latitude is hardly surprising in view of the vast distance of ca 1800 km that 
separated these most northerly and southern sampling locations and that these locations 
differed in latitude by as much as ca 8 degrees. The distribution of the samp
ordination plots also indicated that, at least in deeper water, there w
between Cape Voltaire and Hall Point in the north and all of the

ns. This difference is exemplified by, inter a

oltaire from those at each location south of Hall Poin
mer species at Hall Point versus all of those mo
ly greater numbers of species such

mber of fish species and relative abundance of
e and were also relatively low at Hall Point
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very la g the region of the coastline where the 
two mo ds to the suspension of large amounts of sediment 
in the water column (Hutchins, 1997) and thus a reduction in the substrate available to coral 

re, 
Hutchins (1995) suggests that the majority of the fish species found in the waters of the 
souther iving in turbid water. 

The nu w and deep waters over 
reefs w ossut than at all other locations. It may thus be 
relevan s patches of reefs and thus a large area 
for colo f habitat. Furthermore, heavy predation 
by larg  the waters over adjacent soft substrates 
could a ish found in these waters.  

The co er soft substrates were also influenced markedly by 
latitude n between the fish faunas at Cape 
Voltair south were even more pronounced than was 

e case over reefs. This difference in faunal composition is emphasized by, for example, the 
fact that the leiognathids Leiognathus splendens and Secutor insidiator were relatively 

 
he monacanthid Paramonacanthus 

also had a marked influence on the species composition of the fish faunas over 
o been found to be the case in areas such as the Gulf of Carpentaria 

abu
leu r water, whereas the reverse pertained 

d
loc

The
tha y implies that the fish that enter traps show a greater tendency to feed 

uring the day than at night. In the context of densities, it is relevant that the lethrinid 

 

rge tides and the presence of large rivers alon
re northern locations are situated lea

propagules and a reduction in the amount of light for algae (Walker, 1995). Furthermo

n Kimberley region are particularly well adapted to l

mber of fish species and abundance of fish in both the shallo
ere both found to be greater at Cape B
t that Cape Bossut is characterised by numerou
nisation by fish species that occupy this type o

yinge numbers of reef species on the fish occup
 of fccount for the relatively low densities

mpositions of the fish faunas ov
 and, in the case of this habitat type, the distinctio
e and Hall Point and those further to the 

th

abundant at Cape Voltaire and Hall Point, but were not caught at the more southern locations.
In contrast, the pomacentrid Pristotis obtusirostris, t
choirocephalus and the lethrinid Lethrinus genivittatus, which were relatively abundant at the 
southern locations, were never caught at Cape Voltaire and Hall Point. 

3.4.3 Comparisons between water depths  
The greater number of species and greater catch rates of fish over reefs in deep waters than 
shallow waters along the Pilbara and Kimberley coasts parallel the situation found with reefs 
in some other regions (e.g. Roberts & Ormond, 1987; Rooker et al., 1997; Kulbicki et al., 
2000; Newman & Williams, 2001).  These differences were paralleled by pronounced 
differences in the species compositions in shallow and deeper waters at each location and 
particularly at Hall Point and Locker Point. In reefs at the latter location, the fish faunas in 
shallow water were distinguished from those in deeper waters by relatively greater numbers of 
Lethrinus laticaudis and Epinephelus coioides and relatively lower numbers of Lethrinus 
genivittatus and Lethrinus nebulosus.  

Water depth 
soft substrates, as has als
(Rainer & Munro, 1982; Rainer, 1984). Thus, at locations where particular species were 

ndant, the densities of species such as Paramonacanthus choirocephalus and Leiognathus 
ciscus tended to be greater in shallow than deepe

with Upeneus assymetricus. However, several species, e.g. Pristotis obtusirostris and Saurida 
un osquamis, were present in greater densities in shallow than deep waters in one or more 

ations and to exhibit the opposite trend at other locations. 

3.4.4 Diel and period comparisons  
 numbers of species and catch rates of fish over reefs were both greater during the day 

n night, which clearl
d
Lethrinus laticaudis, which was the third most abundant species, was far more numerous in 
trap catches obtained during the day than night. The same situation pertained with the
serranids Epinephelus coioides and Epinephelus bilobatus, the balistid Abalistes stellaris and 
another lethrinid, Lethrinus nebulosus.  Newman & Williams (1995) report that, in their study 
on fish caught using traps on the Great Barrier Reef, Lethrinus ravus and A. stellaris were 
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both caught in greater numbers in traps set during the day than at night and species of 
serranids also tend to feed mainly during daylight hours (Parrish, 1987). Although lethrinids 

ominated the trap catches during the day off the north-west coast of Australia (Whitelaw et 
l., 1991) L. laticaudis and L. nebulosus were the only lethrinid species in our study, to show 

t.   

umber of fish caught by the same 

atistic values for the ANOSIM test for day versus night were less than 
.36 in all but one case, which implies that the differences were not particularly pronounced.  

The fact that overall the number of fish species and abundance of fish over reefs were both 
an wet periods probably reflects either a tendency for fish, during the 

son. This coast of Australia, which is one of the most cyclone-
 in 

u
sam
hav eavy weather or extreme temperatures 

neg eworthy that, although R-statistic values 

fl
per
lay coast. 

3.4

our
obt d centred 

sur
tha
L. h at were caught during our trapping and trawling, which was conducted in 

t
ind

The
imp
spe n large numbers at each of our sampling locations, it was clearly well 

d
a
a conspicuous tendency to be caught in greater numbers during the day than nigh

In contrast to the situation with our trap catches, the n
method over reefs in the Great Barrier Reef was greater during the night than day (Newman & 
Williams, 1995). However, this may have reflected the shorter period of time that the traps 
were set during the day than night in that study, i.e. 6-9 h vs 10-14 h.  Although the 
compositions of the fish faunas over reefs did differ significantly between day and night at 
each location, the R-st
0

greater during the dry th
dry period, to be more dispersed and/or differences related to the reproductive movements of 
certain species. It has been suggested that seasonal variations in reef fish abundances can be 
related to movements of fish in response to physical stresses (Coles & Tarr, 1990) and to 
movements associated with reproduction (Johannes, 1978; Robertson, 1983), including those 
of certain serranid and lutjanid species (Shapiro, 1987; Beets & Friedlander, 1992; Sadovy, 
1996).  

The lower number of fish species and abundances of fish during the wet period may also 
reflect the extreme weather patterns that are experienced along the Kimberley and Pilbara 
coastlines during the wet sea
prone coasts anywhere in the world, experiences more cyclones than any other coast
Australia. Indeed, Cyclone Chris, one of the most severe cyclones ever experienced in 
A stralia crossed between Cape Bossut and Cape Preston three weeks prior to the wet season 

pling trip in 2002. The studies of Friedlander & Parrish (1998) and Syms & Jones (2000) 
e demonstrated that disturbances in the forms of h

can have a substantial influence on reef fish assemblages, e.g. number of species was 
atively correlated with wave height. It is thus not

for ANOSIM tests (Table 3.3.15) demonstrated that the extent to which period (dry vs wet) 
in uenced faunal composition over reefs at night varied greatly with location, the influence of 

iod was particularly pronounced only at Cape Bossut and Cape Preston, the locations that 
 to either side of the region where Cyclone Chris, crossed the 

.5 Comparisons between research catches and the commercial and recreational 
catches  

Lethrinus hutchinsi, which was the most abundant species overall in the catches obtained by 
 trapping over reefs, was the second ranked species by weight overall in the catches 
ained by the commercial trap and trawl fisheries that is based in the Pilbara an

around Dampier. Furthermore, this lethrinid ranked as high as nineteenth in terms of numbers 
amongst the numerous recreational species recorded in the Pilbara and West Kimberley creel 

vey (Chapter 1). Since no commercial trapping or trawling is permitted in water depths less 
n 30 m in the Pilbara, it is particularly relevant that over 80% of the individuals of 
utchinsi th

wa ers shallower then 30 m, were less than the MLL. Thus, large numbers of the smaller 
ividuals of this species are protected from capture by commercial fishers. 

 second most abundant species in our trap catches, Lutjanus carponotatus, was a very 
ortant species for recreational anglers and charter boat fishers (Chapter 1). Since this 
cies was caught i
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adapted to the range of environmental conditions found along the Pilbara and Kimberley 
coasts.   

udis, which ranked third in our trap catches and was abundant at all of our 
ns, is a major species in Zone 1 of the NDSF and ranked second in the 

cies, ranking sixteenth in the recreational 

glers in shallower waters. 

Lethrinus latica
sampling locatio
Pilbara and West Kimberley recreational catch (Chapter 1). Unlike L. hutchinsi, the majority 
of the individuals of this species in our catches lay above the MLL. The contrast between the 
large numbers of the adults of this species in our catches and the paucity of this species in the 
commercial catches, reflects the fact that this species is essentially confined to shallower 
waters. 

Our trap catches of Lutjanus johnii were abundant in and restricted to the two most northern 
locations, i.e. Cape Voltaire and Hall Point in the Kimberley. This is consistent with the 
commercial catches for this species being centred in Zone 1 of the NDSF, which is located in 
the Kimberley region, and ranked third in the charter boat fishery of that region (Chapter 1).  

The coral trout Plectropomus maculatus was caught at all of our sampling locations and is 
also caught by commercial fishers throughout the length of coastline over which we sampled 
(Chapter 3). It is considered an icon angling spe
catches obtained from the Pilbara and West Kimberley regions (Chapter 1).  Since the lengths 
of the individuals of this species in our catches lay to either side of the MLL, the legislation 
preventing commercial fishing in water depths less than 30 m is protecting substantial 
numbers of both the smaller and larger individuals of this species from capture by commercial 
fishers. Although this species is targeted by anglers in shallower waters, the individuals less 
than the MLL are more likely to survive release in these shallower waters than in deeper 
waters further offshore.  

The Moses snapper Lutjanus russelli is one of the few species that was numerous in our trap 
catches that was also abundant in nearshore waters and particularly in rock pools (Chapter 2). 
It is clear that the latter environment provides an important nursery area for this lutjanid. 
Lutjanus russelli is an important commercial and recreational fish species along the Pilbara 
and Kimberley coasts (Chapter 1). Although the restriction of commercial fishing to waters 
deeper than 30 m protects large numbers of the juveniles from capture by commercial fishers, 
L. russelli is targeted by recreational an
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4.0 Fish by-catch in the Exmouth Gulf Prawn Fishery 

Michael J. Travers, Stephen J. Newman and Ian C. Potter 

4.1  Introduction 
The Exmouth Gulf Prawn Managed Fishery (EGPMF) is the second largest prawn fishery in 
Western Australia, with the catch in 2001 weighing 670 t and having a value of $10 million 
(Kangas & Sporer, 2003). This large fishery, which has been based in Exmouth Gulf on the 
central-west coast of Australia since 1963, operates in four fishing areas (A, B, C, D) in this 
embayment (Fig. 4.1.1). The EGPMF is located adjacent to the Ningaloo Marine Park, in 
which recreational fishers catch over 100 t of fish each year and a substantial charter boat 
industry is located (Sumner et al., 2002).  

 
Figure 4.1.1  Map showing the location of the sites sampled in the prawn fishing areas A, B, 
C and D and the permanent nursery area N in Exmouth Gulf. 
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The EGPMF operates under management advice from the Exmouth Gulf Prawn Management 
ory Committee (EGPMAC), which determines gear controls. The committee also 
ines the period of the year wh

Advis
determ en each of the four fishing areas is open to fishing, which 

grow 
responsible for initiating closures within each month, which usually last for four nights 

time a the eastern side of the gulf is permanently closed to 

This f he western king prawn (Penaeus 

each 

of th

prawn
the w tzki et al. (2000) found that, in the NPF, the trawl 

prawn
juveni s, which have been 

impor
ascert  

The amount and/or composition of the by-catch taken by other Australian prawn trawl 
fisheries have been well documented. These include the fisheries in northern Australia 
(Pender et al., 1992; Stobutzki et al., 2000), Queensland (Dredge, 1989a; 1989b; Stobutzki et 

availa
fisher 02; Kangas & Sporer, 2003), there is a paucity of data 

The f
becam
the c  that it significantly reduces the fish by-catch, while 

The a FRDC project was to determine the relative abundances and 

Fish c and the 

samp
havin 4.5 fathoms and a 45 mm mesh codend that is 100 meshes 

overall extends for a period between the beginning of April and the end of November. The 
closure of these fishing areas at other times is aimed at allowing the prawns in each area to 

to their optimal marketable size (Fisheries W.A., 2002). The EGPMAC is also 

around the time of each full moon and are aimed at protecting the prawns that moult at that 
nd are thus soft-shelled. An area on 

fishing (Fig. 4.1.1) in order to conserve the seagrass and other sensitive habitats in that area, 
which are occupied by juvenile prawns (Fisheries W.A., 2002). 

ishery operates only during the night, at which time t
latisulcatus), brown tiger prawn (Penaeus esculentus), endeavour prawn (Metapenaeus spp.) 
and banana prawn (Penaeus merguiensis) are at their most active. Thirteen licensed boats, 

employing 4.5-fathom quad demersal otter trawl gear, fish in the Gulf throughout each 
“fishing season”.  

Prawn trawling is one of the least selective methods of fishing, and consequently the weight 
e by-catch of fish, cephalopods and other crustaceans can far outweigh that of the 

targeted prawns (e.g. Stobutzki et al., 2001). Indeed, it has been estimated that a third of all 
fisheries discards worldwide result from prawn trawling and that the northern Australian 

 trawl fishery (NPF) has the third highest discard ratio of by-catch to targeted species in 
orld (Alverson et al., 1994). Stobu

catch per unit effort for the trawl by-catches were as high as 145 kg h-1, whereas those of 
s were only 2.8 to 11.0 kg h-1. The by-catch taken by prawn trawl fisheries includes the 
les of many commercially and/or recreationally important fish specie

shown to suffer very heavy mortality prior to or just after being returned to the water (Hill & 
Wassenberg, 1990, 2000). Fisheries managers within Australia now acknowledge the 

tance of determining the amount and composition of fishery by-catch so that they can 
ain the potential impact of trawling on populations of non-target species. 

al., 2000) and south-eastern Australia (Gray et al., 1990; McShane et al., 1999). Although the 
ble data indicate that the total by-catch of the EGPMF is relatively low by tropical trawl 
ies standards (Fisheries WA, 20

on the composition of the fish by-catch taken by this fishery.  

leet trialled bycatch reduction devices (BRDs) during 2001 and 2002 and their use 
e mandatory in the 2003 season. These devices are modified Nordmøre-grids, in which 

odend has been modified so
maintaining the catch of prawns (Broadhurst & Kennelly, 1996; Broadhurst et al., 1996). 

im of this component of the 
size compositions of the commercial and/or recreational fish species that are taken as by-catch 
by the EGPMF. 

4.2 Material and methods 
ollected as by-catch by prawn trawlers operating at night in areas A, B and C 

nursery area N in Exmouth Gulf (see Fig. 4.1.1 for location of areas) were sampled 
opportunistically between March 2001 and June 2003 (see Table 4.2.1 for details of 

ling). Each boat deployed quad demersal otter trawl gear, with each of the four nets 
g a headrope length of 
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around. Each trawl lasted between 30 min and 3 h and was undertaken at a boat speed of ca 3-
h4 km e -1. Samples were obtained from 108 trawls, which were conducted from boats using th

by-catch reduction devices (BRDs) that became mandatory for this fishery in 2003.  
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The entire catch collected by each of the four nets during each trawl, and which mainly 
rised fish, sponges, prawns and other crustaceans, was emptied on to a sorting tray 
 the crew then selected all marketable prawns and placed

comp
where  the by-catch to the side.  All 

repea
proce equired was recorded. Four 10 L containers 

multi
of all 

fisher
each . This enabled the 

and/o

4.3 nd Discussion 

4.3.1 
Samp
2002 ), representing 22 

(Tabl  

0.17%
specie Australia.  

snapp

tailed
(Step In creel surveys of recreational fisheries, grass emperor and 

(Sum n ., in 

Rank

From the above data, it is concluded that no commercial and/or recreational fish species 
constituted a major component of the by-catch of the Exmouth Gulf Prawn Fishery between 
2001 and 2003.  

of the fish in the by-catch of each trawl were separated out. Ten-litre containers were then 
tedly filled with the fish by-catch until the entire catch had been subjected to this 
dure and the number of containers that this r

were then filled randomly with fish from the by-catch, and the numbers and weights of fish in 
each of these four containers were recorded and meaned. These mean values were then 

plied by the number of containers to provide an estimate of the total number and weight 
fish caught in each trawl. 

All of the individuals of each fish species, that contribute to commercial and/or recreational 
ies in Western Australia, were then separated from the entire fish catch obtained during 
trawl and counted and their fork lengths measured to the nearest 1 mm

percentage contribution made to the overall catch of trawled fish by each of those recreational 
r fish species to be calculated.  

Results a

Species composition of fish by-catch in the Exmouth Gulf Prawn Fishery 
ling of the fish by-catch from 108 trawls in the Exmouth Gulf prawn fishery in 2001, 
and 2003 yielded an estimated 396,725 fish, of which 2774 (0.64%

species, are fished by commercial and/or recreational finfish fisheries in Western Australia 
e 4.3.1). The most abundant of the commercial and/or recreational fish species collected

were threadfin emperor (Lethrinus genivittatus) and Australian threadfin (Polydactylus 
multiradiatus), with 1396 and 681 individuals, respectively, which represented 0.35 and 

, respectively, of the total number of fish caught (Table 4.3.1). Nether of these two 
s are of particular commercial or recreational importance in Western 

Saddle-tailed snapper (Lutjanus malabaricus), grass emperor (Lethrinus laticaudis), stripey 
er (Lutjanus carponotatus) and Moses snapper (Lutjanus russelli), with 347, 85 and 65 

individuals being caught, respectively, were the only other important commercial and/or 
recreational species to account for at least 0.01% of the total catch (Table 4.3.1). The saddle 

 snapper ranked sixth by weight in the Pilbara demersal finfish fisheries in 2001 
henson & King, 2003). 

stripey snapper ranked fourth and fourteenth in the Ningaloo Marine Park, respectively 
ner et al., 2002) and second and first in the Pilbara, respectively (Williamso et al

prep.). Other species of particular commercial and/or recreational importance, e.g. blue-
spotted emperor, tropical snapper, crimson snapper, golden trevally, red emperor and 

in’s cod, were caught only in low numbers.  
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Table 4.3.1   Fish species that were a by-catch of the Exmouth Gulf Prawn Fishery in 2001, 
and 2003 and are of commercial and/or recreational importance. Data are also provided 
e numbe

2002 
on th r of each species caught and its contribution to the total catch of all fish, the 
frequency of occurrence of each species in all trawls and the range and mean for the fork 
length of each species. * denotes species that are particularly important from a commercial 
and/or recreational perspective.  

   Contribution         (mm) 

 

 Frequency 
              Fork length  

Species Common name        n % % Range Mean
              
Leth
Poly 681    0.17 38.9 117-243 178.4

Lutj
Lutjanus 193.1
Epinephelus sexfasciatus Six-banded rockcod 31    0.01   5.6 108-226 165.6
Lethrinus hutchinsi Blue-spotted emperor* 19 <0.01   3.7 20-217 131.8
Scomberomorus 
queenslandicus 

Queensland school 
mackerel 18 <0.01   4.6 228-351 291.7

Lutj
Gnat
Scom

Carc
Epin 4 <0.01   2.8 130-226 162.5

Acan
Pagr
Leth ubrioperculatus Spotcheek emperor 1 <0.01   0.9 170 -

  

rinus genivittatus Threadfin emperor 1396    0.35 71.3 20-217 131.8
dactylus multiradiatus Günther’s threadfin 

Lutjanus malabaricus Saddle-tail snapper* 347    0.09 37.0 61-258 123.3
Lethrinus laticaudis Grass emperor* 85    0.02 29.6 114-322 217.5

anus carponotatus Stripey snapper* 65    0.02 16.7 133-234 184.3
 russelli Moses perch* 43    0.01   6.5 119-311 

Caranx bucculentus Blue-spotted trevally 16 <0.01   1.9 151-195 175.9
Lutjanus vitta Tropical snapper* 15 <0.01   6.5 111-219 165.8

anus erythropterus Crimson snapper* 14 <0.01   8.3 54-216 82.8
hanodon speciosus Golden trevally* 13 <0.01   4.6 81-164 126.2
beromorus 

semifasciatus Grey mackerel 8 <0.01   0.9 271-353 321.7
Lutjanus sebae Red emperor* 6 <0.01   5.6 61-126 98.2

harinus sp. Blacktip reef shark 4 <0.01   3.7 700-900 817.7
ephelus multinotatus Rankin’s cod* 

Rhynchobatus djidensis 
 

White-spotted 
shovelnose ray 3 <0.01   2.8 825-950 895.0

thopagrus latus Yellowfin bream* 2 <0.01   0.9 165-177 171.0
us auratus Pink snapper* 2 <0.01   0.9 136-145 140.5
rinus r

Protonibea diacanthus Black jewfish 1 <0.01   0.9 782 -
            

Total     2774 0.64  20-900 238.7

l of all fish     
39672

5         Tota
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4.3.2  

the pr
The l cy distributions of the six most abundant commercial and/or recreational 
fish species in the by-catch, including Lutjanus malabaricus, Lethrinus laticaudis and 
Lutjanus carponotatus, which are particularly important commercial and/or recreational fish 
species, are shown in Figs 4.3.1 and 4.3.2. These data demonstrate that the maximum fork 
lengths of. L. laticaudis, L. malabaricus and L. russelli were well below those recorded in 

and L ge  

Size composition of by-catch fish species in the Exmouth Gulf Prawn Fishery
The range and mean for the fork lengths of each fish species that was caught as by-catch by 

awn trawlers and is fished commercially and/or recreationally are shown in Table 4.3.1. 
ength-frequen

Carpenter & Allen (1989) and Allen (1985), and that those for L. genivittatus, P. multiradiatus 
. carponotatus, approached those recorded in these references. A large percenta

(87.2 %) of the catch of L. laticaudis, lay below the minimum legal length for that species. 
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Figure 4.3.1  Length-frequency histograms for a) Lethrinus genivittatus, b) Polydactylus 

adiatus and c) Lethrinus laticaudis obtained 
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Figure 4.3.2  Length-frequency histograms for a) Lutjanus malabaricus, b) Lutjanus 
carponotatus and c) Lutjanus russelli obtained in by-catch samples from the Exmouth Gulf 

 trawl fishery. prawn
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Benefits and adoption 
omes from this project will assist in the development of sustainable management 

lans for the inshore fishery resources of both the Pilbara and Kimberley region.  The 
eneficiaries of this information are primarily commercial and recreational fishers, related 
upport industries and natural resource managers in Western Australia.  The direct benefit to 

fishers will ultimately be the sustainability of the inshore fishery area. 

iary of this project are the environmental managers of the nearshore 
ent of north-western Australia.  This project has identified nursery habitats 

ommercial and recreational fishing significance.  This information provides a 
y the community on issues such as minimising the impacts of coastal 

and the protection of important mangrove-creek ecosystems.  In addition, it 
for the future protection of fish habitat areas including those critical nursery 

ies of commercial and recreational fishing significance across north-western 

Further Development 
The project has synthesised the available data from commercial, recreational and charter boat 
fisheries with baseline survey data throughout the region.  In order to build on the outcomes 
of this project we have identified a number of priority research areas for this nearshore zone.  
These include: 

1. Estimation of biological parameters of key species for fisheries management 

There is a need to obtain detailed information on crucial aspects of the biology of key target 
species in order to rationalise appropriate management plans for conserving these species. 

The collection of size and age at maturity data and other biological attributes for these key 
species such as longevity, growth and reproduction are all-important factors for underpinning 
legal minimum length and bag limit recommendations.  The provision of this information 
would provide strategically valuable data that is needed to underpin the current size and bag 
limit review process along the coast of north-western Australia. 

The recreational, commercial and aboriginal fisheries and the charter boat and “fishing safari” 
operations collectively generate seafood income, jobs and tourism that are of vital importance 
to the economies of the small and isolated communities of the region. 

Key species in order of priority for research purposes have been divided into two broad areas; 
(i) reef associated fishes; and (ii) open shore and/or mangrove-creek associated fishes.  It 
should be noted that there is some overlap among groups, and that species are listed in one 
group only, although they may have a juvenile or adult phase in another category. 

(i) Reef associated fishes in order of research priority (top ten only); 

� Stripey seaperch (Lutjanus carponotatus) 
� Blue-lined emperor (Lethrinus laticaudis) 
� Bar-cheeked coral trout (Plectropomus maculatus) 
� Golden snapper or fingermark (Lutjanus johnii) 
� Moses perch (Lutjanus russelli) 
� Chinaman fish (Symphorus nematophorus) 
� Spangled emperor (Lethrinus nebulosus) 
� Blue-spot emperor (Lethrinus hutchinsi) 

The outc
p
b
s

Another major benefic
marine environm
for species of c
basis for decisions b
developments 
provides a basis 
habitats of spec
Australia. 
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� Blackspot tuskfish (Choerodon shoenleinii) 
� Giant trevally (Caranx ignobilis) 

i) Open shore and mangrove-creek associated fishes in order of research priority (top ten 
only); 

� Giant threadfin salmon (Polydactylus macrochir) 
� Bluenose threadfin salmon (Eleutheronema tetradactylum) 
� Estuary cod (Epinephelus coioides) 
� Malabar grouper (Epinephelus malabaricus) 
� Mangrove jack (Lutjanus argentimaculatus) 
� Black jewfish (Protonibea diacanthus) 
� Tripletail (Lobotes surinamiensis) 
� Barramundi (Lates calcarifer) 
� Western yellowfin bream (Acanthopagrus latus) 
� Big-eye trevally (Caranx sexfasciatus) 

 

2.  Evaluation and assessment of recreational and aboriginal netting in the 
Pilbara/Kimberley bioregion of north-western Australia 

The Pilbara/Kimberley region of Western Australia has recently been re-opened to 
recreational haul netting.  The decision was made following discussions with aboriginal 
communities in the region, many of which were significantly disadvantaged by the ban, since 
haul netting was widely used as the primary method of catching food for themselves and their 
families.  In addition, haul netting is popular amongst the non-indigenous community in the 
region, both to provide a source of food and as a recreational pastime.  The reversal of the ban 
has once again fuelled conflict between the divergent user groups of the inshore fisheries 
resources in this region.  There is thus an urgent need to further explore the issues and impacts 
surrounding the netting for fish so that the integrated management of fisheries in the 
Pilbara/Kimberley will be successful. 

Since many aboriginal people in this region use haul nets as a means to catch their food and 
the 2003 Aboriginal Fishing Strategy recommends that aboriginal fishers be exempt from bag 
and size limits while fishing within aboriginal fishing zone 1 (La Grange Bay north to 
Wyndham); 

� There is a need to determine the composition, size range and quantity of fish caught to 
ensure, not only effective integrated management of the resource, but the sustainability of 
an important food resource for aboriginal people. 

� Evaluation of the selectivity of the mesh sizes used by each of the user groups and 
assessment of their impacts across sectors and their effectiveness in targeting specific 
species or species groups. 

� Assessment of the by-catch component of netting activities and its impact on biodiversity 
and conservation values within the region, particularly in relation to protected and/or 
vulnerable species. 

 

3.  Determination of the genetic stock structure of key species of commercial and recreational 
fishing significance throughout north-western Australia 

The assessment of genetic stock structure and the amount of gene flow and linkage among 
locations are important considerations both for the development of suitable management 
plans, the appropriate spatial scale for fisheries management and for assessments of the 

(i
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resource status of key species of recreational or commercial fishing significance.  This 
research area represents a significant gap in our current knowledge base. 

 

4.  Refinement of commercial and recreational data collection programs in the 
Pilbara/Kimberley bioregion of north-western Australia 

The development of suitable identification guides for both commercial and recreational 
fishers that will facilitate more detailed compilations of the recreational and commercial catch 
data and prevent the need for the amalgamation of data into similar species groups for 
reporting purposes.  This has a flow on benefit in proving more accurate data for stock 
assessment purposes. 
 

Planned Outcomes 
The principal outcome that this project has delivered is a major contribution towards our 
understanding of the spatial and temporal distribution and abundance of the nearshore fish 
fauna of north-western Australia and the level of exploitation of those species of commercial 
and recreational fishing significance.  The information provided by this work forms the basis 
for the ecologically sustainable development of the nearshore demersal fish resources of 
north-western Australia. 

A number of key outputs have specifically contributed to the principal outcome described 
above.  The key outputs are: 

� Knowledge of the level of the commercial, recreational and charter vessel catch. 

� A detailed knowledge of the species composition and relative abundance of the inshore 
demersal finfish resource from the shoreline outward to a depth of 30 metres along the 
inner-continental shelf in north-western Australia. 

� An understanding of the nursery areas of fish species of commercial and recreational 
significance in the Pilbara/Kimberley bioregion. 

� This work provides a detailed reference work for future marine planning in north-western 
Australia.  Moreover, this work provides a baseline for any future research programs 
along the inner-continental shelf in north-western Australia. 

� This project has clearly identified the key species of both commercial and recreational 
fishing significance in the nearshore sector for which we require a detailed biological 
understanding. 

� This project provides fishery managers with the information required to develop suitable 
management plans for the sustainable exploitation of the demersal fish resources shared 
by both recreational and commercial fishers in the Pilbara/Kimberley bioregion. 

� This project has collected baseline information on the fishery resources in some of the 
areas nominated as future marine reserve sites.  Thus, it is now possible to assess the 
likely impacts on commercial and recreational fishers should access to these areas become 
restricted. 

� Extensive collaboration and personal contact between research staff and commercial 
fishers, recreational fishers and related interest groups during the project has directly 
contributed to the success of the project.  These cross-sectoral relationships form the basis 
for effective future collaborations that are required to ensure effective project outcomes in 
any future work. 
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Conclusions 
The catches of the main fish species of commercial, recreational and charter boat fishers along 
the Pilbara and Kimberley coasts have been determined by analysing the Department of 
Fisheries (Western Australia) Catch and Effort Database System (CAES), the results of a 
recreational creel survey and the statutory monthly reports of catch and effort by charter boat 
operators.  The combined weight of finfish caught by nearshore and inshore commercial 
fisheries and as a by-product of the prawn trawl fisheries in 2002 was approximately 590 
tonnes.  The reported recreational fishing catch between Onslow and Broome in the 12-month 
period from 1999-2000 was estimated at approximately 320 tonnes of fish.  The 111 licensed 
charter boat operators undertook 3628 tours in 2002, during which they caught 53 tonnes of 
fish.  Thus, the total weight of fish caught in 2002 across all three fishing sectors is likely to 
have approached 1000 tonnes.  In addition, the species targeted by commercial, recreational 
and charter boat fishers overlap markedly and thus there is direct competition by these sectors 
for the shared inshore demersal fishery resources. 

Sampling by gill net, seine net and the ichthyocide rotenone in three separate locations (Cape 
Keraudren, Eighty Mile Beach and Port Smith) demonstrated that several fish species are 
abundant in the nearshore, shallow waters, including intertidal pools, along the Pilbara and 
Kimberley coasts.  Fifty three of the 170 species caught in these nearshore, shallow waters are 
fished commercially and recreationally and a further 17 species are fished solely by 
recreational fishers.  Species such as Polydactylus macrochir, Eleutheronema tetradactylum, 
Carcharinus cautus and Rhizoprionodon taylori complete their life cycles in nearshore 
shallow waters, i.e are residents.  Other species, such as Epinephelus coioides, Epinephelus 
malabaricus, Lutjanus russelli, Lutjanus argentimaculatus, Negaprion acutidens and Pristis 
zijsron, move offshore as they approach adulthood.  Some species are found predominantly 
over bare sand, e.g. P. macrochir, E. tetradactylum, P. zijsron and Sillago analis, while others 
occupy mainly mangroves, e.g. Lutjanus argentimaculatus, Liza macrolepis and C. cautus.  
Intertidal pools constitute a particularly important habitat for the juveniles of L. russelli, 
Acanthopagrus latus and E. coioides.  

The compositions of the fish faunas at Cape Keraudren, Eighty Mile Beach and Port Smith 
were significantly different, reflecting inter alia differences in latitude and the extent of 
exposure to tidal action and level of turbidity.  The compositions of the fish faunas in each 
location differed between the wet and dry times of the year. This was particularly the case at 
Eighty Mile Beach, where there was a large immigration of mature Arius proximus and Arius 
mastersi in the wet season. 

Sampling over reefs using fish traps and over soft substrates using an otter trawl net in both 
shallow (ca 15 m) and deeper inshore waters (ca 22 m) at seven locations yielded data on the 
species composition and relative abundances of the main commercial and recreational fish 
species in these waters along the Pilbara and Kimberley coasts.  A total of 133 fish species 
were caught over reefs and 279 species over soft substrates, of which 53 and 9% were of 
commercial and/or recreational importance.  The most abundant commercial and/or 
recreational fish species over reefs were Lethrinus hutchinsi, Lutjanus carponotatus, 
Lethrinus laticaudis, Gnathanodon speciosus, Lutjanus bitaeniatus, E. coioides and Lutjanus 
johnii, which, during the day, collectively comprised ca 75% of the total catch.  In contrast, 
the most abundant commercial and/or recreational fish species over soft substrates, Lethrinus 
genivittatus, Caranx bucculentus, Upeneus sulphureus, Upeneus asymmetricus, Choerodon 
cephalotes and Nemipterus furcosus, collectively contributed only ca 11% to the total catch.  
The most abundant fish species in the trawl catches were Leiognathus splendens (11.4%), 
Selaroides leptolepis (10.4%), Pristotis obtusirostris (7.1%) and Terapon theraps (7.1%). 
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Species composition was strongly influenced by latitudinal position, with, for example, 
species such as L. johnii and L. bitaeniatus being far more abundant over reefs in the northern 
locations, whereas the reverse was the case for species such as L. hutchinsi, Lethrinus 
atkinsoni and Abalistes stellaris.  Species such as L. hutchinsi and Lutjanus lemniscatus were 
abundant in both shallow and deeper waters, whereas L. laticaudis and G. speciosus were 
relatively more numerous in shallow water and Siganus fuscescens and L. bitaeniatus are 
more abundant in deeper water. 

Species composition in the wet and dry periods differed markedly, with, for example at Cape 
Voltaire, species such as L. bitaeniatus being more common during the wet, whereas the 
reverse was true for L. laticaudis and L. johnii.  The numbers of species and numbers of 
individuals caught in traps over reefs were both greater during the day than night, reflecting 
greater feeding activity by particularly lethrinid species.  In the catches from over reefs, most 
L. hutchinsi and Lutjanus sebae were < the MLL, whereas most L. laticaudis and Lethrinus 
nebulosus were > the MLL and considerable numbers of Plectropomus maculatus were 
caught both above and below the MLL. 

Inshore demersal fish stocks in north-western Australia are facing increased exploitation by 
recreational fishers, who are thus in direct competition with commercial and charter boat 
fishers. Thus, this inshore demersal finfish resource will require careful management both to 
ensure its sustainability and to avoid conflict among the competing fishing sectors. The 
baseline information provided on the nearshore fishery resources of north-western Australia 
by the results of the present study will be invaluable for developing fisheries management 
plans for these resources and for assessing the impact of any proposed access restrictions that 
may be imposed in areas nominated as future Marine Parks and Reserves. 

The tropical inshore fish species requiring future detailed stock status advice for fisheries 
management have been identified by this project.  Furthermore, resource managers should 
note that only 0.6% of the fish by-catch of the Exmouth Gulf prawn fishery comprised 
commercial and/or recreational fish species. 

All of the objectives of this project have been met by documenting the following; the overall 
catch of the key commercial, recreational and charter boat fish species; the species 
composition and relative abundance of the inshore demersal finfish resource from the 
shoreline outward to a depth of 30 m along the inner continental shelf in north-western 
Australia; and the nursery areas of the major commercial and recreational fish species in the 
Pilbara and Kimberley regions. 
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