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Abstract — The biodiversity of fishes on the Australian North West Shelf atolls
is known to be the richest in the state. In recent years however, there has been
minimal focus on comprehensive taxonomic fish surveys in this region. Since
the atolls are subjected to an increasing frequency of pressures such as major
cyclones, coral bleaching, tourism, fishing and natural resource exploitation,
it is critical to monitor this region to have the information to safeguard the
biodiversity for the future.

To obtain current data that would complement ongoing quantitative surveys
in the region, the Western Australian Museum undertook a taxonomic and
semi-quantitative survey of the shallow water reef fishes and other major
phyla at Mermaid, Scott and Seringapatam Reefs in September 2006. Thirty
nine underwater visual surveys were conducted, supplemented by limited
intertidal collecting, angling and surface observations.

Analysis of the fish fauna across atolls demonstrated close similarities between
North Scott, South Scott and Seringapatam Reefs, and, as a group, these
reefs showed certain differences from the more southerly Mermaid Reef.
Significant differences were found between lagoonal and outer reef slope
habitats. At each atoll, the outer reef slope habitats were more homogeneous
and had a greater diversity of fishes than the lagoon habitats, with South Scott
lagoon housing a unique mix of both outer reef slope and lagoon species.

Fish diversity was found to increase towards the northern atolls, supporting
previous research in the region. The fish fauna at all four atolls had more in
common with fish assemblages at equivalent clear-water reefs in Indonesia
than with those on the northwest coastal mainland and, as such, are unique

within Western Australian waters.

INTRODUCTION

There is considerable concern about the declining
biodiversity of coral reef species, including fishes,
due to human activities and global warming
(Roberts et al.,, 2002). Coral reefs are home to the
most diverse shallow water marine ecosystems,
with the Indo-Australian Archipelago being
the centre of diversity worldwide (Allen, 1999;
Bellwood and Wainwright, 2002). The atolls of
Australia’s North West Shelf are immediately
adjacent to this fish diversity ‘hotspot” and have
some of the most diverse and abundant fish
assemblages in the country (Hutchins, 2001; Russell
et al., 2005). Additionally these atolls are regionally
significant because they have many species that do
not occur elsewhere in Western Australia (Allen
and Russell, 1986; Berry and Marsh, 1986, Hutchins,
2001).

Few coral reefs remain in pristine condition, but
some atolls on the North West Shelf are in relatively
good condition (Kospartov et al., 2006, Gilmour
et al.,, 2007). Current concern for the North West
Shelf region focuses on increasing human impacts
particularly from fishing, recreation and resource
exploitation, and also on the increasing incidence
and scale of storm events and coral bleaching,
possibly exacerbated by global warming (Gilmour
et al., 2007, Smith et al., 2008).

The protection of the biodiversity of the North
West Shelf atolls must involve knowledge on
how these complex ecosystems function. In
order to do this it is important to employ a range
of complementary taxonomic and quantitative
techniques to examine the flora and fauna at
regular intervals. In recent years, however, there
has been an emphasis on quantitative surveys
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of selected families and ecological studies (e.g.
Smith et al., 2004; Meekan et al., 2005) rather than
comprehensive taxonomic fish surveys of the North
West Shelf atolls.

The fishes of the North West Shelf atolls have
been examined many times over the past 35 years
(Table 1). The first comprehensive taxonomic
survey (non-quantitative) of the shallow water
fish fauna of the region was a Western Australian
Museum survey in the early 1980’s (Allen and
Russell, 1986). During three ten-day surveys over
three consecutive years the two authors used
visual observations, rotenone, spearing, hand
netting and angling methods to obtain specimens.
Incorporating data from a brief survey made in
the region by Hutchins of the Western Australian
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Museum in 1973, they recorded a total of 485 fish
species from the three Rowley Shoals reefs and
483 fish species from the Scott and Seringapatam
Reefs, providing a total of 688 species for the whole
region.

A different approach, using semi-quantitative
visual census methods for recording selected fish
families, was employed by Williams, Hutchins
and Newman on an Australian Institute of Marine
Science (AIMS) expedition in late 1993 (Done et al.,
1994). In 19 days of visual surveys, they recorded
an additional 161 species to those of Allen and
Russell, bringing the total for Rowley Shoals, Scott
and Seringapatam Reefs to 849 (Hutchins et al.,
1995).

Table 1 Summary of previous fish surveys on the Rowley Shoals, Scott and Seringapatam atolls. Institute codes as
follows: WAM, Western Australian Museum; AMS, Australian Museum; NTM, Museum of Northern Terri-
tory; AIMS, Australian Institute of Marine Science; CSIRO, Commonwealth Scientific and Industrial Research
Organisation.

L . No. stations/ X
Date Organisation Author/ Collector Location No. species
method
1973 WAM Hutchins Rowley Shoals Taxonomic 33
1979 AMS Talbot Scott Reef 5 / Taxonomic ?
1982,
34 / Taxonomic
1983 WAM Allen & Russell, 1986 Rowley Shoals 485
WAM & Scott Reef .
1984 Allen & Russell, 1986 . 54 / Taxonomic
NTM Seringapatam Reef 483
Total for region 688
Rowley Shoals )
91 / Taxonomic &
1993 AIMS Done et al., 1994 Scott Reef .
. quantitative
Seringapatam Reef 445
Total for region 849
1995 to AIMS Gilmour et al., 2007 Rowley Shoals Long term.quzfmtltatlve
2001 monitoring
N/A
1995 to Heyward et al., 1995; Scott Reef Long term quantitative
AIMS . . L
2008 Smith et al., 1994 Seringapatam Reef monitoring N/A
Scott Reef o
1999 CSIRO Skewes et al., 1999 . Quantitative
Seringapatam Reef N/A
Rowley Shoals Shark quantitative
2003 AIMS Meekan & Cappo, 2004 L
Scott Reef monitoring
N/A
2003 Rowley Shoals Shark & fin fish
’ AIMS Meekan et al., 2005 o .
2004 Scott Reef quantitative monitoring N/A
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Above: Zanclus cornutus (Linnaeus, 1758). A species widespread among all atolls and habitats. (Photo: Clay Bryce)

Since 1995 AIMS has been involved in regular
semi-quantitative visual monitoring of fishes
and corals at fixed transect sites on the outer reef
slope and lagoon habitats at the Rowley Shoals,
Scott and Seringapatam Reefs (Heyward et al.,
1995; Gilmour et al., 2007). Additionally, they have
employed baited remote underwater video stations
(BRUVs) at greater depths to record deep-water fish
assemblages (Meekan and Cappo, 2004; Meekan et
al., 2005).

Non-quantitative taxonomic surveys of the more
northerly atolls of Ashmore, Cartier and Hibernia
reefs were conducted by the Western Australian
Museum and Northern Territory Museum between
1984 and 1998. Over this period they recorded 924
species, giving a total of over 1,000 fish species
for all the North West Shelf atolls (Allen, 1993;
Hutchins, 1998; Russell ef al., 2005).

These surveys found that the North West Shelf
atolls had a distinctly different fish fauna from that
of the adjacent Australian mainland coast (Allen
and Russell 1986; Done et al., 1994; Hutchins, 1998;
2001). This was thought to be largely due to the
continuous influx of clear oceanic water from the
Indonesian throughflow in contrast to the relatively
turbid north-west mainland coastal waters
(Hutchins, 2001). Many fish species were common

to both the Rowley Shoals and Scott Reefs, despite
a distance of approximately 400 km between them.
There were some clear differences however, with
certain species confined to one atoll system and
some species that were consistently more abundant
at one atoll than the other. For example, the potato
cod Epinephelus tukula was more abundant at the
Rowley Shoals, but the vermicular coral trout
Plectropomus oligocanthus was only found at Scott
Reefs (Allen and Russell, 1986).

Additionally, the data from all surveys indicated
a clear gradient of fish diversity increasing from
the Rowley Shoals towards Ashmore Reef and
Cartier Island, with the more northern fish fauna
having stronger Indonesian affinities (Allen and
Russell, 1986; Done et al., 1994; Heyward et al., 1995;
Hutchins, 1998; 2001; Russell et al., 2005; Gilmour et
al., 2007).

Some surveys found major differences between
the lagoon habitats and the outer reef slope habitats
at all Rowley Shoals, Scott and Seringapatam Reefs,
with the lagoons having fewer abundant and/or
widespread species than the outer reef slope (Done
et al, 1994). Only a small number of species were
abundant and/or widespread in both lagoon and
outer reef slope habitats. Differences between the
Rowley Shoals and Scott Reefs were largely due to
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the lagoonal fish assemblages that were generally
more diverse and/or abundant at Scott Reefs. The
outer reef slope fish communities were not so
distinct between atolls. Clear differences were
also demonstrated between the outer reef slopes of
the North West atolls and outer reef slopes of the
Western Coral Sea and outer Great Barrier Reef at
similar latitudes (Done et al., 1994).

The aim of this survey was to determine current
levels of species richness and semi-quantitative
measures of abundance of diurnally active fishes in
different habitats (lagoons and outer reef slopes) at
the Rowley Shoals, Scott and Seringapatam Reefs.
This data would enable the comparison of fish
assemblages between different atolls and between
different habitats within each atoll.

Additionally, the Western Australian Museum
surveys are unique in being able to perform
comprehensive and simultaneous assessment of
major faunal and floral groups, giving a wider
overview of the state of the reef ecosystems at any
one time compared with previous surveys (see
other contributions this volume).

METHODS

A semi-quantitative visual survey method was
employed (Williams, 1982). Fish were counted over
a 60-minute period, during which the divers swam
from a deep location (maximum of 20 metres) to
a shallower location at each station. These survey
paths started at the station way point (Station
and Transect Data section of this volume) and

G. Moore, S. Morrison

intersected one end of the fixed-depth invertebrate
transect lines that were surveyed concurrently.
All fish within a 10 metre wide belt were counted
using a log, scale of abundance — 1 (1 fish); 2
(2-5 fish); 3 (625 fish); 4 (26-125 fish); 5 (126-625
fish); 6 (626-3125 fish); 7 (3126 + fish). Effort was
given to including some of the cryptic species in
the counts. Counts were progressively recorded
onto underwater slates. To ensure confidence in
identification, waterproof field-guides were carried
and where identification was uncertain, specimens
were either collected or photographed for later
confirmation. Since one of the main aims of this
survey was to document maximum fish species
richness, it was decided to balance the two tasks of
estimating fish abundance and fish identification,
resulting in a single long transect covering a wider
range of depths (and therefore more fish species)
than would be possible with replicate transects at
fixed depths. The transect length varied depending
on the physical configuration of each station.
For the best estimates of species abundance it is
recognised that replicates of a transect are required
(Quinn and Keough, 2002), however, restrictions
on bottom time for SCUBA divers and overall field
time precluded such replication.

Due to the vast diversity and abundance of
the known fish fauna at Mermaid, Scott and
Seringapatam atolls, species were divided between
two observers. G. Moore was responsible for
all Chondrichthyes, Caesionidae, Serranidae,
Anthiinae, Ephippidae, Chaetodontidae,
Pomacanthidae, Pomacentridae, Labridae and

Table 2 Summary of fish survey methodology and habitat types at each station. All stations were surveyed on SCU-
BA except where indicated for snorkel ** and rotenone collections ™.

Atoll Habitat Station
Mermaid Reef Lagoon 1,6%,78,9,11,12, 14
Outer Reef Slope 2,4,5,15,16
Intertidal 3 sk
Channel 10,13
South Scott Reef Lagoon 18, 23, 25, 26, 29
Outer Reef Slope 17,19, 20, 22, 28, 30
Intertidal 21, 27
North Scott Reef Lagoon 32, 38,39
Outer Reef Slope 31, 34, 36,
Intertidal 33, 35 sk
Channel 40
Seringapatam Reef Lagoon 42,43
Outer Reef Slope 41,45
Intertidal 44
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several other small families. S. Morrison was
responsible for Muraenidae, Synodontidae,
Holocentridae, Scorpaenidae, Serranidae,
Pseudochromidae, Apogonidae, Carangidae,
Lutjanidae, Nemipteridae, Haemulidae,
Lethrinidae, Pempheridae, Cirrhitidae,
Pinguipedidae, Blenniidae, Gobiidae, Acanthuridae,
Siganidae, Balistidae, Monacanthidae,
Tetraodontidae, Diodontidae and several other
small families. In addition, rare or unusual fishes
were recorded by either observer, often following
some underwater acknowledgement by both divers.
Due to inconsistencies with identifications, scarids
were omitted.

Thirty nine visual surveys were conducted on
SCUBA or snorkel (Table 2). Station locations and
descriptions are provided in the Station Transect
Data section of this volume. Four intertidal stations
were sampled by rotenone at low tide (Table 2),
angling was utilised sporadically and a few species
were recorded opportunistically from incidental
sightings or via substrate sampling for other phyla.
These other records were used to compile the
species lists in Appendix 1, and were not included
in any analyses. Intertidal Stations 24 and 37 were
not sampled for fish because the water movement
was too great for a rotenone station. Stations were
selected to cover as many representative habitats
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as possible, within intertidal areas, channels,
lagoon floors, bommies, inner reef slopes and
outer reef slopes of each atoll, including different
levels of exposure and habitat complexity. It was
aimed to survey an equivalent number of stations
in each of the various habitats, but unfavourable
weather and time restrictions limited this plan.
The outer reef slope on the west coast of each
atoll was under-represented in the survey due to
its exposed orientation/aspect and few stations
at Seringapatam Reef were surveyed due to time
restrictions.

Data were analysed using PRIMER (for Windows
v.6.1.10). Data analysis was restricted to those
species recorded during the visual surveys at
lagoon, outer reef slope and channel sites. No
transformation of the data was required since the
original data was collected on a log, scale. A Bray-
Curtis similarity matrix of non-transformed log,
abundance data was subjected to cluster analysis
using group averages to construct a dendrogram.
The same similarity matrix was then used for
non-metric multi-dimensional scaling analysis
(nMDS) of the combined data, selecting the most
parsimonious of 30 iterations. Two-way nested
analysis of similarity (ANOSIM) was used for
comparisons among atolls and among habitats.
Two separate one-way ANOSIM analyses were

100
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Figure 1

South Scoft Reef
Atoll

Morth Scott Reef Seringapatam Reef

Mean number of species per station within each major habitat across the four atoll systems (visual survey

data only). Number of stations is indicated by a numeral within the column and standard error is shown by
a bar. Means for each habitat across all atolls are indicated by a green and blue line for lagoon and outer reef

slopes, respectively.
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Figure 2

Figure 3
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Above: Caranx sexfasciatus Quoy & Gaimard, 1825 (Photo: John Huisman)

run for each of the habitat factors (lagoon and
outer reef slope) that were found to be significantly
different in the nested ANOSIM test. Two separate
one-way similarity percentage analyses (SIMPER)
of non-transformed log, abundance data were
performed (excluding the lower 10% of contributing
species), to determine the species characterising
the assemblages within each habitat at each atoll.
SIMPER analysis of the dendrogram cluster groups
at the 45% similarity level was carried out to
examine which families and species characterise
each cluster.

RESULTS

Species richness across all atolls and habitats

A total of 461 species of fishes from 61 families
was recorded over all three atoll systems, of
which 417 species were recorded during the visual
surveys. A further 37 species were added from
rotenone and seven from opportunistic sightings
and angling. The total fish fauna for each atoll was
as follows; Mermaid, 293 species; South Scott Reef,
325 species; North Scott Reef, 271 species (combined
Scott Reefs, 387 species) and Seringapatam, 267
species (Appendix 1).

Across all atolls, outer reef slopes (x~ =117 species)
were on average more species rich than lagoon

habitats (x~ =93 species). Mean species richness of
outer reef slope stations increased with decreasing
latitude of atoll system such that the outer reef slope
stations at Mermaid Reef averaged 104 species and
those at Seringapatam Reef averaged 131 species
(Figure 1). Similarly, species richness within
lagoons was lowest at Mermaid Reef (81 species)
and peaked at South Scott Reef (105 species) (Figure
1).

Individual stations with the highest diversity of
fishes were outer reef slope habitats at all atolls:
Mermaid Reef station 16 (132 species); South
Scott Reef station 28 (126 species); North Scott
Reef station 34 (138 species) and Seringapatam
Reef station 45 (140 species). Lowest diversity
was recorded in lagoon habitats at Mermaid Reef
stations 1 and 8 (74 species); North Scott Reef
station 32 (80 species) and Seringapatam Reef
station 42 (85 species), while outer reef slope station
22 on the north side of Sandy Islet held the lowest
diversity at South Scott Reef (63 species).

Comparison of fish assemblages between atolls
and habitats

Cluster analysis based on abundance data
revealed strong clustering of stations by habitat,
more so than for atoll (Figure 2). Lagoonal stations
of Mermaid Reef were further separated from the
Scott/Seringapatam Reef complex and, with a few



228 G. Moore, S. Morrison
Table 3 Pairwise ANOSIM comparisons of lagoon and outer reef slope habitats at all atolls.
Lagoon Outer reef slope
Comparison R p R P
Mermaid/South Scott 0.96 0.003 0.38 0.005
Mermaid/North Scott 0.83 0.008 0.96 0.018
Mermaid/Seringapatam 0.88 0.028 0.83 0.048
South Scott/North Scott 0.30 0.114 0.01 0.450
South Scott/Seringapatam 0.79 0.067 -0.05 0.500
North Scott/Seringapatam 042 0.100 017 0.400

exceptions, the same was true for outer reef slope
stations. The communities at several stations (10,
13, 18, 22, 23, and 42) were ‘atypical’ in that they
did not cluster with the above groups. Channel
stations 10 and 13 at Mermaid Reef, and 40 at North
Scott Reef had fish communities more similar to the
outer reef slope fish assemblages than the lagoonal
ones. Notable in this analysis was that lagoon
stations 18 and 23 from South Scott Reef tended
to cluster in an intermediate position between the
outer reef slope and lagoon stations of the Scott/
Seringapatam Reef complex.

Unlike the cluster analysis, multidimensional
scaling analysis (MDS) of abundance data indicated
a possible difference between the fish communities
at Mermaid Reef and those at the two northern
atolls (Figure 3). Furthermore, stations at both of
the atoll groups (Mermaid and Scott/Seringapatam
reef complex) fell into two groupings loosely based
on lagoon and outer reef slope habitats (Figure 3).
As in the cluster analysis, stations 10, 13, 18, 22, 23
and 42 had various degrees of separation from the
main groupings.

To determine whether any of the above
differences were significant, two-way nested
ANOSIM analysis was carried out. This showed
no significant difference between atolls (Global
R = 0.061, p=0.353). Pairwise tests between atolls
were therefore not valid. Analysis of the habitats,
however, resulted in a highly significant difference
between habitats (Global R = 0.788, p=0.0001).

Separate one way ANOSIM analysis of the lagoon
habitats and outer reef slope habitats showed a
highly significant difference between lagoons at
each atoll (Global R = 0.77, p=0.001), and between
the outer reef slopes at each atoll (Global R = 0.30,
p=0.012).

Pairwise tests between the habitats at each
atoll showed significant differences between the
lagoon at Mermaid and the lagoons at the Scott/
Seringapatam reef complex, but lagoon habitats at
North Scott, South Scott and Seringapatam reefs

showed no differences (Table 3). A similar pattern
was evident for the outer reef slope habitats (Table
3).

Cluster analysis (Figure 4) and MDS analysis
(Figure 5) of the lagoon stations across all atolls
clearly supports the separation of Mermaid Reef
lagoon assemblages from those at all other atolls.
One South Scott Reef lagoon station (23) and one
Seringapatam Reef lagoon station (42) were distinct
from all other lagoon stations.

Cluster analysis (Figure 6) and MDS analysis
(Figure 7) of the outer reef slope stations across all
atolls also supports the separation of Mermaid Reef
outer reef slope assemblages from those at all other
atolls, although the distinction is not so clear as in
the lagoon stations. South Scott outer reef slope
stations 18 and 22 and Seringapatam Reef outer reef
slope station 42 are distinct from all other outer reef
slope stations.

Taxonomic characteristics of SIMPROF groupings

The main differences between the SIMPROF
groups were driven by a small number of
families. The twenty most abundant fish species
were dominated by Pomacentridae, Labridae
and Acanthuridae in all groups, except for
group G where Acanthuridae were not recorded
(Figure 8). Chaetodontidae, Lethrinidae and
Lutjanidae were the next most abundant families
in the majority of SIMPROF groups. Fifteen other
families (Holocentridae, Zanclidae, Apogonidae,
Pomacanthidae, Gobiidae, Balistidae, Serranidae,
Mullidae, Haemulidae, Carangidae, Nemipteridae,
Clupeidae, Cirrhitidae, Synodontidae and
Caesionidae) represented the remaining top twenty
species to a lesser degree and only occurred in one
or two of the SIMPROF groups.

The top twenty species accounted for between
44% and 51% of the abundance at lagoon stations,
approximately 37% of the abundance at outer slope
stations, and around 52% of the abundance in
the channels. Only one species occurred among
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Above: Epinephelus tukula Morgans, 1959. A species regularly found at the Rowley Shoals. (Photo: John Huisman)
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Left: Pomacentrus vaiuli Jordan & Seale, 1906 (Photo: Glenn Moore); Right: Amphiprion clarkii (Bennett, 1830) (Photo: Clay
Bryce)

the top twenty in all SIMPROF groups, namely;
Pomacentrus philippinus. Two species (Pomacentrus
vaiuli and Monotaxis grandoculis) were present in
four of the five SIMPROF groups, and six species
(Chromis margaritifer, Dascyllus aruanus, Pomacentrus
coelestis, P. moluccensis, Thalassoma amblycephalum
and Ctenochaetus striatus) were present in three of
the five SIMPROF groups.

The distribution of species at each atoll indicates
that a greater percentage of species were confined
to the outer reef slope habitats, compared with
the lagoon habitats.(Table 4). Species found in
both habitats comprised the greatest proportion
at all atolls except Seringapatam Reef where the
proportion was intermediate between the lagoon
and the outer reef slope habitats.

Fish assemblages at each atoll

All atolls and habitats had slightly different
fish assemblages based on the ten most abundant
species (Figure 9; Tables 5 to 8). North and South
Scott Reefs had six of the ten most abundant
species in common, combined Scott Reefs and
Seringapatam Reef had five species in common,
and Mermaid Reef had four in common with
both combined Scott Reefs and Seringapatam

Reefs. A great diversity of less-abundant species
from these families were recorded, many wide-
ranging between atolls and habitats, and others
confined to a certain atoll or habitat. Some of the
widespread, but not necessarily abundant species
among all atolls and habitats were Chaetodon auriga,
C. trifasciatus, C. ulietensis, Chromis margaritifer,
Pomacentrus wvaiuli, Halichoeres hortulanus, Labroides
dimidiatus, Thalassoma amblycephalum, T. hardwickei,
Cephalopholis argus, Lutjanus bohar, L. decussatus, L.
gibbus, Ctenochaetus striatus, Naso lituratus, Zebrasoma
scopas and Zanclus cornutus.

Mermaid Reef

Mermaid Reef lagoon and outer reef slope
habitats had distinctly different fish faunas (Table
5). Of a total of 290 fish species recorded visually
from Mermaid Reef, approximately 13% were
confined to the lagoon, 23% were confined to
the outer reef slope and 64% were found in both
habitats (Table 4). Of the ten most abundant species
only two (Pomacentrus philippinus and P. vaiuli)
were common to both habitats. The most abundant
species in both habitats were pomacentrids,
however, outer reef slope assemblages were
strongly influenced by labrids, acanthurids and

Table 4. Percentage distribution of species at each atoll, using SIMPER dissimilarity analysis (cut off at 90% of species).

Atoll Lagoon only Outer Reef only Both habitats
Mermaid 13% 23% 64%
South Scott 11% 18% 71%
North Scott 12% 31% 57%
Seringapatam 23% 45% 32%
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serranids (Table 5). Pomacentrus moluccensis was
very abundant in the lagoon but occurred in
small numbers on the outer reef slope. Acanthurus
nigricans occurred only on the outer reef slope,
wheareas Zebrasoma scopas, Ctenochaetus striatus
and Naso lituratus were in greater abundance on
the outer reef slope than in the lagoon. Further
distinctions were due to Halichoeres melanurus
being more abundant in the lagoon regions, and
Thalassoma quinquevittatum and Pseudanthias tuka
only occurring on the outer reef slope.

The lagoon at Mermaid Reef was characterised
by the following abundant and/or widespread
species that were only recorded from this
habitat; Epinephelus merra, Pseudochromis fuscus,
Symphorichthys spilurus, Dascyllus aruanus,
Pomacentrus adelus, P. grammatorhynchus,
Hemiglyphidodon plagiometapon, Chaetodon
punctatofasciatus, C. lineolatus and Meiacanthus
atrodorsalis. The outer reef slope of Mermaid
Reef had a greater number of abundant and/or
widespread species confined to this habitat as
follows; Pictichromis paccagnellae, Cheilodipterus
quinquelineatus, Lutjanus rivulatus, Parupeneus
bifasciatus, Chaetodon unimaculatus, C. meyeri,
Abudefduf vaigiensis, Chromis xanthura, Dischistodus
perspicillatus, Thalassoma quinquevittatum, Halichoeres
melanurus, Siganus doliatus, Acanthurus nigricans,
Naso caesius, Melichthys niger and M. vidua
(Appendix 1).

South Scott Reef

Of a total of 297 species recorded from South
Scott Reef, around 11% were confined to the lagoon,
18% confined to the outer reef slope and 71%
were found in both habitats (Table 4). Of the ten
most abundant species (Table 6) there were three
common to both habitats: Pomacentrus lepidogenys, P.
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philippinus and Ctenochaetus striatus. Pomacentrids
dominated the most abundant species in the lagoon
habitats with Chrysiptera rex, Dascyllus aruanus and
Pomacentrus moluccensis much more abundant in
the lagoon than the outer reef slope region. The
labrids Cirrhilabrus randalli and Thalassoma lunare
were also more abundant within the lagoon
compared with the outer reef slope. The outer reef
slope had the reverse pattern for the pomacentrids
Pomacentrus vaiuli, Chromis margaritifer and the
serranid Pseudanthias tuka. Of the ten most
abundant species, only Naso caesius was confined to
the outer reef slope.

Pomacentrids and labrids dominated the fish
assemblages in the lagoon areas. Some of the more
widespread and/or abundant species only recorded
from the ’‘lagoon’ stations at South Scott Reef
included Pseudochromis fuscus, Caesio caerulaurea,
Forcipiger flavissimus, Dischistodus prosoptaenia,
Coris schroederi and Ecsenius bicolor. A greater
diversity of species were found confined to the
outer reef slope assemblage including the more
abundant and/or widespread species; Plectropomus
oligocanthus, Parupeneus bifasciatus, Chaetodon
citrinellus, Gomphosus varius, Halichoeres prosopeion,
Thalassoma quinquevittatum, Nemateleotris magnifica,
Ptereleotris evides, Naso brachycentron, N. caesius,
Melichthys niger, M. vidua and Sufflamen bursa. The
most speciose families were the chaetodontids,
pomacentrids, labrids, acanthurids and balistids.

North Scott Reef

Of the 260 fish species recorded from North
Scott Reef, 12% were confined to the lagoon, 31%
confined to the outer reef slope and 57% were
found in both habitats (Table 4). The lagoon and
outer reef slope at North Scott Reef had equivalent
numbers of pomacentrids, labrids, acanthurids and

Table 5.  The ten most abundant fish species in lagoon and outer reef slope habitats at Mermaid Reef.
Order of abundance Mermaid lagoon Mermaid outer reef
1 Pomacentrus moluccensis Thalassoma amblycephalum
2 Dascyllus aruanus Zebrasoma scopas
3 Chromis viridis Acanthurus nigricans
4 Pomacentrus coelestis Pseudanthias tuka
5 Thalassoma hardwickei Pomacentrus philippinus
6 Pomacentrus adelus Ctenochaetus striatus
7 Pomacentrus philippinus Thalassoma quinquevittatum
8 Pomacentrus vaiuli Pomacentrus vaiuli
9 Acanthurus blochi Naso lituratus
10 Halichoeres trimaculatus Chromis ternatensis
of tolzzc:l;lltlilgdeance 31% 23%
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lutjanids among the ten most abundant species
(Table 7). Of these, three species, Pomacentrus
lepidogenys, P. philippinus and Lutjanus gibbus,
were common to both regions. Three species of
pomacentrids that were restricted to the lagoon
were Chromis viridis, Chrysiptera hemicyanea and
Pomacentrus moluccensis. Two additional species
(Dascyllus aruanus and Thalassoma hardwickei) were
more abundant in the lagoon than the outer reef
slope. Of the ten most abundant outer reef slope
species, two (Chromis weberi and Naso caesius) were
restricted to this habitat. Of the remaining species,
Thalassoma amblycephalum, Cirrhilabrus randalli and
Pomacentrus nigromarginatus, were markedly more
abundant on the outer reef slope than in the lagoon.
There appeared to be less interchange of species
between the lagoon and outer reef slope than at
South Scott Reef.

Species confined to the lagoon that were
abundant and/or widespread included Epinephelus
merra, Amblyglyphidodon curacao, Chromis viridis,
Chrysiptera hemicyanea, Plectroglyphidodon lacrymatus,
Pomacentrus chrysurus, P. moluccensis, Stegastes
nigricans and Hemigymnus melapterus. The
assemblages were dominated by pomacentrids
and labrids, which differs from the more even
spread of families in South Scott Reef lagoon.
Species confined to the outer reef slope of North
Scott Reef were more diverse and numerous.
Among the more abundant and/or widespread
were; Cephalopholis urodeta, Plectropomus laevis,
Gymmnocranius aurolineatus, Chaetodon ornatissimus,
Forcipiger flavissimus, Abudefduf vaigiensis,
Amphiprion clarkii, Chromis weberi, C. xanthura,

Dascyllus trimaculatus, Bodianus axillaris, Coris
gaimardi, Halichoeres marginatus, H. prosopeion,
Macropharyngodon meleagris, Pseudodax moluccanus,
Nemateleotris magnifica, Acanthurus nigricans, A.
olivaceus, Naso brevirostris, N. caesius, Balistoides
conspicillum, B. viridescens, Odonus niger, Sufflamen
chrysopterus and S. bursa. The most speciose of
these families were pomacentrids, labrids, gobiids,
acanthurids and balistids.

Seringapatam Reef

Of the 256 fish species recorded from
Seringapatam Reef, approximately 23% were
confined to the lagoon, 45% were confined to
the outer reef slope, and 32% were found in
both habitats (Table 4). Among the ten most
abundant lagoon and outer reef slope species at
Seringapatam, half were restricted to one habitat
or the other (Table 8). Only one species, Labroides
dimidiatus, was common to both habitats. Six
species were restricted to the lagoon; apogonids
Cheilodipterus quinquelineata and C. macrodon,
pomacentrids Pomacentrus coelestis, Chromis viridis,
Dascyllus aruanus and Amblyglyphidodon curacao.
The labrids Thalassoma lunare and T. hardwickei were
more abundant in the lagoon than the outer reef
slope. Four species were restricted to the outer reef
slope habitat; Pseudanthias tuka, Cirrhilabrus randalli,
Chromis xanthura and Naso caesius. The remaining
five species, Chromis margaritifer, C. weberi, C.
lepidolepis, Ctenochaetus striatus and Thalassoma
amblycephalum were clearly more abundant on the
outer reef slope than the lagoon.

Some of the abundant and/or widespread



Marine Fauna - Fish

Table 6 The ten most abundant fish species at South Scott Reef habitats
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Order of abundance

South Scott lagoon

South Scott outer reef slope

1 Pomacentrus lepidogenys Pomacentrus vaiuli

2 Chrysiptera rex Pomacentrus philippinus

3 Pomacentrus philippinus Pomacentrus lepidogenys

4 Dascyllus aruanus Chromis margaritifer

5 Pomacentrus moluccensis Pseudanthias tuka

6 Ctenochaetus striatus Halichoeres hortulanus

7 Cirrhilabrus randalli Chromis amboinensis

8 Thalassoma lunare Ctenochaetus striatus

9 Monotaxis grandoculis Naso caesius

10 Lutjanus decussatus Thalassoma amblycephalum
Percentage

of total abundance

27%

27%

Table 7 The ten most abundant fish species at North Scott Reef habitats

Order of abundance

North Scott lagoon

North Scott outer reef slope

1 Chromis viridis Thalassoma amblycephalum

2 Ctenochaetus striatus Chromis weberi

3 Pomacentrus lepidogenys Pomacentrus lepidogenys

4 Dascyllus aruanus Pomacentrus philippinus

5 Chrysiptera hemicyanea Lutjanus gibbus

6 Pomacentrus philippinus Cirrhilabrus randalli

7 Pomacentrus moluccensis Pomacentrus nigromarginatus

8 Thalassoma lunare Pomacentrus amboinenesis

9 Lutjanus gibbus Naso caesius

10 Thalassoma hardwickei Pomacentrus vaiuli
Percentage

of total abundance

27%

23%

Table 8 The ten most abundant fish species at Seringapatam Reef habitats.

Order of abundance

Seringapatam lagoon

Seringapatam outer reef slope

1 Cheilodipterus quinquelineatus Pseudanthias tuka

2 Thalassoma lunare Chromis margaritifer

3 Pomacentrus coelestis Chromis weberi

4 Chromis viridis Ctenochaetus striatus

5 Dascyllus aruanus Cirrhilabrus randalli

6 Thalassoma hardwickei Pomacentrus lepidogenys

7 Amblyglyphidodon curacao Chromis xanthura

8 Labroides dimidiatus Naso caesius

9 Cheilodipterus macrodon Thalassoma amblycephalum

10 Naso lituratus Labroides dimidiatus
Percentage

of total abundance

47%

27%
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Above: Corythoichthys schultzi Herald, 1953 on the sea star, Miiller and Troschel. 1842. (Photo: Sue Morrison)

species confined to the lagoon were; Epinephelus
merra, Cheilodipterus quinquelineatus, Symphorichthys
spilurus, Chromis viridis, Dascyllus aruanus,
Dischistodus prosopotaenia, Plectroglyphidodon
lacrymatus, Pomacentrus moluccensis, Halichoeres
melanurus and H. trimaculatus. Species confined to
the outer reef slope had the greatest diversity when
compared with all other reefs. A selection of the
most abundant and/or widespread species are as
follows; Sargocentron caudimaculatum, Cephalopholis
urodeta, Lutjanus bohar, Macolor macularis, Parupeneus
bifasciatus, Chaetodon vagabundus, C. semeion,
Amblyglyphidodon curacao, Chromis atripes, Bodianus
axillaris, Cirrhilabrus exquisitus, Epibulus insidiator,
Nemateleotris magnifica, Naso brevirostris and N.
caesius. This habitat had many speciose families
including serranids, chaetodontids, pomacentrids,
labrids, acanthurids and balistids.

DISCUSSION

Some 530 fish species have now been reported
from the Rowley Shoals and some 600 fish
species from Scott/Seringapatam Reefs (Allen and
Russell, 1986, Done et al., 1994; Hutchins, 1998).
This includes collections from all three Rowley
Shoals reefs (Mermaid, Clerke and Imperieuse),
and derived using a variety of methods including
visual surveys, spear, rotenone and angling. The
records from the present study include species from
61 families with a range of pelagic, demersal and
benthic life histories. Considering the brevity of
the present survey, the inclusion of only Mermaid
Reef at the Rowley Shoals, limited rotenone
sampling and the exclusion of scarids, the results
of 293 species at the Rowley Shoals, 387 species at
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Scott Reefs and 267 species at Seringapatam Reef
represent a substantial component of the known
fauna. Only one new record was added to the
known fauna of the region - Helcogramma chica
Rosenblatt, 1960. This new record for Australia
was found at Seringapatam Reef during the present
survey, and was only previously known from the
Indonesian region, Christmas Island, Cocos Keeling
Islands and north west Pacific region.

Gradient of species richness and recruitment

Reefs closer to Indonesia, which is the centre of
reef fish diversity, have a more diverse fish fauna
(Allen, 1999). The present results indicate that fish
species richness increased in a northerly direction
from Mermaid Reef in the Rowley Shoals to the
Scott/Seringapatam Reef complex, which supports
the findings of Allen (1993), Allen and Russell
(1986), Done et al., (1994) and Hutchins (1998). It is
thought that the Indonesian throughflow has the
potential to transport fish eggs and larvae from
Indonesia to the North West Shelf atolls (Hutchins,
2001). It is most likely therefore that the proximity
to the rich fish fauna of Indonesia, rather than
latitude is the main reason for this species gradient.

The level of self-recruitment at each atoll as
opposed to recruitment from further afield
however, is not fully known. AIMS have
considered weather patterns and oceanic currents
to assess the degree of connectivity between
the offshore reef systems (Gilmour et al., 2007).
Results from sub-surface drifters have indicated
that dispersal times for fish eggs or larvae
between Ashmore and Scott Reefs can be between
three to four weeks, and between Scott Reefs
and Rowley Shoals around one to two months
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Left: Pseudobalistes flavimarginatus (Ruppell, 1829); Right: Amblyeleotris steinitzi (Klausewitz, 1974) (Photo: Clay Bryce)
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Left: Gymnothorax javanicus (Bleeker, 1859) (Photo: John Huisman); Right: Istigobius rigilius (Herre, 1953) (Photo: Sue
Morrison)

(Gilmour et al., 2007). These times would limit fish
dispersal between the atolls for most species, and
consequently the North West Shelf atolls are likely
to depend heavily on self-recruitment (Gilmour et
al., 2007). The present survey indicates a decreasing
species richness of fish assemblages between
atolls with increasing distance from Indonesia,
which supports slow rates of fish recruitment at
the North West Shelf atolls from Indonesia. An
example of a species that is potentially a relatively
new arrival from Indonesia, is the newly recorded
trypterygiid Helcogramma chica. The fish fauna of
the North West Shelf atolls have more in common
with Indonesian reefs than with coastal Australian
reefs (Hutchins, 1994; 2001). It has been suggested
that the differences in fish assemblages between
the Australian mainland and the offshore atolls
is largely due to gradients in the physical and
biological environments acting as barriers to
dispersal (Hutchins, 2001), although most of these
are yet to be examined.

Reef Comparisons

Fifteen families dominated the fish assemblages
(pomacentrids, acanthurids, labrids and
apogonids, with smaller contributions from
serranids, lutjanids, chaetodontids, lethrinids,

mullids, zanclids, haemulids, clupeids, carangids,
synodontids and caesionids) and these accounted
for approximately one quarter of the abundance at
all atolls. The first seven families are among the
most diverse and abundant of the Indo-West Pacific
reef fish families (Allen, 1993; Russell et al., 2005).
Only a very small percentage of fish species were
restricted to a single atoll and just under half of all
species were common to all atolls. There is a trend
for Mermaid Reef fish assemblages to be different
from those at the Scott/Seringapatam Reef complex.
This is likely to be a consequence of Mermaid Reef
being more than 400 km south west of the other
atolls. North Scott, South Scott and Seringapatam
Reef fish assemblages had more in common with
each other, which is to be expected because of their
close proximity (there is a maximum of 55 km
between them). Exchange of species between these
three reefs might be further facilitated by the open
formation of South Scott Reef.

The differences in fish assemblages between the
North West Shelf atoll systems is thought to be
greatly influenced by differences in reef habitat
structure (Allen, 1994; Done et al., 1994, Hutchins,
2001; Gilmour et al., 2007). North and South Scott
Reefs, which were more varied in coral species
richness, depth and exposure than Mermaid or
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Seringapatam Reefs (Done ef al., 1994) had the
greatest fish species richness. After extensive
damage by cyclone Jacob at the Rowley Shoals
in 1996, the most stable fish population occurred
at Mermaid Reef which had the least physical
damage and therefore retained the greatest habitat
diversity of the Rowley Shoals reefs (Gilmour et
al., 2007). Furthermore, the present study shows
that outer reef slope habitats at Mermaid, Scott and
Seringapatam Reefs, which had well developed and
steep drop-offs, supported richer fish assemblages
than lagoonal habitats at all atolls.

Habitat Comparisons

Fish assemblages in lagoonal and outer reef slope
habitats differed from each other. The differences
in fish assemblages between the two habitat
types are likely to be influenced by physical and
oceanographic factors such as shape, orientation,
depth, exposure, temperature and salinity, resulting
in different benthic biota and ultimately, distinct
fish assemblages.

Generally the outer reef slopes assemblages
were more homogeneous between reefs than
the lagoonal fish assemblages. This is possibly
because it is physically easier for fish (both adults
and larvae) to move between outer reef slope
habitats than traverse the barriers of the reef flats
and channels in and out of lagoons at different
atolls. Additionally, Mermaid Reef lagoonal fish
assemblages were significantly different from all
other lagoonal assemblages, which is most likely a
function of distance from the other reefs.

South Scott Reef lagoon fish assemblages were
distinct from those at other reefs. South Scott Reef
is physically different from the other atolls in that it
is incomplete along the northern side. Additionally,
there are some very deep regions 35 to 55 m depth
within the lagoon (Berry and Marsh, 1986), which
provide similar habitat to that on the outer reef
slope. As such it could almost be considered a
third habitat type that is restricted to South Scott
Reef. Done et al., (1994) also noted this important
distinction. This physical structure is likely to allow
easy movement of fish between inner and outer
reef slope locations, resulting in more uniformity
in the distribution of fish species than in the other
three atolls. The mixture of lagoonal and outer reef
slope species at stations 18 and 23 reflect this idea.
Another factor that contributed to the separation of
South Scott Reef was outer reef slope station 22 on
the outside of Sandy Islet. It had extremely low fish
species richness and low abundance that was likely
to be a result of it being a very exposed, low relief,
well-scoured habitat, and the current at the time of
the survey would probably have forced many fish
into refuges and out of view.

There were indications that Seringapatam
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Reef was distinct from other atolls, particularly
in the lagoonal fish assemblages, but no strong
conclusions can be drawn from this because the
reef was under-sampled. For example, station 42
at Seringapatam Reef was shallow and sandy with
sparse reef structure, unlike any others sampled
in the present study and consequently contained
several species largely confined to sandy habitats
such as the trichonotids, certain labrids and
gobiids. Further surveys at this reef would clarify
the fish distribution patterns and abundances.

Impacts on fish assemblages

These offshore atolls are regularly subjected to
severe natural’ damage. For example the Rowley
Shoals were hit by cyclone Jacob in 1996, and Scott
and Seringapatam Reefs, were subject to a mass
coral bleaching event in 1998 (Smith et al., 2008)
and in 2004 tropical cyclone Fay hit the region
(Smith, 2004). Investigations by AIMS after these
events indicated major impacts on the hard coral,
soft coral and fish communities. These and other
natural forces, together with escalating human
impacts such as fishing pressures, tourism and
global climate change affect the ecology of the
region and consequently the fish assemblages.
Fish assemblages are constantly changing in
response to such factors and are therefore complex.
Surveys such as this can only provide data on fish
assemblages at a single time, season and at limited
locations. No single method will give sufficient
data to understand the full biodiversity, ecology
and dynamics of fish assemblages. For example, a
tool such as rotenone is vital to assess biodiversity
since it has been shown that only around 36%
of fish species sampled with rotenone may be
recorded by underwater visual surveys (Smith-
Vaniz et al., 2006). Population and community
changes need to be assessed by quantitative
methods carried out regularly at fixed locations.
Temporal changes in fish larval assemblages are
known to occur in other areas of the North West
Shelf and are likely to influence recruitment and
community structure at a local level (Sampey, et al.,
2004). Deeper water surveys below diving depths
are a further challenge, and are currently partially
addressed with the use of BRUVs (Meekan, et al.,
2005). These issues illustrate the need to employ a
variety of survey techniques, to cover spatial and
temporal variables of natural and human impacts
in order to manage and maintain the biodiversity
of fish assemblages, along with the physical and
biological dynamics, of these unique Australian
North West Shelf atolls.

CONCLUSIONS

The present survey recorded an Indo-West Pacific
fish fauna with close affinities to fish assemblages
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Above: Trigenodon obesus Riippell, 1837. WhiteTip Reef Shark. (Photo: Glenn Moore)
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of Indonesia. The range of species and families
recorded were similar to those observed in
previous taxonomic surveys, and the previously
observed gradient of increasing fish species
richness with closer proximity to Indonesia, was
confirmed. The differences observed between
habitats at the different atolls were likely to be a
function of physical characteristics and distances
between the atolls.

These survey methods would be improved by
increasing the number of stations in each of the
atolls and within each habitat, and also including
replicate surveys at each station. In order to
continually assess changes in biodiversity of
these unique, yet increasingly utilised atolls, it is
important to include a combination of taxonomic,
semi-quantitative and quantitative methods.

ACKNOWLEDGEMENTS

We thank the crew of the Kimberley Quest.
Thanks to Barry Hutchins and Gerry Allen for
assistance, identifications and comments. Alison
Sampey and David Fairclough provided valuable
advice on an earlier version of this manuscript.
Funding was provided by Woodside Energy
Limited and the Western Australian Museum.

REFERENCES

Allen, G.R. (1993). Fishes of Ashmore Reef and Cartier
Island. In: Marine faunal Surveys of Ashmore Reef
and Cartier Island North-western Australia. Records of
the Western Australian Museum, Supplement 44: 67-91.

Allen, G.R. (1999). Marine Fishes of Tropical Australia and
South-East Asia. Western Australian Museum, Perth.

Allen, G.R. and Russell, B.C. (1986). Fishes. In: Faunal
Surveys of The Rowley Shoals, Scott Reef and
Seringapatam Reef. Records of the Western Australian
Museum, Supplement 25: 75-103.

Bellwood, D.R. and Wainwright, P.C. (2002). The History
and Biogeography of Fishes on Coral Reefs. In:
Coral Reef Fishes. Dynamics and Diversity in a Complex
Ecosystem. Ed Sale, PF. Academic Press, 5-32.

Done, T.J., Williams, D. McB., Speare, P., Turak, E.,
Davidson, J., DeVantier, L. M., Newman, S.J. and
Hutchins, J.B. (1994). Surveys of Coral and Fish
Communities at Scott Reef and Rowley Shoals.
Australian Institute of Marine Science, Townsville.
Unpublished report for Woodside Offshore Petroleum
Pty Ltd. 123pp.

Gilmour, J., Cheal, A., Smith, L., Underwood, J.,
Meekan, M., Fitzgibbon, B. and Rees, M. (2007).
Data compilation and analysis for Rowley Shoals:
Mermaid, Imperieuse and Clerke reefs. Australian
Institute of Marine Science, Perth. Unpublished
report for Australian Government Department of
Environment and Heritage.

Heyward, A.J., Halford, A.R., Smith, L.D. and Williams,
D. McB. (1995). Coral Reef Ecosystems of North
West Australia: Long-term monitoring of corals and

241

fish at North Scott, South Scott and Seringapatam
Reefs. Report 1 Baseline permanent transect surveys.
Australian Institute of Marine Science. Unpublished
report for Woodside Offshore Petroleum Pty Ltd.
43pp.

Hutchins, J.B. (1998). Survey of the Fishes of Ashmore
Reef. Western Australian Museum. Unpublished
report for Parks Australia North. 51pp.

Hutchins, J.B. (2001). Biodiversity of shallow reef fish
assemblages in Western Australia using a rapid
censusing technique. Records of the Western Australian
Museum. 20: 247-270.

Kospartov, M., Beger, M., Ceccarelli, D. and Richards,
Z. (2006). An assessment of the distribution of sea
cucumbers, trochus, giant clams, coral, fish and
invasive marine species at Ashmore Reef National
Nature Reserve and Cartier Island Marine Reserve.
Produced for the Department of Environment and
Heritage by Uniquest Pty Ltd, Feb 2006, 174 pp.

Meekan, M. and Cappo, M. (2004). Non-destructive
Techniques for Rapid Assessment of Shark
Abundance in Northern Australia. Australian Institute
of Marine Science, Townsville. Unpublished report for
Australian Government Department of Agriculture,
Fisheries and Forestry. 29 pp.

Meekan, M. Cappo, M. Carleton, J. and Marroitt, R.
(2005). Surveys of Shark and Fin-fish abundance
on reefs within MOU74 Box and Rowley Shoals
using Baited Remote Underwater Video Systems.
Unpublished report for Australian Government
Department of Environment and Heritage, 28 pp.

Quinn, G. P. and Keough, M. J. (2002). Experimental design
and data analysis for biologists, Cambridge University
Press.

Roberts, M.R., McClean, C.J., Veron, J.E.N., Hawkins,
J.P,, Allen, G.R., McAllister, D.E., Mittermeier, C.G.,
Schueler, EW., Spalding, M., Wells, F., Vynne, C. and
Werner, T.B. (2002). Marine Biodiversity Hospots and
Conservation Priorities for Tropical Reefs. Science, 295:
1280-1284.

Russell, B.C., Larson, H.K., Hutchins, J.B. and Allen, G.
R. (2005). Reef fishes of the Sahul Shelf. The Beagle,
Records of the Museums and Art Galleries of the Northern
Territory. Supplement 1: 83-105.

Sampey, A., Meekan, M.G., Carleton, J].H., McKinnon,
A.D. and McCormick, M.I. (2004). Temporal patterns
in distributions of tropical fish larvae on the North
West Shelf of Australia. Marine and Freshwater
Research. 55: 473-487.

Smith, L., Gilmour, J., Rees, M.,Lough, J., Halford, A.,
Underwood, J., Van Oppen, M. and Heyward, A.
(2004). Biological and Physical Environment at
Scott Reef: 2003 to 2004. III Biological Environment.
Unpublished report for Woodside Energy Pty Ltd.

Smith-Vaniz, W.E,, Jelks, H.J. and Rocha, L.A. (2006).
Relevance of cryptic fishes in biodiversity
assessments: A case study at Buck Island Reef national
monument, St. Croix. Bulletin of Marine Science, 79 (1):
17-48.

Williams, D. McB. (1982). Patterns in the distribution of
fish communities across the central Great Barrier Reef.
Coral Reefs 1:35-43.



G. Moore, S. Morrison

+ ysypaezr] jodsyre], 6261 “AassaxD) pue [[assny wnjnovl snpouhs

+ + + ysypaezI] papueg 2161 ‘Io[MOA] sAiuadojvuiiop snpouhs
+ + ysyprezr| jodsomy, €G6T ‘ZINYDS snjvjoulq snpouhs
o ysiypIezr| ‘ds snpoufig

+ + Aineg o[oeIn) (F281 ‘prewren) pue Long)) sy1ov.s vprinvs
saysypIezI] aeprjuopousg

+ jyexdg 1apusig (9%8T “T98aYDS pue YOUTWIWIR]) S119048 Sap10]ja3vids

sSurnayg aepradny)

«F [9F @ eus parppes (6€81 “1PuURg 29 AeT) SNIOUIIIULIS SNUVINIIT

o [9F @ eug a[Ipod0ID) (€81 “NPUULg) SnuIfIP0I04d siydouoshAyovig

s[ag Meug sepryyrydo

+ 9 uoqqry 888 ‘uewrer) vjisavnb vuavinuouiyy

s o+ + Ke101q pajureg (6841 ‘TUV) snard xvioyjounficy
+ o+ + AeIOA JuerD) (6881 “13991g) snoruvavl xvioyjouho
«F Ke101A 9yeLIqUIL] (TEST “MPoUURg) snvLIquilf XvI0YJOUUAL)

o+ KeIOA [re3eome] (£G8T “1999]q) S1SUI0ING XVIOYIOUWAD)

«F KeI0l\ vIqRZ (£6.1 “I9PPON Pue Meys) vigoz vUavInuouificy

s[oq Ae1o|n Jepruaeiny

o+ 1°q maySdedg ‘ds vnSuriopy

s1oq 3y Sedg aepm3urio

+ Key eyuely (8641 “J310pUUO(]) S141S0419 VJUVIN
sAerfiaaq epInqoN

+ Key [reyue] paydiorg TPST “O[USL] pUue IS[[NIA 1UaAaus vaniuay],

+ + + Key [rejuey papodsanyg (GZZT ‘TedSSI0) viumihA] paniuay],
+ Kenysey papodsanig (TH8T “OTUSH pue IS[[A) 1jyny suvhsvq

sfe1dung sepipredseq

+ + Sreys joay dnayypm (££81 ‘11oddny) snsaqo uopouavii]

+ Sreyg jooy dmpoerg (281 “prewren) pue AonQ)) sniagdouvjous SNULYIBYIIDD)

+ + SIeyg Jooy Aa1n) (9681 “195291q) soyouhiiAjquip SnuyivyIivY)

syIeys 1d[ey M Jepruryreydie))

+ Sreyg asinN Aumey, (0€8T “uossaT) snauLsn.Liaf snigaN

SYIeYS ISINN seprjewo)sowr A[Surn

wrejedeSuriog nodg PIEeuLIdIA dureu UOWIWIO)) dUWIEU DYHUIDS

242

193em uado = o+ “Burue = |+ ‘JeyJ Joa1 = ,+ ‘quasard = + Ay
'900¢ 1oquuaydag ‘syoay wreededuriag pue 100G INOG 309G YHION] ‘PIEWLIS]A] WOLJ PIPI0daI sa10ads sty

‘1 xipuaddy



243

Marine Fauna - Fish

+

«t

Tt
Tt

+

+ + 4+ +

+

O+
O+
O+

*t

+

+ + + + + + 4+

O+
O+
O+

POID0Y }200e3]
POO20Y PauT[HYM
POIOOY YInowrpay
Spodpoy
ysiyuordioog A33ey
ysyuord10og uwreno)
ystyuord10og anbrqurezoy
saysguordioog
YSIJUOT] UOWWO))
ysyuory ugjodsg
YSyuory eiqaz
saysyuory

ysyadig s,z)mnydg
ysyodig doyooy
saysgadig
ynourang yjoowsg
symowaingq
ysyodwniy,
saysyladumay,
ysyeirmbg aiqeg
ysgpirmbg umor)
ysyppaimbg [rezayrym
ysyirmbg 1apusig
ysyarplog 24a31g
USISIP[OS UOSWLID
USIJISTP[OS UgMopeys
saysya1nbg
wojduo]

swojduo|

ysySuIA[ ueoryy
ysySurAL jodsAuey
USIFSUTA]] 9)erpauriaju]
saysgSuIf[g
ysyia[duy Ayrepp
saysy3oxry

ysy3ur) pading
saysg3urd

USIPTIA

SIUSIIIN

1081 ‘IdpIaUYDg pue yoorg snsiv syoydojpyda)
(8Z8T ‘seuuLIdUSTRA ) SHOIUWYLE0INI] UOpoLad Ay,
(G241 “Tedss10,) vudos vosadopvijzay
aepruerrdg

(6281 “11AND)) wSouaa sisdouavd.ioog

$ZQ1 “prewrren) 3 Aong) sisuauvns sapouavdioos
(G681 “S19319) VI1qUIVSSOL PUIVAL0ISBAV]
Jepruaediodg

(8G/T ‘snaeuur) suvjijoe s10493J

(£841 “YooIg) vyvuuajuy s10423d

(6T8T “I91AND) 1.4qaZ SNAIYI0LPUI(]

aeprordl g

€861 “PIeIdH 1z31n1yos shiypo1oyphio)

(1681 “13031g) snuajdojviuavy shAyjyoioy1Aio))
aepryeudusg

Q8T “[oddny 1uosiawuiod vrivinisty
SepILrenysry

(99/1 ‘snoeuurT) sisuauild snuLosony’
aepruo)sorny

(G221 “TedSSI0) winiafiurds 1u04juad08ivs
(2081 “‘epadaoe) vwapvip uoijuargivsg

(8¢81 “Troddny) wnypmoviupns uosguaso8ivs
(S£/£1 ‘TedsS10q) vavuis uoydioaN

6281 “T1AND) 1y S1StAdiIAA

(G££1 ‘TedIss104) uvlpinu systadiiAy

©GQT “Ioxa9[q visnpy sysLIALIAN

ePLIJUI O[O

‘ds snunsojAy

aepruorag

/8T “SOUUSIDUS[BA 0JUILUL SHII0IOXIUV]

(/P81 ‘seuuarouarep ) sniajdojids uoSodojiay
1961 “utreJ smipautiajui uogodojiay)
aepraodoxy

(%81 “surpirelsa(q) snpmovui SHLIVUUIUY
JepILreuUdUY

(€881 ‘o8eaneg) snyvaui) shygyoruapoi
2epPI10SaIqoD)

(G££1 “TedISsI0]) souvto souvy)

aeprueyd



G. Moore, S. Morrison

244

+ ysyreurpie) peaydurdg 9681 “1axa91q sniajdojivy uoody

+ + ysy[eurpae)) aurpuQ (9061 ‘s>{re1S pue uepIof) vuLsisoxa uodody

+ + ysyreurpae) paurpduei) (g8T “T91g) vuosouvhs uodody
+ + ysgreurpre)) aka-anyg (T161 ‘@FTPPeY pue yIrws) snssaiduiod uodody

o ysyreurpreD) pay 9] 881 “roddmy snauro0o uoSody

saysyreurpie) aepruodody

o uy3uo dnpay G661 “TOOIN Snpunaaiaa sdoisajd

sugApaig aeprdorsarg

+ + + syoeqhpoq Axsng 6V81 ‘[PUDSOLL, pUe IS[[NIA SHIST SIU0LYIOPNIS]
ot Noeqh10( peayMOor[ex /S8T “19Y9[g VIUIVIOUBAD SIULOAYIOPNIS

+ + Noeqh1o( Ppuss (TC6T “IOIMOL) SHIVIUIVIIG SIULOAYIOPNIS
+ + yoeqApoQ redoy (S£61 “POIPXY) avj1aSvusavd S1uodyd1go1d

sypeqdnoq ePIUOIYD0PNIS]

+ ysydeog pesymorry 0€61 “Ueaq pue IS[MOY 1pnvuvquyd vaisadouojag

saysydeog aeprsruwens)

+ + JNOIT UOTJeU0IO)ISPIMO[PX (SZ£1 “TeYSSI0q) 1310] V]OLIBA

+ + JNOIT UOTJeUO0IO)) 33Pa-AYM €G61 “dessteq vIpULSIIULIGID D]OLIVA
+ + + usany) ayding (£T6T “ueqeiuoiy pue L) vy SUIFUDPNIS]
+ jo[sseq a8ue1n (Gg81 ‘s10319() stuuidnuvnbs sviyuvpnasg

+ jJo[sseq s,uayg 6861 US[[V PUE [[epuey] 1uays SulyjjuupnasJ

+ 19[sseq S,LI07] (9261 “lrepuey pue Yo0qqn-) o] suijuvpnasq
+ Jo[sseg dyIde] (£G8T ‘193231g) 13yomy| SUFUVPNIS]
+ + POD IB[NDIWLIIA (PS8T “1o3a91g) SnyjuvIvSI0 Snodoijoa]d
+ + INOI], [eI0D) UOWWO)D) (2081 “‘@padaoe) snpivdoas snuwodoajoa) g

+ + + noi Tero) panodsanig (1081 “opadooe) staav) snuwodo.z001q
+ + + INOIT, [eI0D) JINIJUOISSE ] (0¢81 ‘1eddny) snyvjoauv snuodoi001 g
+ + + 1adnoin) surdsury (0g61 “ueag pue I9[MOY) DIVULSIVULOG]D V]1IDAD)
+ OO0y 0310 6561 ‘sueBIoN vinyng snjaydoudy

+ + + 1adnoin) agepnoure) (6¥8T1 “195991q) uorpvyaydhjod snjaydauidg
+ + Ppoaxo0y uyspadg (061 “yoorg) snduo snjaydauidg
+ o+ + PpoD a1impirg €6/T “Yoorg viiaus snjaydauidg
+ + 1adnoin) ugySriy (0641 “yoo1g) snyvpnovus snjaydouidg
+ + + pooy0y A1omor (G241 “Tedss10q) snyvyndoasny snjaydaurdg
+ 1adnoiny payzodsayypm (0641 “yoo1g) snyvzoundoainiavo snjaydouidy

+ + + poooy [reyder (1081 “1938104) vyapoin sijoydojuydad
+ POdD0Y pueqxIg (o€t “Treddny) vynovuixas sijoydojpydad

+ + + PO0Y [BI0D (521 ‘Tedss10q) vpviu syjoydojpydad)
+ POaX0Y peay-10q (2681 “1x991g) uotidoionu stjoydojpydad

urejedeSuriog 10og PreuLd dureu Uowrwo)) Jureu dYHUIG




245

Marine Fauna - Fish

+ + + 1addeug padinsanig (S/£/1 “Tedss10) vaiusvy snuvling
+ + + [te1d[pped (621 “1gss104) snqqrd snuvlin
+ + + 1addeug pazsypayd (8281 “191AND)) Snjvssnoap snuvling
+ + + sseq pay (GLL1 "1g¥Iss104) 4vijoq snvlin
+ 1addeug jodsomy, (0€8T “souusuaeA ) Snyvndlq snuvling
+ + + ysyqo[ usaIn) 0EQ ‘SOUUSIDU[RA SUaISaA1 UoLidy
+ + + ysyqo[ L3sny 0€8T “IS1AND) suvjyns snaivydy
s1addeug peordoxy, aeprueljny

+ }Ie( 9souqnug (1081 “opadaoe) myooiq snjouryovi],

+ YS[juaany) 19sso] (G241 ‘TedISS10) Uvsh] Sap104aquiods

+ ySIjuasny) juero) 1081 “‘@padodeT SnuvIUU0SIaUL00 SIPI0LIQUI0IS

+ Iuuny moqurey (Gz81 “prewren) pue AonQ)) vpwnuuidlq s1va)g

+ + Afreaaay, a4a81g GT8T “prewiren) pue Aong) SnIvIsyfXas XuvivD)

+ + + A[Teaa1y, ugenig €8T “Io1AND) snSAduwiaus xuviv)
+ + + A[reaaiy, xoerg 0981 “A30( s1iqnny xuviv)
+ + Aqreaasy, juer) (GLL1 "1gIss104) siiqous) xuv.iv)
+ + A[reAaiy, yaaypIeg /S81 “19a31g viuavjorduid saproSuviv))
+ + Aqreasry, dippryL (Z88T 112q[1D) pue uepio() SnupL80Y3L0 SIPLOSUVIYD)

+ wnmy, (G241 “TedSs10q) snyvyanSoainf saproSuviv))

SIT[[eAI], JeprSuere)

+ + dnsyIeys §G/T “SNIRUUIT] SajuoNvU S1auaydq

Seroway aeprauaydy

+ ofmbuerg anig (1081 “opadaoer) snyvygiaog) snyjuvovN

+ + orrmbuerg [rederg 88T “YOULYDIND) S1.JS04102.4q SHYFUVIDIUIN
SaUSYI[IL aepryjuedeep

+ + + ysyreurpies Iopuois (981 ‘195931 s110v48 vIUDPQUIL]
+ ysyreurpie)) Surooydg 6061 199 SnAnjasdho viuwpquipy

+ + + ysy[eurpie)) SUIOAL] 8781 “Io1AND) snyvaurjanbuinb sniajdipojiayD
+ + ysyreurpae) 131 (1081 “opadade) uopoiovw sniazdipopay)
+ + + ysyreurpied jjom 1961 WIS $114p Sn4d3d1pofay)
o+ ysyreurpie)) Asse[o (£861 “US([V) v111aLd DIUYILID)

+ + ysyreurpie)) pa[pirm) (9681 “13091q) vioyd0.23S0Z VIUDYILY

+ + ysyj[eurpie)) pajureJ (6781 “103ueD) piwonf viuvydly
W« ysyreurpie)) aje[[ed0 CI61 “TOAIM ¢513p]1a20 shygyoodody,

+ ysy[eurpie) IOwr], PG ‘I3[ S1suaLoui] uoSody

+ o+ ysyreurpre)) sur[-A[res J 8061 “ueday sn.oydoiuavy uoSody
+ ysyreurpie)) IeqesyD) (8161 “13[MOY) 19]12s U0Sody/
+ ysyreurpre)) padinssyoeg €661 “Touyde snwsvfordiu uoSody

+ ysyreurpre)) aurdsguoy 9GQT “1o3a3ly snyjuvovidaj uoSody




G. Moore, S. Morrison

246

+ + + akasing uerenQ 1EST “ISTAND) SISUIJUNO SLIYAWI]
sofas[ng sepraydud g

+ + + ysyieon) jodsapig (T€81 ‘NPuug) vusiysoinald snauadnivg
+ + + ysijieon) papueg (Gzg1 “prewren) pue Aong)) snipsufiynul snauadnivg
+ + USIj3e0D) 3[ppespion (1081 “opadooeT) snuiosojoho snauadnivg
+ + + USIj3e0n) 1egaqno( (TEQT ‘SOUUSIDUD[RA) SLIGU]ISSVAI SNauadnivg
+ + + UsIjeon) yse(-pue-30(] (1081 “opadooeT) snutiaqivq snauadnivg
saysyjeod dePITMA

+ + + wea1qeag 24981g (GZLT ‘TeYSSI0]) SHNI0PpUDLS SIXUIOUOIN
+ + roxadwy dijmorRx 0/81 “18urzunyy SHIYI0YUDX SNULIL}aT
+ 1oradwy yeaysjodg 8/61 ‘0yeg snypmatadoriqni snuiiyja]

+ + + 1o12dwy asouduo| 0EQT ‘SOUUSIDUI[BA SNIIVALI0 SHULIYFIT
+ + roradurg padinsaduei (S£/1 ‘TedSS10) $13910S90 SnuLiY3a]

+ + + roradurg ury8uo| 0E81 ‘SeuuaUd[eA Sn4a3doayiAia SnuL3a]
+ 1oxadwy [re3mo[ex 0161 ‘918G 1UOSULYD SNULIYIIT

+ + + weaiqeag jodspion (2081 ‘@padodeT) snjvauijoainy xajuapoyus)
s1oradwrg JepIULIY}d]

+ sdizeamg papueg-enbriqO (86/1 “snaeuury) snjvaul] SnyouIL0§od]J

+ + + sdipzeamg panodg (1081 “opadaoe) saprouoposavyo snyouii03oa]q
swrearg Iojunio JepInuae

+ + wearg [OOUOA A[1es] (0€8T “I31AND) L3f171408401 S1540]00G
+ o+ + wrealrg [OOUOJA SUI[-OM], (€641 “yoo1q) vivauipq sisdojoas
+ wrearq S[DOUON ParpLig £/81 ‘S119 stutffv sisdojoog
+ wrealg S[O0UOA odIIISMO[[Px (8g61 “exeyowrey]) sisuasoy sisdojoosvavg

surearg ugpeary[, sepudydruaN

+ + 1a1isny] adrnyseary /861 “1uadie]) vawauljLi 01Sav20493J
+ + + I21[ISN] UO3N (0€81 “I91AND) 9717 0189V0049} ]
+ + II[ISN,] eUuRURg (£G81 “1031091g) Suwsid 01591904914
+ + + ISIISTL] an[g 9061 ‘O[S 2427 015V
+ + ISIISN, Teunt 0E8T “ISIAND) SLIVUN] 01SaV))

- TBI[ISN] [FeJMO[[OX (1641 "yooIg) Surun otsav)

+ ISIIST] pUueRqp[O9) 1081 ‘opadeoe vainvniavs o1sav)

SIdI[ISN] aepruoisae))

+ + + 1addeug umgyreg (281 “YIUnND) snunpds sAygyorioydwhs
+ + + 1addeug a3y p-pue-yoeg (G241 “TedSs10) 4281 10]0IVIN
+ + + 1addeug yySrupry 1E61T “IS[MO SLIV[NIVLL L0JOIVIA
+ + + yoradeag sasop (6F81/1952919) 1yjassn. snuvljng
+ + raddeug troepy (8T8T “1O1AND) snyvpnart snuvling

wrejedeSuriag 1008 PreuLIdp dureu uowruwIo)) dureu dYHUIG




247

Marine Fauna - Fish

+ + + ysyp8uy 10[0d1g (£8/1 “goorg) 4070219 a5hdo4jua)y
+ + + ysyp8uy jodssaryy, (T€8T “11AND) snyvnoviuLly shyjyonuajody
saysypsuy sepryjuedewo

+ + + ySijIsuueq pawIor] (6281 “I91AND) SNLIVQ SHYIOMIE]
+ + + ysireuueq renduig 1161 OHIPPeY pue YW SLvjnduls Sniyootuar]
+ + + ySIjIeuueg JULUUD 1EQT “ISIAND) SNUL0JSOSALYD SNYIOIUIL]
+ ysreuueg uyduo| (8G/1 “snaeuury) SnpUImNIY SHYIOUIE]

+ ysyAprenng prurers J (£88T “10%091q) sidajhjod shyjyorinviuag]

+ + ysyApreynng asouuo| (2841 “¥ouossnoig) s1.45041810] 4a81d1940]

+ + + ystg sdaoiog Q68T “T0SaINIA pue uepiof snuussiovyf 1a81d10104
+ ysyero)) papueqaduer (TEST “IOIAND)) SHUOZOSALYD UOIPDLOD)

+ + + ysyApgrenng puoqeSep §G/1 ‘snaeuury snpunqusva uopojavy’)
+ + ysyApreyng doiprea], /81 “U20[g SHIDINIvUIun uopojavyD)

+ + + ysyApIayng syppesaqnoq €8T “ISIAND) SISUFaLN UOPOFIVYD)
+ + + USIA[JIo1Ng UOIAIYD) F¢81 ‘prewrren) pue Aong) syuiosufiig uopojavyD)
+ + + ysyApgronng jodsreap 1E8T “ISTAND) winnoads uopojovy)
+ + + UsyAQjI01mg panoq GGQT “I9Mad[y UO1UIIS UOPOFIVYD)
+ YSyAjIeyng aone| 0£8T “Nduudyg 1affv4 uopozavy)

+ + + ysyArenng papueqiodg 1€8T “I91AND) s13u105pf03round uopojavy))
+ + ysyApraymg adeujodg €681 “1aa91g snjvydasfixo uopojavy))
+ + + USAjIenng ayeuI) TE8T “ISIAND) SHUIISSIUULO UOPOJIVY)
+ + ysyApronng s, 104N 1081 “ISpIaUYdS pue Yyoolg 1aAauL uopojavy’)

+ + ysyAIenng yoeqyoegq T08T “I9PIdUYDS SHJOUUD[IUL UOPOIIVYD)
+ + + ysyApreyng adinsurg $81 ‘prewren) 1 Aong) snjvnung uopojavy)
+ + ysyApIanng uoooey (co81 ‘@padaoe) vjnuny uopojavy)

+ + ysSyAIa1ng paury 1€QT “I91AND) SHIV]0IUL] UOPOIIVYD)

+ + + ysyAprenng suray 0641 "Y201g 1#uiapy uopojavy)
+ + + ysyApIanung arppes 1€81 “1o1AND) winddiydas uopojovy )
+ + + ysyApIayng uon) 1E8T “ISTIAND) SNJJIULLFID UOPOJIVYD)
+ + ysyApreymg asdipyg €8T “ISTAND) 1379ULaq UOPOIIVYD)

+ ysyArenng remdueriy €8T “ISIAND) VSSIU0IBG UOPOIIVYD)

+ s + YSyAjIoHung ugpeaiy], G//1 ‘TeSSIO v8LINY UoPoJavY )
+ + ysyApraymg aurddrmyg 0161 ‘91e3S S0Isv34a1py UOPoavYD)

saysyApgranng aeprjuopojaey)

+ + ysijreq a0eJpunoy (GZLT ‘TeYSSI0]) 14123 XVIV]

+ + ysijreg ugduo| (86/1 “snaeuury) snypuuid xvivld

saysglegq seprddiydy

+ + Pwwni] Asseig (581 “prewren) pue LonQ)) sisuardiwa snsoydhy
sIawwnI(q aeprsoyd £y




G. Moore, S. Morrison

248

o+ + J[[esIowd(] an[g (281 “prewren) pue AonQ)) vauvho viajdishiiy)

o s + a[estowa(] a3ing (8281 ‘MouuLg) 11831iumolq viajdisfiiy)y
+ o + a[estowa(] jJodsomy, (g1 “prewren) pue Lon)) vjjja001q viadishiy))
+ + + I[N [re3-a7e (FGQT “I9303[Y) VANYFUDX SIUOLYD)
+ + IS [IXe-MO[[OX (TGST “19)[3[g) LAYIOYFUDX SIUOLYD

+ + + 1N S,I2GOM QTG “Uedq pue IS[MO, 119gan SIoYD)
+ + + 19N J uaa1d-anig (0€8T “191AND) S1pLLIA S1OAYD)
+ + + IS[[NJ [TeIMO[[EMG (9G8T “I3a3[g) SISUIIVUII] SIULOALD)
+ + SIWOIYD) 1eda[qno(] (£981 “ToUIUND) StuvnoLado suuoy)
+ + + IS [TeIRNYM 6] “ISIMOL L2J1JLAUSAVIU SIUOLYD)
+ + 13N J ATedg £/81 “I99931g sidajoprda) suuoiyD

+ 1M Aowg (£161 “eseuel) vawnf siuioiy)

+ + + I[N J urpreq Q761 ‘Urdg pue IMO. SadLIIY SIU0LYD)
+ STwoIy) [Ixeerg 1S6T “ZINYDS pue ISPURDAA S1PL0392d113Y S1UL04YD)

+ + + I9[NJ UoqUIy (S/8T “19¥991g) S1SUUIOqUID SIUOAYD)
+ + ysjauowsuy a8ueI) TL6T “URITY soutovipuvs uotidiyduiy
+ YSgauowauy YUl J GGQT “1xaa[y uoiwiapriad uoridiyduyy

+ USIJoUOWBUY UMO[D) UISISIM 0€8T “IS1AND) SLIV]1200 uoridiydury

+ ysgauoursuy yoeqyoerg 7681 “193991g sndouvaw uoridiydury

+ + + USIJoUOWAUY §,31e[D) (0€81 ‘N2uUuag) 1y4]0 uotidiydury
+ + + Pswe A[RPIRITYM (P81 “103991q) 4a351800m3] UopoprydA1SAIquLy
+ + + [esure uroydeig (£8£1 “yoo1g) ovovina uopoprydhiShiquiy
+ + [esure(q Uap[on) (08T “191AND) Snainy uopopiydhiShiquiyy
+ Mg Aurdg (68T “193[991q) snypuvovhjod S04y UVIy

+ o + jueadIag olyIoeJ-0puf (Gz81 “prewren) pue AonQ)) sisuardiwa fnpfopnqy
+ jueadiag papueqg (0€8T “101AND) snywiosufiuaidas npfopnqy

saysyasure(q Jeprijuadewo

+ + + ysypsuy reday (2241 139eppoyg) snyjuvovip sajdoSAJ
+ + + ysyp8uy pueqxig (TEQT “ISIAND) SNIVLIISXIS SHYFUDIVULO]
+ ysypduy anig (TEQT “IBIAND) SLVINIAIIIUIS SHYFUDIVULO]

+ + + ysyeduy arpardenyg (TEST “IIAND) SHydVAVU SNYJUVIVULO]
+ + + ysyeduy roradwyg (£8/1 "yoo1g) 4ogvdaduuy snyguvovuiog
+ USIJ[o8uy 93e[ndIuLIsp (£81 "yoo1g) snonajosaus snjdojuopojovy’)

+ + ysyR3uy o[eds[Ies (cGg1 “1952919) Y1040 a8Adoiua))
+ + ysypduy s[oyLay (T€8T “121AND) U201q17 98Ad043U))
+ + ysyRSuy [re1aiym €61 “TouunIg-1aser] vpnvolavyf a8Adojuad)
+ ysypduy s,pqrg €961 ‘Zrmasnery| g1 a3Adoijua))

+ + + Ameag e10) (0981 “TIUND) vsourdsiq a8Adosjua)d
urejedeSuriog 10og PreuLd dureu Uowrwo)) Jureu dYHUIG




249

Marine Fauna - Fish

+ + + ysipymer] oKo8ury (6281 “IS1AND) SNJVOUY SIFIYLLIIVID]
+ ysgmer] asouduo| /G681 ‘193931g sndhy snjyuidhxQ

+ ysymeH papodsaiym (T08T “TopIouUYdS 29 YO[g) Snjvjnuuid snjiLir)

+ + + ysipmer] papodg (5681 “193931g) smpydaohxo shyzyorziyiin))
soysyIMeH EPHIYLILD)

+ + + £108010) Asnq (1081 “@padooe) suvoridiu sajsvdag
+ + + K1083315) dyIOR] (6881 “AqQ[T80) snyvjorosvf sa3sv8a3g
+ + + [osure(] $SadULL] 9061 “[eag pue UuepIof §niva SHAUIIVIUO]
+ + + [eswre(q aurddrmyg 2061 “9[eag pue uuewrIaAy snuiddipyd snijuadvuiog
+ + + [esure( urdreunyoerg €61 "US[[V SMIBULSIVUOLEIU SHAFUIIVUO]
+ [esure( yoeqpioo CT61 “TOQRM SHUVULOLEIU SHAFUIIVUO]

+ + + [esure(] uoura| €GQT “IOMID[Y SISUIIIMN]OUL SNAFUIIVIUO]
+ + [esure(q Aeog |Z6T ULdq pue I9[MO, sAuadoprda) snijuaovuiog
+ [esure(q jodsenig QI6T “TAMO] SNyoUAIOUIYAS STJUIIVULO]

+ + + [osure(] UodaN 1061 SIeIS pue UepIof s1759]a00 SNAFUIOVUO]
+ + + [PSure(] [re3dy M 0€8T “IBIAND) SHANSALYD SNAFUIIVIUO]
+ o+ + [Pswreq papyoads €GQT ‘1IN SISUIUVYUVQ STIJUIIVULO]
+ + Psure A[2qpoo 1661 “USI[V SLUILINY SHAJUDIVUO]
+ + [esure uoqury Q9QT ‘I SISUIULOQUIY SHAFUIOVIUO]
+ + [esure( 21ndsqQ 1661 “USI[Y SH[OPY SHAJUIVUO]

o+ + [Psuwreq puegaym (6581 “13991g) Snuozoona) uopopiydhiSo419a1d
+ + + [Pswre(q [omaf (#281 ‘prewren) pue AonQ)) snjviuhion] uopopydhi8043oald
+ + [Psure(q uoisuyo[ ¥C61 ‘I1ed pue 1a1mo, snuvimoisuyol uopopiydhiS043001q

+ + + [eswe(] s o1 (6€81 “preusr) uyorp uopopiydhjo4ioalg
+ a[[esIows(] 1239y (9681 “103(091g) Sououvha snijuaovuiodoaN

ot + J[OSIOWA(] [TeIMOT[OX (££81 “195991g) U04shzy SNAJUIIVUOAOIN

+ [9Swre(] ddeyIRdg (0€8T “191AND) StioLSIU UopopydAISoaN

+ + [esure(q yoeg (0€8T “191AND) Swjau uopopiydhiSoaN
+ [osure(q IS1[IST] (9681 “19%931g) vuosouadp; snShzopida
+ + + [Pswreq uooe| (2681 “19991g) uodviauorSvd uopoprydhiSuuagy
+ + + [9sure peayAuor] (g8t “193j991q) vruavjodsosd snpogsiyosi
+ + + [esure ATYM (0€81 “131AND) snywppordsiad snpogsiyosy
+ + + Snqung] jodsaary [, (6281 ‘1reddmy) snjpmovwiriy snjjhosv(q
+ + + Snqunp] pueqpesy] (9981 “uospreydry) snjpnoya4 snjjiasv
+ + + Inquingy papueg (86/1 “snaeuury) snuvnip snjjhosvq
+ S[[estows(J peayanig (1961 “KonTyM) 1puvjjos vidydishingd

+ + d[[esIow_(] YUl (606T “TOPAUS) xa4 vi23disAIY D)
+ + + J[eSIOWd(] 2INZY (S161 ‘199 ) vauvhonuay viaidishiiy)
o S[estowa(] Aa15) (0€8T “191AND) Yonw]S vadydishiiy)




G. Moore, S. Morrison

250

+ + + ISSBIA\ PUBGDAL] (2641 “yoorg) snyviosuf snumASuuar]
+ o+ + asseip jodseary, (€81 ‘prewren) pue Aong)) SHIYNIvUILLY SAIOYIVE]
+ asseipy SezSiy (2E8T “Nouug) stwndvas sa1a0yd1vE
+ + JSSRIA| SUOJOM], (cGg81 “195(091g) Uotadoso.d sataoydnvE]
+ ISSBIM [RIUWERLLI) (£98T “12118D)) SNIUISSIIVULO SILI0YINVE]

+ asseIp pnorD (6E8T “SAUUDIDURBA ) SNSOJNqaU S0y VL]
+ + + 9SSBIAA S,USA301 (TG8T “I9931g) sninuvjoul saLa0yolvE
+ + + asseip Aysn cegr “rreddmy smypuSivw sata0yonvEy
o+ o+ asseip Apresg (6EST ‘SOUUIIOUDRA ) SHAIVJLIVSIVUL SALIOYINIVE]
+ o+ + ISSBIA PIeOqIaNdaYD) (1081 “opadooeT) snuvjniioy saiaoydnvy
+ + ISSBIA USP[OD) 1861 “[Tepuey snshiyd saiaoyoyvy]
+ + 9SSBIA 949-9s[e] 0961 “ZINYDG SNJV]12001q SaLI0YINVE]

+ + + asseIA dsoupiig 1081 ‘@padode sniiwa snsoyduior)
+ + + asseip mel3urg (041 “sefred) 1o3vipisur snnqidq
+ ISSBIAA SFTUY (FEQ1 “prewrren) pue LonQ)) snjxajovid sagnjouh

+ + 9SSBIA pojeSarIes (£G8T “19)991g) sisuanjvq S0
+ + + ISSBIM UMO[D (F281 “prewres) pue Aond) pawuwis s1i0)
+ + asseip [re3jodg (FE8T “prewren) pue Aong)) vjnovuiIpnDI S10D)
+ + + ISSBIM PIYDIOIqPY 1081 ‘@padooe] yndhv s1ioD)
+ + ISSBINA S,9TUUO0D) €861 “US[TV vi3Aia3dy vjjamuuo)

+ + + ISSEBIA S,[[epuey] G66T “UB[[Y LIVPUDL SNAQU]IYLALD)
+ + 9SSeIM ausinbxyg /S61 “qIrwag snjisimbxa snaqujiia)
+ + 9SSBIA dpIsan|g (1681 “193991g) vanajdouvhs sniqupyiii)

+ asseip asoudieyg (GZLT ‘TedSSI0q) Stutau1 011ay>)

+ + + 9SSeIM LIoey peaydungy Geg1 ‘1ddmy snypnpun snuipay)
+ + + 9sseIp LIORAl [re3ordriy, 1081 “@padodeT snyvqojiiy snuiay))
+ + + ISSBIA LIORJA] }SEIqPIY (1641 “Y201g) Sngwiosuf snuijiay>)
+ + + 9SSBIA LIORIA] [RI0[] (1641 “Yo0[g) snin.iojyo snuijiay))
+ + ysyy3iJ osdipyg (T0ST “19pIRoUYDg pue Yoo[y) XvL0y10Saul SHUvIpog
+ + + ysy3i seuel (1081 “opadaoer) vuvip snuvipog
+ + + ysyS1 [e10) (cest Nouuag) suijixv snuvipog
+ + + ISSBINA ISEIIqMOT[OX 9GQT “Ioxad[q 113S1m] sasdwvuy,
+ + asseip papyoadg 0FST ‘Seuuamua[e) sapLi8vajau sasdwvuy,

+ JSSBIM puoweI(] 6281 “Treddny snyvjoundoaniavo sasduwwuyy

aepriqe]

+ epnoeriieq jeain) (2641 “wineqrep) vpnoviivg vuavifyds

SIJ aepruaeifydg

+ + + USIJ[MEL] Pa[ooL] (TOST “IOPIOUYDS) 14975.40f SaJYAIIIVIV]
wejedeZuriag 1008 preuLdn dwreu uowrwo)) duIeu dYHuUdIdg




251

Marine Fauna - Fish

+ o+

+ + + + + + o+

+

+ + + + + +

* *
T+ + s+ o+ o+ + o+ o+ o+ o+
£ ¥

*
£

*
+

A T S S S

+ + + + + + + o+ o+

+

+ + + + + o+ + 4+ o+

+ 4+ 4+ 4+ + + 4+

+ + + +

saruud[g
IDAI(] pueg juedarg
SIdAI(] pues

ysyqnro

UsyqnIo ypnss[qnog
ysgqnio) jods-puesoy,
Usyqnro reppoerg
ysyqnio peayiodg
saysyqnio

9SSBIAA dUI[R[qNO(]
9SSBIA I9ppe]

ISSBIA UOQqLI-PaY
ISSBIA UOON

9SSBIAA S,udsue(

ISSBIA TBgXIS

3sSeIA peayen[g
ISSBIN YBOLISIDA[IG
ISSBIA SUI[USN0Ig
asseip jodspay
asseip ondLD

9SSBIA YIO0J[ASTYD
asseip aurydig
9SSBIA UI[XIS

asseIp adLnsur
ISSBIM I9YSE[] UJMO[[OX
9SSBIA LIORIA [re3dury
9SSRI LIORIA] SUI[IS[OIA
9SSBIA LIORIA I9PUD[S
asseip 1die)

asseip, predoa ayeur
asseip, predoa yoerg
asseip predoa
drppqny, 3oeqMmo[RX
diqny, yajofqrer,
ysygraues)) jodsisearg
YSIJIaUea[D) UOWWOD)
YSIjIaues[)) I0[0d1g
ISSBIM SUIPUQ

9SSBIA I9PUDIS [9ISE]
asseap dippary,

aepITuua[g

$861 ‘OUIYSOX pUe epeWIIYS SUn8aja SnJoUoyILL
deprjouoydIIL,

‘ds swuadviv g

$861 “ITepuey] vivordinut s14odvivg

(0981 ‘TYIUND) vivgoundappu s1iadvivd

(6281 “191AND) VLvIydoxay s1oadvivg

0161 “AqIr8Q vaviy3vpo sosadvivg

aeprpadmSurg

$S6T ‘I[RYUSICIN PUe ZI[NDG viv1osufoqiy v]jaioujop
(1081 “opdpoer) jungpqojriy vuiossvivy |

(6£81 ‘Mouuag pue Aeq) wnjvjjeanbuinb vuiossvviy T,
(8G/1 “snaeuury) aivung vuossvivy

(96871 “195991q) 1uasuvl vuiossvviy T,

(6781 “N2UUg) IIMpLvY DULOSSVIVY ],

(9681 “19%031q) winjuydashjquiv vuiossvvy |,

(T€S1 “NPUURG) L23ua01 31138 S1Nlol21S

(1681 “103j091q) vidn.iiapur synloyjass

(1681 “xo3}201q) stsuauvpuvq sinloya)s

1861 ‘[repuey] snydhio sn8oSoiasq

(P81 ‘SPUuUSIdUSeA ) SHUPIONIOUL XUPOPNIS]

1061 “SUIUS[ 111av10320 SHUL[1aYI0PNIS

(£G81 “193[a31g) VIUIVIVXIY SNUI[IdYIOPNIS

€061 “UUBWLISAT PUe URPIO[ SHPILDQI SHULIIYIOPNIS]
6661 “US[V PUe 1N Syvuvlav)f Snunjiayovivg
(££81 “s39011G) snjvmasvfiun snuij1ayohxQ

(1081 ‘@padaoeT) snumwi8vip snuijiayshxQ

(£G81 “195991q) SN21qa]20 snuljaydIAxXO

(1081 “opadeoeT) snunoruavy sAyjyormovaoN

8/61 “ITepuey snjvu.io uopoSufivydoloviy

T€61 “QLIDY] S1SUas0LSau uopoSuhivydoldvin

(6€81 ‘souuaIdUd[eA ) S148v3]a1u uopoSuhivydoldviy
1861 ‘Irepuey vjouolyjuvx sisdoiquy

TE6L WPTWIYdSG 1aquuvut stsdoiqu]

G/61 ‘103uridg pue [[epuey] sypi039ad sapr04qu]
(€8T “SoUULIOUB A ) SHIUIpILILD SIPLOAGYT

8T61 “Uedy pUE IS[MOL] 40]001q SIPI04qU]

(£¥81 JoudydIND) snyvaujiun shyjyoriquy

(1081 ‘@padaoe) snyvijop snsouwhSojor]

(1621 “goo1g) sniagdvjaw snuASuag]



G. Moore, S. Morrison

252

o+ £qoD snyyiqe) ds snjjqu)

+ + £qooy diym eag o ds sdouruvfiig
+ £qooy ake-a1ding G861 “uosie suvipu sdouruvhiig

+ £qoo) A11e38 0¢s1 ‘Tredday snyvjoundnuas xAiadoriaisy

+ + + £qoo) parreqairyp (£€81 ‘sauuamduarep ) vuavivyd sniqodhiquiy
+ + + £qo5 L1015 PIO (0F61 “Konrym) piofurvs smqoShiquiy
+ + £qoo) ewrel4 g (SP6T ‘D11 snuinjoou sniqoSAiquiy
+ £qoo) yojeyssord (GG8T “195991q) snyvssnoaap sniqodhiquiyy
+ + + £qo8dwriyg Apun8ing (££61 “To0qqnT pue UTunjo ) 1ajaaym stijoajahjquiyy
+ + Aqo3dwriyg zyuraig (FL61 “Zyimasnery]) 1z1u1d1s S140910R1quiy

+ Aqo3duryg 3sayaoerg (8¢6T “191MOY) vjv3ng stijoajahiquiyy

$91q0D 2epIIqonH

«t jouoe1(] S[qIeN (0441 “sefred) snawjjaoo sndoiyoufsoan

sjauoSer(q Jeprwiuorfe)

o UIJodI |, POPOOL] S[HI'] 0961 “Ne[qUISOY] (VI1Yd VIBLS0I[IE]
o ugeary [, AwdA g 0961 ‘ZINYDS ;snuvu snidAiajdvouny

ot UaaI ], peayoe[g $66T ‘@11 avuos.v] snidhiodvouuyg

sugardiiy, seprigAraydAiy,

o ot Auuarg dre8urig Q06T “IOPAUS ;SNSONULS SULIDIDS
«F Auuarg s 1ouzieq z661°uieq riouzipd 1o suLwys

o4 + Auusig papueg (98£1 “yoorg) snyvrosvf svrivjvs

+ Auuarg -ds svrvvg

o Auusg roddoysyooy ‘ds smuuajqopquipy
+ + + Auuarqdue] ouerg (£G81 “193091g) vutosouadvy sniuaio18v]J
+ + + Auusq3ue padinsanig (TS8T ‘1939314 SoyouAy LUl SNIUILIOLED]]
+ Auuapg yj003a1qeg peayioys (9¢81 “souuaIdUB[eA ) Sda2102.4q S2141950490]

+ + + Auuspq8ue, jodsaury (9€QT ‘SOUURIDUS[RA ) SAISTUUDLE SNYFUDIVIIIN
+ + + Auuspq8ue, ysepig (£/81 “IOYIUND) SIUSIOPOLID SNYFUDIVIIN
+ Auualg yiooyquo) -ds smiuasog

+ o + Auua(g Y3003quIo) S,I9Pa0Idg 9761 “1o3uridg pue ASUULNDIN 149pa04yds SNIUasI
+ + Auualg yjooyquio)) 10[0d1g (8881 “Ae(q) 4070319 smuasq

+ + + Auualg yiooyquio)) s,us[[y 8861 ‘1odurxdg 1wajp snuasog
o+ Auualg snojuswre[i] (2481 “Aea[drIN 29 SUAS[[Y) Snsojuauv]yf sa39ad14410)

+ + Auuarg joodepry, ‘ds sapoadiii)

o o 1addysyooy payeansang (9¢81 ‘sauuamouarep ) snuvyjydoriad vjjauualg
+ Auuarg Aysnq (gt “rroddny) snosn/ surivwsoisy
o Auuarg ‘ds sprivsoizy

+ Auuarg soue (9€8T “SOUURIDUS[BA) LIANUNSSHY SHIUOPLASY
wrejedeSuriag 1008 PreuLIdp dureu uowruwIo)) dureu dYHUIG




253

Marine Fauna - Fish

+ + + +

T

+ + + +

+

*t

+ 4+ + +

ysyuoading paurpnig
USIyuoading an[q-19pmog
YSguoa3ing [ousJ
ysyuoading sre(q
ysyuoading

£qoSyre( eiqey
KqoByreq akausain)
Kqo8yre(q jodsirey,
£qo8yreq morry
£qo8a1r] pay

saysylreq

191381 1E3[D
s191831IM

£qo81apr[H pueqanig
£qo8iap1[0) jodsxig
Aqo81ap1o) a3e[[e00
£qo8Aw3L J par-a8ueip
Aqoo) aks-qer)
Kqo8yoay parreqjrey
£qo8ysoyn

£qoo) exoydojfig peaypay
Aqo3dwriyg desayrypn
£qo3pueg payodsadueip
Aqo3exo) paurPiym
Kqo8Te10D) aur[eAr]
Kqo8e10D) moPx
£qo8pueg jodsiapnoyg
Aqo8pueg

AqoSpueg

©lo1AY

BJOIAY pue[suaan()
©JOTA UGITe
£qo8dwriyg eoreSue]
£qo3dwriyg 201911
Aqo3dwriyg jodsiaafig
Aqo3dwriyg req-x
Aqo3dwrryg morpx
Kqo3dwriyg papjodsanig
Kqo8pueg 1ayserg

(8G/1 ‘snoeuury) snjvaul] SNANYJULIY

TE8T “NPUUSY UOULIIS0INI] SHANYJUDIY,

GEQT “SOUUSIDUD[BA LIJIUNSSHY SHANDYIUVIY

GEQT ‘SOUUSIDUD[RA 11120]q SHANYIUDIY
epLnyjuedy

(861 “ISIMOY) 14qaz 51470912423

(9681 “195[091q) Stdajoonu S1430]2423

(GG8T “1%a91q) viaidoiazay 1430912491

(gz61 ‘sqqny pue uepiof) sap1aa 1410919493
QC6T “IS[MO] VIYIUSVUL S14J03]2JVULIN
ePIWSIPOIIIIA

(9061 “a1eaS 29 UepIO[) SNV SNUYISIUIY
depruryjsruay

(781 “¥oU0SSNOIY) VIVSLLIS VIUUIIUI[VA

(££8T “souuadULeA ) DjVIINSXIs VaUUIIIUI]UA
(6€81 ‘Nouuag pue Ae) siuuidiSuo] vauuarouajuA
(6761 ‘18eLoy) avmpuiyo vuiuLL]

£L61 "US][V PUe 9830 Snjv[[ad01q sniqoSiuss
(£E8T ‘sauuaouare ) vivijop1uas s1dajotid

“ds vhAnisona)g

(0g81 ‘1odday) snpydasounyoa uopoiqoSvivg

0961 “ZILMIsNery] USo1vL8 vi]1307]

(€61 “a110H) snij181L Sn1qosHs]

PP61 ‘1Mo snuypyjydopids uopoiqoo

(££81 “sauusmuarep) snjpdrigsanbuinb uoporgqoo
TL6T OV PUe Te1y ‘Dprmus vmuuiyo uoporqoo)
(1681 “13931q) sisuataluv sidajoyjpusy

“ds sidajorygpus

‘ds sniqoSisn

‘ds vjo10g

26T ‘KoY M vorpuvisuaanb vioraq

9061 ‘@[eag pue uepiof sajisvid vjolnq

/261 “utun[oJ pue ypoqqn 1w04vduvy sdoiqodouaD
Z/61 “utunjo pue xpoqqn snjnaotaf sdoiqoSoua;)
(GG61 “TrourwInO,g) snsopnovui sdorqoSouasD)
(£981 “ToyIUND) pue irejhe|J) snavrosvf snijuadoidfii)
(9€6T “OIIDL]) SNFouId SnAjuadqdhLy)

(SE6T “DLIDL]) SMIVINIVUI0A]NAIVI SNIFUII0IANLD)
8861 “BYIqQ pue S0 siuuidiudis sniqodisng



G. Moore, S. Morrison

254

s1opunoy] a£91Jo] aeprylog

vt ysyyreg (T6LT ‘TOPPON pue meys) sniajdhiypid snioydorss

SUITIEIA aepuoydonsy

v+ vt euny, UMO[[ox (88/1 “o11932UUOY) S24D00q]V SNUUNY T,

+ + euny, yj00330( (9¢g1 “Troddny) 1ojooiun vpivsouuficy

+ [9I3DEIN pedS (9¢81 “Troddmy) snyvauipg snuhsiogpuupic

vt 00UBM (TE8T/I81AND) LIpUY]OS WNIqRIoYIUDIY,

S[RIRIA epLIqUIOdG

+ + + 90EJX0] (SHQT “IB[MIN pue [98a1Yds) snuidine snuvsig
+ + + ysmpqaey panodg (1081 “1p1auyds) snypjound snuvdis
+ + ysijqqey payodsaury 661 “Uedg pue I9[MO, Snuissipiound snuvsig
+ + + Usyqqey paxseN (zs81 ‘P8a1YS) snjjond snuvdig
+ + ysytqqey pautpnig 0€81 ‘191N snjvijop snuvsig

+ + + ysIjqqey 1e10) (GEQT “SOUURIDUD[RA ) SNUI[IPL0I SHUDSLS
+ ysyaqqey [repfioq (Gzg1 “prewtes) pue Lon) snajuadiv snuvsis
saysgirqqeysaysyrqqey aepruedig

+ + + [OP] YSLIOON (86/1 “snaeuUTT) SNINUL0D SHPPUVZ
S[OP] YSLIOOA] aeprpuey

+ + + Suey uyyreg (4641 "yoo1g) winiafijon vuiosvigaz
+ + + Suey umoig (6281°191AND) S1d00S YUIOSVIQI7
+ + + ysiyuIodtun) asoudig (GEQT “seuusIdURIRA) 1LSUIUD]Q 0SUN
+ + + ysiyuzodrun) aurdsenig (G241 ‘TeYSSIOT) S1UA01UN OSUN
+ + ysyyuiodrun) peaydwngy 1081 ‘@padooe snsoiaqni osuN

+ ysguzodrun) surdsauQ (68T “souuaroude) ) saprouuhiyy 0SuN

+ + + USIJUIODIU ) UMO[D (108 “191S10,) Snjvini] 0SUN
+ + USIJUIOdIU() Yo9[g (GG8T “193[a91g) SNYyFUVIVXIY 0SUN
+ + + USIJUIOdIU) PIYDIO[GIdATIS 2661 ‘1194 Pue [[epury] snisavd 0SUN
+ + + ysiyuIodtun) paypods (GEST “SOUULIDUS[RA) S1415041004q OSUN
+ ystyuzodrun) yoeqdwngy (GEQT “SoUURIdUDIRA ) UOLFUIIAYIVIG OSUN

+ + + U300333SLIg paur] (Gz81 ‘prewren) pue AonQ)) SnIvLLIs SNIIvYI0UILD)
+ + 3003373S1Ig 9KMO[[OX 100 ‘SIUSWAD) pue [[epuey snjiaysouvhs snjavyaouasd)
o + USIyuoa8ing 3o1Aauo)) (86/T “snaeuury) snajsorij SHANYIUVIY

+ + + ysyuoading JySiN (Sz61 “191MOY) 1uosduioyy sninyjupdy
+ + + USyuoa8ing oIy FE]T ‘ZIITY sniafosd sninyjuvay
+ + + ysiyuoa8ing yojogadueip T08T “I91SI0] SHAOVALO SHANYIUVIY
+ + ysguoafing Axsn(y (G241 “TedSs10) SnasnfoiSiu snanyjuvoyy
+ + + ySjuoading aurpAg 661 “TYOIN pue IoXdun(] vpnvdtiSiu Sninyjuvdy,
+ + + USIjuoading 19AoA (86/1 “snaeuury) suvoLLSiu SHANYIUIY
urejedeSuriog 10og PreuLd dureu Uowrwo)) Jureu dYHUIG




255

Marine Fauna - Fish

19% S[[03® [[e 1240 s3rdads Jo Iaquinu [ej0],

/9T /8¢ €6T sroje 1ad sardads Jo raquunu [ejo],
+ ysyaurdnoioJ paydio[goeg FO8T ‘MeYS SNS04nj1] uopoi(]

saysgaurdnoiog aepryuopor(q

+ + + £qog, s,1opueog (FH81 “uoSpIeYdLY) LIPUDIoS 423SESIYIUDD)
+ AqoJ srppesyoeg (1681 “193[091q) 1u1FU[VQ L2ISLIIYIUDD)
+ + RN A1reig (1081 “I9pIauULdg pue Yoo[q) Snjvjjais uoiyjoLy

+ + + 15 papodsyoerg (1081 “19pRUYdg pue Yoo[g) snivpoundoi8iu uoiyjoly
saysypeoy, aeprjuopoer}d],

+ + ysiyxog oeg 961 ‘MBS SLLEVIaLL UOLIVIISO

+ + YSIJX0g MO[[IA §G/1 ‘SNaeuUr SNIIqnI U01IvAISO

saysyxog aeproensO

+ + ysyor] umbayprery (T08T “19pRUYdg pue Yoo[g) SLi3Sos8uo] SnyupdvuouixQ

+ USIJI[L] d[ppesyoerg (1681 “x193j931q) Snanuorid saiagnipv

+ + joxoelIayjea] quIOdASUOL] (£¢8t “Treddny) sywpivd saunyuayiuv)

+ + + Jo3OelIayIea] paymeIdg (S9/1 “[03qsQ) snydrios sniaqnryy
sjadel1ayea] JePIYIULIEUOIA

+ + ysy1a3311y, adins-adg (1081 “Tep1auydg pue yoorg) wniajdosiyd uawvyng
+ + + ysy1a33LL, pryred (L08L “I9pIoUYdG pue Y20[g) vsing uauilffng
+ + ysy1o831iy, uerremery (86/T “snovuury) $ngwajNoY SNYFUPIIULLYY

+ ysy1a381y, urdrewrmoRx (6281 ‘1oddny) snypur8ivunav)f sajsivqopnasg

+ + ysy1o3311], Y3001pay (zgst “Troddny) 4281 snuopO
+ + YsyIoSSLIL, [repjuld (GF81 “uospreydny) vnpia shypdio

+ + + ysy1a33Lay, Soerg (98L1 "YoOIg) 42811 ShygyoaN
+ ysyre33iiy, panodsayym (98/1 “Y201g) SnIvnovuL SuLIdpIyIUYY)

+ + + ysiy1a83Liy, ueyry, (1081 “I19pRUYdg pue Ydo[y) SuassapLia saproisyvg
+ ysiyre38Liy, umor) (1081 “19pRUYDg pue Ydo[g) wnjioidsuod saproisyvg

+ + + ysy1a881y, adinsaguerp (£6£T Sred) smyvinpun sndvisiivg
saysyI1a3311], aepnsifeq

«t I9pUnNo[] A19MO[] 781 “¥OUOSSNOIg SNIUvLL SNY30q




Guide to Authors

Subject Matter

Original research, reviews and observations in all branches
of natural science and human studies will be considered
for publication. However, emphasis is placed on studies
pertaining to Western Australia and neighbouring
regions. Longer papers will be considered for publication
as Supplements to the Records of the Western Australian
Museum. Such publications may attract charges to the
authors to offset the costs of printing — authors should
consult the editors before submitting large manuscripts.
Short communications should not normally exceed three
typed pages and this category of paper is intended to
accommodate observations, results or new records of
significance. All material must be original and not have been
published elsewhere.

Presentation

Authors are advised to follow the layout and style in the
most recent issue of the Records of the Western Australian
Museum including headings, tables, illustrations and
references. When in doubt, use a simple format that is
easily edited. Please provide line numbers throughout the
MS (e.g. in Word go to File » Page Setup » Layout (tab) »
Line Numbers (button), add line numbers and click on
“continuous” numbering).

The title should be concise, informative and contain
key words necessary for retrieval by modern searching
techniques. An abridged title (not exceeding 50 character
spaces) should be included for use as a running head.

An abstract must be given in full length papers but not
short communications, summarizing the scope of the work
and principal findings. It should normally not exceed 2%
of the paper and be suitable for reprinting in reference
periodicals. At the end of the abstract, provide several
keywords not already included in the title.

The International System of units should be used. Spelling
should follow the Concise Oxford Dictionary. Numbers
should be spelled out from one to nine in descriptive text;
figures used for 10 or more. For associated groups, figures
should be used consistently (e.g. “5 to 107, not “five to 10”).

Systematic papers must conform with the International
Codes of Botanical and Zoological Nomenclature and, as
far as possible, with their recommendations.

Synonymies should be given in the short form (taxon,
author, date, page) and the full reference cited at the end
of the paper. All citations, including those associated with
scientific names in taxonomic works, must be included in
the references.

Manuscripts

Manuscripts should be submitted electronically as PDF’s
or Word files to the editors (listed below). For manuscripts
with large image files, submission of a CD is acceptable.
Manuscripts must be 1.5 or double-spaced throughout.
All margins should be at least 25 mm wide. Tables plus
headings, and Figure legends should be on separate pages.
Tables should be numbered consecutively, have headings
which make them understandable without reference to the
text, spell out generic names and be referred to in the text.

Figures

Lower resolution images can be inserted into a PDF or Word
document for review. Upon acceptance, high resolution (6—
10 Mb) images in TIFF or JPEG format can be e-mailed or

burned to CD and posted to the editors. We prefer TIFF files
for figures. For Adobe Illustrator and Sigmaplot, save in
.eps (encapsulated postscript) format; for PowerPoint, save
in . wmf (windows metafile format); for Excel, save as Excel
97 worksheet (must contain spreadsheet and embedded
chart); and for CorelDraw, save as an .eps file that may be
opened by Adobe Illustrator.

Scanned photographs should be saved as TIFF files. All
TIFF files should be compatible with Adobe Photoshop.
If figures are prepared in a paint program, for black-and-
white line art save at 600 dpi as a black-and-white bitmap
(not greyscale or colour), and greyscale and colour line art
at 300 dpi.

Scale must be indicated on illustrations. Use arrows or
other aids to indicate specific features mentioned in the text.
All maps, line drawings, photographs and graphs should
be numbered in sequence and referred to as “Figure” (no
abbreviation) in the text and captions. Each figure should
have a brief, fully explanatory caption.

References
In the body of the text, references should be cited as follows:

McKenzie and colleagues (McKenzie 1999, 2000;
McKenzie et al. 2000) found that bat frequencies were
highest on full moons, contra previous workers (Smith
and Jones 1982; Berman 1988; Zucker et al. 1992).

For citing taxonomic groups and the author, a comma
occurs between them:

The family Carphodactylidae consists of Carphodactylus
Smith, 1999, Nephrurus Jones, 1999, Orroya Couper,
Covacevich and Hoskin, 2001, Phyllurus Sprong, 1888
and Saltuarius Hammond, 1901.

All references must be cited in the text by author and date
and all must be listed alphabetically at the end of the pa-
per. The names of journals are to be given in full. Consult
a recent edition of the Records for style. For taxonomic
papers, include full references for all taxonomic groups
mentioned in the text. In manuscripts dealing with histori-
cal subjects references may be cited as footnotes.

Processing

All manuscripts are reviewed by at least two referees whose
reports assist the editors in making their decision whether
to accept the paper. The review process usually takes from
two to three months, although the review process and
typesetting for longer manuscripts and supplements are
usually longer.

The corresponding author is sent one set of page proofs
electronically which must be returned within one week
after receipt.

All authors will receive a PDF of their papers and a
print copy of the entire issue.

Editors

Manuscripts can be submitted to either Paul Doughty
(paul.doughty@museumwa.gov.au;  human  studies
[anthropology, archaeology or history] and vertebrate
animals) or Mark Harvey (mark.harvey@museumwa.gov.
au; invertebrate animals).



W woodside
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