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Executive Summary

A review of fish in the recent Western Port ScieRewiew (Keough et al. 2011) concluded that
fish assemblages associated with seagzastera and mangroves were relatively well studied,
but assemblages associated with alternative halsiteth as seagragsnphibolis the alga,

Caulerpa reef-macroalgae, rhodolith beds and sedentaerielirate isolates were poorly known.
This meant that, given the vulnerabilitydsterato declines in periods of adverse environmental
conditions, the ability of fish species to utilikese alternative habitats, and therefore whether
these habitats could act as a refuge habitat indbke oZosteraloss, was also unknown. As a
result of this, the Science Review recommendedidleaitifying the linkages between fish and
alternative habitats was a high priority researebdifor Western Port. A secondary objective was
to better understand and refine the marine assasareviously identified for Western Port from
the perspective of fish biodiversity.

Two primary methods were used for sampling altévedtabitats. Underwater stereo video was
used to sample habitats with higher water clanity &n some cases high-relief bottom:
Amphibolisand reef-macroalgae in the Western Entrance sdgmersedentary invertebrate
isolates and rhodolith beds in the Rhyll segmemnniAi otter trawl was used to sample habitats
with low water clarity and low relief bottonCaulerpahabitat near the eastern coast of the Rhyll
segment and aldBaulerpahabitat and a referen@esteralocation north of Hastings in the
Lower North Arm. Underwater video sampling in the$tern Entrance segment was conducted
in autumn and spring 2012, while the remaining damgpvas conducted in spring 2012 and
autumn 2013.

The results showed that species that have preyitwesln found to be common Ziostera

seagrass were also foundGaulerpahabitat, and to a lesser extenAimphibolishabitat. Most
species were able to utilise different plant habitdthough some were more specific, such as the
Weedy SeadragorPbiyllopteryx taeniolatysthat was only recorded ismphibolishabitat.
Multivariate analysis indicated that fish commurstyucture was very similar betwe€aulerpa
and previously published results bostera as well as the reference sub-tidakteralocation.

One distinct difference, however, was much higlemalances of pipefish bosterahabitat,
supporting previous studies showing that syngnatpréfer seagrass ov@aulerpahabitats.
Although there was significant overlap of specie®agst sub-tidaZosteraand the alternative
plant habitats, this may not be the case for sitedissociated with intertidal and shallow sub-tidal
Zostera(which show differences from those in deeper sté-Zosterg because these alternative
habitats tend not occur at shallow depths.

The presence of many fish specie€aulerpaandAmphibolishabitat that have been previously
recorded irZosterahabitat suggests that these habitats may providauge for these species in
the case oZosteraloss. However, evidence from commercial fish cascfter the majoZostera
decline in the mid-1970s suggests that speciestapéutilising multiple habitats still showed
significant population declines. This may be paetkplained by the larger areafdsterahabitat
relative to the alternative habitats. For examipédyitat mapping in 1999 indicated tiZaistera
covered an area of approximately 100°ladompared with 20 kfrfor Amphibolisand < 10 krh




for Caulerpaalgae. Additionally, however, the depth and lamabf alternative habitats may not
be as suitable for larval settlementZasterahabitat. Many of the juvenile fish in the alteimat
habitats may have initially settled Ziosterahabitat. Thus, alternative habitats may providaeo
measure of resilience by providing a refuge fanva level of fish populations in the face of
Zosteradecline, however, they will not provide protectibom major population declines, and
also may not provide a refuge for species wheratasettle primarily in shallow habitats or in
locations dominated hXostera

Some of the previously defined marine assets fosté/a Port were assessed from the
perspective of fish biodiversity based on this gtuiche currently defined asset associated with
Amphibolisbeds on the western coast of the Western Entisegraent was found have
significant biodiversity value for fish, includirtge only populations of Weedy Seadragons
recorded in the study. Ti@aulerpabeds on the eastern side of the Rhyll Segment alsce
found to have high fish species richness and almagjandicating significant biodiversity value
for fish. These beds, however, have not been ditfisea marine asset, and the results of this
study would support the addition of this area toineassets of Western Port. In contrast to
AmphibolisandCaulerpabeds, very few fish species were recorded on ritbdmeds, suggesting
this asset area has low value from the perspectifish biodiversity.

The main conclusion of the study was that althosmyine species previously recordedostera
habitat can also utilise alternative habit&Zigsterahabitat is nevertheless the most critical for fish
biodiversity in Western Port because of its extemspatial cover and unique role for larval
settlement/development in shallow areas, as wedupporting some unique species, in particular,
pipefish and seahorse species. Thus, althougmatiee habitats provide a potential refuge for
older juveniles and adults of some fish specidhénevent oZosteraloss, the maintenance of

fish biodiversity in Western Port relies on thegigtence of significant areas ddstera

particularly in the intertidal, shallow sub-tidadrze. The key findings of the study in relation to
the major habitats are summarised below.




Zosteraseagrass:
Dominant fish habitat in Western Port covering apgmately 100 krf

High fish species richness, dominant species ircltite Spotted Pipefish, Grass Whiting
Little Weed Whiting and leatherjacke®scanthaluterep

Unique species include a diverse assemblage otogatfon listed syngnathid (pipefish
and seahorse) species

Occurs in intertidal and shallow subtidal areasmhieprovides habitat for settling larvae
of key species such as King George Whiting

Amphibolisseagrass:
Dogninant fish habitat in western entrance ared\ifstern Port covering approximately 20
km
High fish species richness, dominant species ircltite Sixspine Leatherjacket, Little
Weed Whiting, Weedy Seadragon, and leatherja¢kemnthaluteres
Unique species include the conservation listed Wé&shdragon
Habitat for economically important species sucRakmari and King George Whiting

Caulerpaalgae:

Important fish habitat on the eastern coast oRhgl segment of Western Port covering
< 10 knf

High fish species richness, dominant species ircltiee Cobbler, Wood's Siphonfish,
leatherjacketsAcanthaluteres and Southern Pigmy leatherjacket

Caulerpaoccurs deeper thatostera mostly older juvenile or adult fish
Habitat for economically important Rock Flathead &and Flathead

Reef/algae:
Small area of habitat mostly in the entrance aoé&8estern Port

High fish species richness, dominant species ircltite Bluethroat Wrasse, Silver
Trevally, Toothbrush Leatherjacket, and Sixspinatherjacket

Fish generally larger than in low-reliéfmphibolishabitat in the same area
Habitat for economically important species suciager Trevally and Australian Salmon

Rhodolith beds:
Small area of habitat occurring immediately indioke eastern entrance of Western Port
Low fish species richness, common species werB#teMullet and Smooth Toadfish
Generally appears to be of limited value as fishitat
Low diversity and abundance of fish may relateote habitat complexity




Introduction

The relationship between fish and their habitdtiglamental to the persistence of fish
populations. The more specific the habitat requeets of fish, the more vulnerable the
population is to decline where that habitat is cetlior lost. Many fish species have been shown
to have strong links to seagrass beds, eithemnassary habitat offering high food levels and
protection from predators, or as adult habitaimfig foraging and reproductive benefits (Bell
and Pollard 1989, Jackson et al. 2001, Heck 0&l3). Seagrass, however, is vulnerable to
reduction in water quality and other environmetitaats, and world-wide has declined at a rate
of 7% per year since 1990 (Waycott et al. 2009).

For many fish species, whether fish are strictljaré on seagrass habitat or whether other
habitats can also be ustilised (therefore providimgfuge in the event of seagrass loss) is poorly
understood. Studies have compared fish in seatgrabker structured habitats (e.g. reef/algae) as
well as unvegetated mud or sand habitat (JenkidsSatherland 1997, Jenkins and Wheatley
1998, Guidetti 2000, Heck et al. 2003, Franco €2@06, La Mesa et al. 2011). Generally, there
iIs some overlap in the fish communities in seagnakstat and other structured habitats, while
unvegetated habitats tend to support very diffefishtcommunities, usually with fewer species.
Even amongst structured habitats, however, sonmfereifces in fish communities are usually
found (Jenkins and Wheatley 1998, Guidetti 200@jekd, even within seagrass habitats,
different seagrass species with varying morphokdgibaracteristics can show differences in fish
assemblages (Middleton et al. 1984, MacArthur agddés 2001, Hyndes et al. 2003, Kendrick
and Hyndes 2003).

Fish communities can vary not only on the basisatfitat, but also spatially and temporally

within a habitat. For example, seagrass beds taicegireas may support more juvenile fish than
others because they are located in an area retatu@rrent patterns that receives more larval
settlement (Bell et al. 1988, Jenkins et al. 1988Mesa et al. 2011). Fish communities within
one habitat type will also vary with depth, for eale because pre-settlement larvae are
distributed near the surface and therefore setti¢teads to occur in shallow water (Bell et al.
1992, Smith et al. 2012). Fish community structuilalso tend to show strong seasonal patterns
because most fish species have distinct spawningdsethat results in seasonal patterns of
juvenile recruitment (Jenkins et al. 1997b).

Western Port, a temperate bay in the State of ¥&teouth-eastern Australia, is a key
biodiversity region as well as supporting importasiieries (Jenkins 2011, Keough et al. 2011).
Western Port has a large area of intertidal musifitsgsected by dendritic channels with strong
tidal currents. The tidal range of 2 to 3 metresansethat a large volume of water is exchanged
between the bay and the offshore waters on eagahaydle. Western Port supports large areas of
habitat supporting a rich and diverse fish commufiienkins 2011, Keough et al. 2011).
However, seagrass in Western Port, Zodterain particular, has been subject to large losses,
most markedly in the mid-1970s (Shepherd et al919&alker 2011).




Fish assemblages in seagra&ssterasp., habitat (Robertson 1978, 1980, Edgar et98l3,1
Edgar and Shaw 1995, Hindell et al. 2004) and n@amgAvicennia marinahabitat (Hindell and
Jenkins 2004, Hindell et al. 2004, Hindell and JesnlR005) in Western Port are relatively well
studied, and some information is available on iskemblages on unvegetated sediment habitats
(Edgar and Shaw 1995, Hindell and Jenkins 2004d&liret al. 2004). In the case Dbstera fish
diversity and biomass is high relative to unvegetdtabitat (Edgar and Shaw 1995), and it
functions as a nursery area for juveniles of imgrarspecies such as King George Whiting
(Robertson 1977, Jenkins et al. 2000). The log&osferahabitat in Western Port in the 1970’s
was assumed to have caused a major decline ipiftgtuction, although the possibility that
alternative habitats could be utilised was not mered (Edgar and Shaw 1995). It is possible
that fish associated withosteracan also use alternative habitats such as maemaligthis were
the case then these habitats might act as a réflogses ofZosteraoccurred. Mangroves
apparently do not form an important alternativeitadtbor seagrass fish, most likely due to their
position in the upper intertidal zone (Jenkins 2011

An example of such an alternative habitat is tiga@laulerpacactoideghat forms reasonably
extensive beds of the on the eastern side of WeBtent (Bulthuis 1981, Blake and Ball 2001)
and also occurs north of Hastings (Blake et al220This relatively fragile alga generally occurs
at slightly greater depths th&@msterabut could potentially provide a viable alternathatbitat for
fish species.

There are a number of other potentially import#sit habitats in Western Port about which little

is known, both in terms of their intrinsic biodigéy value and also their potential as alternative
habitats taZostera The seagrassmphibolisforms extensive beds in the southern, more exposed
part of Western Port (Blake and Ball 2001, Blakale2012). Anecdotal information suggests
that this species could form a key habitat for We®dadragons and also for the spawning of
Calamari, however, quantitative information on tékationship between these and other fish
species withirAmphibolisis lacking (Jenkins 2011). There are also aredmuaf substrate

including reefs with macroalgae (Bathgate et aL1)Psedentary invertebrate (sponge, ascidian,
bryozoan) isolates and rhodolith beds (Blake e2@12). Again, there is a lack of information on
fish species utilising these habitats.

At present we are unsure whether key species kaatren specific habitats or whether
alternative habitats can be utilised. This meaagéiilience of fish populations to habitat loss
and the need for protection of specific habitatsupport fish populations is unclear. In this study
we investigate the fish communities associated witange of alternative habitats to well-studied
Zosteraand mangroves; includingmphibolisseagrass, reef/alga@aulerpamacroalgae,
rhodolith beds, and sedentary invertebrate isoldiggire 1).

The recent report to Melbourne Water “UnderstandiegWestern Port Environment. A
summary of current knowledge and priorities foufetresearch”, otherwise referred to as the
Western Port Science Review (Keough et al. 208&ntified determining the linkages between
fish and habitats as a high priority research rieetVestern Port. Critical habitats for sustaining
fish at various life stages are currently unknoanrhany species and habitats in Western Port.




There is a need to know the value of these halfitafssh species that are important components
of Western Port’s biodiversity, or play an impottasle in the Western Port ecological system, to
inform successful ongoing management to sustainlptipns of these fish species.

Alongside the Western Port Science Review, thedvieh Department of Environment and
Primary Industries has developed a spatial majgaffecant marine environmental assets in
Western Port, informed by the review scientificnbeas well as other relevant Victorian scientific
experts. This map includes a number of location#/estern Port that based on current scientific
understanding are particularly important for theadiversity (including fish) or role in important
ecological processes. Better scientific understenof these asset areas, which have already
been identified as ecologically important, anditihesilience, has clear potential to inform
improvements to future threat management. Givanttiis initial marine asset map was based on
current understanding and expert opinion, betteetstanding of these areas also has potential to
inform refinement of their boundaries.

Study Objectives
1) To determine the specificity of fish habitatat@nships in Western Port

2) To determine the resilience of fish populatiombabitat loss through the use of alternative
habitats.

The focus is on fish that are important componehwestern Port’s biodiversity, or play an
important role in the Western Port ecological syste

A secondary objective of this research is to baildhe spatial map of significant marine
environmental assets in Western Port by:

Improving understanding of the important values agsilience of specific asset areas
already identified, from the perspective of fisbdiversity.

Informing future refinement of asset boundariesimithese broad areas of Western Port,
from the perspective of fish biodiversity.



Figure 1. Habitats recorded
by underwater survey in
Western Port (Blake et al.
2012). A.Amphibolis
antarctica B. Caulerpa
cactoides C. Rhodolith bed, D.
Reef with macroalgae, E.
Invertebrate (Bryozoan)
isolate



Materials and Methods

Sampling Locations

Sampling locations foAmphibolisseagrass and reef/algae were located in the west&amce
segment (Figure 2)Amphibolisseagrass locations at Balnarring and Flindersis@usof beds
growing on relatively flat, sedimentary bottom, {ehat Point Leo (near ShorehamAmphibolis
was growing on higher relief reef (Figure 2). Ralgfade habitat was sampled at Cat Bay on
Phillip Island (Figure 2), where macroalgae suckhasorown algaCystophorasp, was
associated with high-relief reef. Depths of sangplianged from 2.5 to 7 m.

Sampling locations for sedentary invertebrate (bogm, sponge, ascidian) isolates were within
deeper channels in the Rhyll segment at depthd@B&b m. Rhodolith beds were sampled inside
the eastern entrance to Western Port at depth$ad b metres (Figure 2).

Sampling locations fo€aulerpa cactoideat Coronet Bay and Loelia Shoal in the Rhyll segime
(Figure 2) were within a large area of this spegresving on low-relief unvegetated sediment in
depths of 4 to 7 m. In contrast, the sampling locanorth of Hastings in the lower North Arm
(Figure 2) was mostly unvegetated sediment in@ &% m depth witlC. cactoideonly

associated with small invertebrate isolates growaindpard substrates such as oyster shells. In
autumn, additional sampling at the same locatios walertaken slightly inshore in depths of 3.5
to 4.5 m where relatively dense bedZobteraseagrass occurred near their lower depth limit in
this area.

Sampling Methods

This study used two primary sampling methods dejpgnah the habitats studied. For habitats in
the southern part of Western Port that had uneubstsate and relatively clear water, underwater
stereo video was used. These habitats werphibolisseagrass and reef algae in the western
entrance area, sedentary invertebrate isolaté®iRhyll basin, and rhodolith beds inside the
eastern entrance. FGaulerpaandZosterahabitat which occurred on flat, sedimentary bottom
relatively turbid water (i.e. where video methodswd be ineffective), sampling was conducted
with a mini otter trawl.

Stereo video sampling

Sampling omPAmphibolisand reef/algae locations was conducted in autwpnl{May) and
repeated at the same locations in spring (OctolemehMber) 2012. Sedentary invertebrate
isolates and rhodolith beds were sampled at oraitotin spring (November) 2012 and at a
second location (in the same area) in autumn (ARGL3.

Fish were sampled using remotely deployed sterdeovsystems (SeaGIS Pty. Ltd., Australia)
(Figure 3). Stereo systems consisted of a framle o Canon HV20 cameras with wide angle
lenses (0.7 focal length) in housings angled invear8 degrees, on bars 75 cm apart and 40 cm
above the sea floor, and a diode arm for synchatinis of cameras. Videos were unbaited to
prevent attraction of fish from nearby habitatg thauld not occur in normal circumstances. On




each sampling day, two video frames were deployedeh of three sampling sites within the
sampling location. Sampling sites were betweenBGhd 1 km apart and the replicate frames
were approximately 50 — 75 m apart. A live viewtadbable underwater video-camera was
attached to the frame on deployment to ensureréimeef was on the correct habitat. Once the
frame was in place correctly, the live view camees retrieved to the vessel. Video frames were
retrieved approximately 1 hr after deployment.

Mini Otter Trawl Sampling

The mini otter trawl had a 3.9 metre head ropeithképt open using small trawl doors (Figure
4). A5 mm mesh liner in the main net and 3 mm miesh in the cod-end were used to retain
small species and recruits of larger species (Eigdr The mini otter trawl can be used effectively
from a small research vessel (Figure 5). Four, daptuly placed hauls were undertaken in each
location on each sampling date. Each haul consaftacs minute tow (from the time the warps
were fully deployed until the start of retrievat)aaspeed of 1-1.2 knots. A live-view video drop
camera was used at the start of each tow to confienmabitat being sampled.

Where possible fish were identified and measurat@l(tength) immediately after capture and
released alive. Difficult to identify species weamgaesthetised in benzocaine solution and
preserved in 95% ethanol and returned to the latiyréor identification and measurement.
Where more than 30 individuals of a species welleated in a haul, a random subsample of 30
individuals was measured.

Laboratory Methods

Video was assessed using two different methodsNvemd TiV (Smith et al. 2011, Smith et al.
2012). MaxN was the greatest number of a givendsdties in a single frame and has been used
to estimate fish abundance in a variety of stu@iiéatson et al. 2009, Becker et al. 2012, Birt et
al. 2012, Harvey et al. 2012). TiV provides a meagi how fish are using each habitat and was
recorded as the total time in seconds that at teasfish of a given species was in view of the lef
camera during each video deployment (Smith etGl12Smith et al. 2012). In unbaited sampling
regimes large schools of fish swimming through lita& produce high MaxN recordings that

may not reflect the abundance within that area toreger temporal scales. TiV provides an
alternative to MaxN that provides an estimate af/lmouch time species are spending in each
habitat. If a fish was lost from view (i.e. hidd@nseagrass or exited the screen view) and did not
reappear within 10 sec it was deemed to haveHefsampling area. Footage was captured and
converted to AVI format using Pinnacle Studio RIuElL software (Pinnacle Systems Inc.). Video
length was standardised for 55 min beginning atithe the cameras settled on the bottom. The
computer software packages EVENTMEASURE and PHOT@BERE were used to record

Max N and TiV data and to estimate fish lengthaa®&& Pty. Ltd., Australia). Orientation and
location within the camera field of view prevensturate measurement of some fish, therefore
only lengths of fish that could be measured acelydk 10% error) were recorded. To reduce the
possibility of measuring the same fish twice, aenval of at least 5 minutes was applied before
measuring fish of the same species and similaittheng




Fish retained from mini otter-trawl sampling wedentified with reference to Gomon et al.
(2008), counted, and measured to the nearest nah lgagth).

Data Analysis

Two-factor analysis of variance (ANOVA), with Locat and Season as main effects, was used
to analyse species richness, TiV and MaxN of titghlas well as TiV of key individual species,
and mean length of total fish, from stereo videmgiing. A two-factor ANOVA with Location

and Season as main effects was also used to anléys@ni otter trawl data for species richness,
total abundance and abundance of key species, aad fish length. The data was additionally
analysed for autumn only by one-factor ANOVA of ttecation main effect where the additional
Zosteralocation at Hastings was included. Data were cbeédkr homogeneity of variance and
normality using box plots and log(x+1) transfornvetere necessary to meet the assumptions of
the analysis (Quinn and Keough 2002). Where eff@et® significant, Tukey’'s HSD post-hoc
test was used to make pairwise comparisons.

A multivariate analogue of ANOVA, Analysis of Siraiities (AMOSIM) (Clarke 1993, Clarke
and Gorley 2006) was used to make comparisons cdtians and Seasons for the TiV data from
stereo video and abundance data from mini otted {@nd Locations only for otter trawl data in
autumn) at the assemblage level. The analysis asedbon Bray Curtis dissimilarity matrices
(Clarke 1993, Clarke and Gorley 2006). The dataim#iglly log(x+1) transformed to reduce the
influence of species with high TiV or abundancela®enships were also visualised with non-
metric multidimensional scaling (nMDS) ordinatioasd while stress levels obtained through
this analysis should ideally be < 0.1, values <d@ie€2thought to still provide an adequate
representation of relationships between replic@itarke 1993, Clarke and Gorley 2006). A
SIMPER procedure was then used to identify theispeéhat contributed most to treatment
differences (Clarke 1993, Clarke and Gorley 208@kgcies that contributed greater than 10% to
dissimilarity in pairwise comparisons were consatkeimportant.
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Figure 2. Sampling Locations in Western Port. Stas, Amphibolishabitat; Cross, reef-macroalgae;
Circles, Sendentary invertebrate isolates; Triangls, Caulerpahabitat; Diamond, Rhodolith beds.



Figure 3. Deployment of stereo video camera frame



Figure 4. Diagram of mini otter trawl net employedto sample in Western Port, a) main body of net
and liner (net — 38.1 mm aperture knotted nylon; lner - 5 mm aperture knotted nylon); b) codend
bag of net and liner (net — 31.75 mm aperture kno#td nylon; liner — 3 mm aperture knotless nylon);
¢) wooden otter-boards — 61 cm x 31 cm weighted Wwitead sheets; d) tickler chain; e) head rope —
390 cm; f) 4 foam floats; g) foot rope and chairB90 cm); h) bridle ropes; i) alternate retrieval Ine.

Figure 5. Mini otter trawl net deployed in WesternPort



Results

Underwater Stereo video

A total of 35 taxa (including Southern Calamariygescorded by underwater stereo video in the
Western Entrance segment (Table 1). The most fretyuescorded taxa were Bluethroat Wrasse,
Notolabrus tetricusat Point Leo and Cat Bay in both seasons (Tablal&o occurring

frequently were the leatherjackefganthaluteresp., and Little Weed WhitingNeoodax

balteatus at Flinders in both seasons, and Sixspine Lejattiezt,Meuschenia freycenedi

Flinders in spring and Point Leo in autumn (TableWleedy SeadragonBhyllopteryx

taeniolatus occurred commonly at Flinders in autumn and Baing in spring (Table 1). TiV

was highest for thAcanthaluteresp. at Flinders and fdi. freycenetat Point Leo in autumn
(Table 1). TiV was also moderately high frtaeniolatusat Balnarring in spring (Table 1).
Highest mean values of MaxN were recorded for $ilvevally, Pseudocaranx georgianus

both seasons, and Toothbrush Leatherjadkenthaluteres vittigenn autumn at Cat Bay, and
for Acanthaluteresp. at Flinders in autumn (Table 1). Important owercial and recreational
fishing species that were recorded included Kingr@e Whiting,Sillaginodes punctatys

Gummy SharkMustelus antarticusAustralian SalmonrArripis sp., and Southern Calamari,
Sepioteuthis australis

Species richness was significantly different amotgsations (Table 2), with richness at Flinders
higher than the other locations (Tukeys test, Ps)0.Dhere was also a significant interaction
between location and season, with higher richnefged-linders location in spring compared to
autumn, while the opposite pattern occurred attHao (Fig. 6). The TiV of all species
combined was significantly different amongst locas (Table 2); again Flinders was higher than
the other locations (Tukey’s test, P<0.05; Fig.Afhongst individual species, TiV fdA.
freycenetiwas highest at Point Leo in autumn but lowespimng) compared with all other
site/season combinations (Fig. 8); RartaeniolatusTiV was highest at Balnarring in spring,
slightly lower at Flinders in both seasons, andahly other record was at Point Leo in autumn
(Fig. 9); and, folN. tetricus TiV was highest at Cat Bay, intermediate at Pbed and low at
Flinders (Fig. 10). Although the average MaxN waghbr at Flinders and Cat Bay, the data was
highly variable and there were no significant diéieces amongst locations or between seasons
(Table 2, Fig. 11).

Analysis of the fish community based on TiV usindDS showed a relatively clear separation of
two groups of locations, with Cat Bay and Point leations separated from the Flinders and
Balnarring locations (Fig. 12). There was a slifginther separation between the Balnarring and
Flinders locations but little separation in relatio season (Fig. 12). Two-way ANOSIM
indicated that there was a significant differenceagst locations (Global R = 0.456, P = 0.001)
but no significant difference between seasons (&I8= 0.165, P = 0.135). Pairwise tests
indicated that fish assemblages at all locationgwegnificantly different from each other with
the exception of Cat Bay and Point Leo. SIMPER ymslindicated thall. tetricusandM.
freyceneticontributed most to the difference between Cat &ayBalnarring (20.70 and 11.61%



respectively) and Point Leo and Balnarring (21.8d 42.02% respectively). For Balnarring and
Flinders,Acanthaluteresp. (17.39%)P. taeniolatug12.68%) andVl. freycenet(10.60%)
contributed most to the assemblage differencesClaoBay and Flindergcanthaluteresp.
(14.51%),P. taeniolatug11.31%),N. tetricus(10.20%) and Odacidae (10.19%) contributed most
to the assemblage differences. Finally, for Poew Bnd Flindershcanthaluteresp. (15.69%),

M. freyceneti(11.87%) and Odacidae (11.00%) contributed moieassemblage differences.

The mean lengths of fish recorded by stereo vide@wignificantly different amongst locations
and between seasons (Table 2, Fig. 13). Tukeyshmastomparisons indicated that fish at Cat
Bay and Point Leo were significantly larger tharfrinders (Table 2, Fig. 13). In terms of
seasonal differences, fish were larger in springgared with autumn at all locations, with
greatest differences for Cat Bay and Balnarring.(EB).

The length-frequency distributions of fish recordgstereo video were mostly uni-modal with
the exception of the Flinders location where theritiution was bi-modal (Fig. 14). Small,
predominantly juvenile fish less than 120 mm ingignwere most abundant at Flinders in both
seasons and also at Balnarring in autumn (Fig.Ampngst the more commonly recorded
speciesM. freycenetranged from 180 to 360 mm (Fig. 15), tetricusranged from 100 to 400
mm with most of the smaller (juvenile) individuaécorded at Cat Bay (Fig. 16), aRd
taeniolatusranged from 220 to 340 mm (Fig. 17). The lengtlyfiencies oAcanthaluteresp.
varied markedly between locations, with largerwulials (160 — 260 mm), likely to be
Acanthaluteres vittigerecorded from Cat Bay in autumn, while small jules (60 — 100 mm)
were recorded from Flinders in both seasons (RYy. 1

Stereo video sampling of sedentary invertebrat@tes in the Rhyll basin and rhodolith beds
immediately inside the Eastern Entrance showedr&aadly lower number of species than were
recorded in the Western Entrance area (Table 3ulewere conclusive for the rhodolith beds
where water clarity was high, but were inconclusivethe invertebrate isolates where visibility
was very poor, and the value of invertebrate iggslébr fish biodiversity is still uncertain. Only
flathead, Platycephalidae, and Red Mullgpeneichthys viamingwere recorded in both seasons
at the invertebrate isolates (flathead were ors#utment adjacent to the isolates) (Table 3). The
highest TiV and MaxN was for flathead in the spr{iigble 3). Red mullet were also recorded in
both seasons at the rhodolith beds as were smoadfigh, Tetractenos glabeiThe highest
recorded TiV at the rhodolith location was for Siio®oadfish in the spring (Table 3).




Table 1. Frequency of occurrence (F%), mean MaxN ahMean TIV for species recorded with underwater steeo video. Colour key for
maximum F% for each species: red (0-25 F%), yelloy26-50 F%), green (51-100 F%)

. Flinders Balnarring Point Leo Cat Bay
Common name Species nam o . o ) o
(AmphibolisSedimentary) (AmphibolisSedimentary) (AmphibolisReef) (Reef-Algae)
Autumn Spring Autumn Spring Autumn Spring Autumn Spring
F% [ TiV [Max | F% | TV [Max | F% | TiV [Max | F% | TiV [Max | F% | TiVv [Max | F% | TiVv [Max| F% [ TV [ Max| F% | TiV [ Max
N N N N N N N N
SUBCLASS Elasmobranchii
Gummy Shark Mustelus antarticus|
Unidentified shark
Stingaree Trygonopterasp.

Unidentified ray

ORDER Gasterosteiformes

Weedy Seadragon

Phyllopteryx
taeniolatus

ORDER Perciformes

King George Sillaginodes

whiting punctatus

Silver Trevally Pseudocaranx 0 0 o| 33 400| 650 O 0 0 0 0 0 0 0 0 0 0 0| 14 229 | 6.43| 33| 3333 8.17
georgianus

Silverbelly Parequula _ 0 1.14 0 0 0.00 0| 33| 4883| 150| O 0 o o 0 0 0 0 0 0 0 0 0 0 0
melbournensis

Red Mullet Upeneichthys 14 129| 014 | 33| 1267|050 | 17| 283 | 017 | 33| 983 | 033| 17| 167 | 017| O 0 0| 14| 386 | 029| O 0 0
vlamingii

Australian Herring

Arripis georgianus

Australian Salmon

Arripis sp.

Old Wife Enoplosus armatus
Marblefish Aplodactylus
arctidens
Dusky Morwong Dactylophora
nigricans
Scalyfin Parma victoriae

Bluethroat Wrasse

Notolabrus tetricus

Little Weed
Whiting

Neoodax balteatus




! g $! Colour
key for maximum F% for each species: red (0-25 F%)yellow (26-50 F%), green (51-100 F%)
) Flinders Balnarring Point Leo Cat Bay
Common name Species nam o ) o ) o
(AmphibolisSedimentary) (AmphibolisSedimentary) (AmphibolisReef) (Reef-Algae)
Autumn Spring Autumn Spring Autumn Spring Autumn Spring
F% | TV | Max| F% | TiV. | Max| F% | TiV | Max| F% | TiV | Max| F% | TiV | Max| F% | TiV | Max| F% | TiV | Max | F% | TiV | Max
N N N N N N N N
Grass Whiting Haletta 14 0| 014| 50| 1650 0.83 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 17 1.33 | 0.17
semifasciata
Rainbow Cale Heteroscarus 0 0 0 0 0.00 0 0 0 o o 0 o| o 0 0| 17 017 | 017| © 0 0 0 0 0
acroptilis
Herring Cale Olisthops 0 0 0 0 0.00 0 0 0 0 0 0 0 0 0 0 0 0 0| 29 357 | 029| O 0 0
cyanomelas
Odacidae 0 0 0| 67| 1250/ 067 0 0 0| 17 3.83| 0.17 0 0 0 0 0 0 0 0 0 17 0.83 | 0.17
Snook Sphyraena 0 0 0 0 0.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 17| 083 | 017
novaehollandia
ORDER Tetraodontiformes
Sixspine Meuschenia 29 | 2429| 029| 67| 3083| 0.83| 33| 27.33| 033| 17| 11.17| 017| 83| 116.83| 1.00| 17 117 | 017 | 29 8.14| 029 | 33 7.33| 0.33
Leatherjacket freycineti
Horseshoe Meuschenia 0 0 0 0 0.00 0 0 0 o o 0 0| 17 067] 017| © 0 0 0 0 0 0 0 0
Leatherjacket hippocrepis
Brownstriped Meuschenia 0 0 0 0 0.00 0 0 0 0 0 0 0| 33| 383 | 0.33 0 0 0 0 0 0 0 0 0
Leatherjacket australis
Bridled Acanthaluteres 0 0 0| 50 883 | 067| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Leatherjacket spilomelanurus
Toothbrush Acanthaluteres 29 9.14 | 0.29 0 0.00 0 0 0 0 0 0 0| 33| 817 | 033 0 0 0| 29| 1643 | 6.86| 17| 117 | 047
Leatherjacket vittiger
Acanthaluteresp. 86 | 149.29| 6.14| 67| 5450 1.17| 17| 10.00 | 0.17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Rough Scobinichthys 43| 2514| 043| o0 0.00 0 0 0 0 0 0 0| 17| 333 | 0a7| 17 233 017| © 0 0 0 0 0
Leatherjacket granulatus
Southern Pigmy | Brachaluteres 0 0 0| 17| 3383| 017| O 0 o o 0 o| o 0 0 0 0 0 0 0 0 0 0 0
Leatherjacket jacksonianus
Leatherjacket Monacanthidae 43 | 36.14| 057 | 33 9.17 | 0.33 0| 1.00 0 0 0 0| 33| 267 | 033 0 0 0 0 0 o[ 17| 050 | 0.17




key for maximum F% for each species: red (O-'25 F%)yellow (26-50 F%), green (51-100 F%)

! " #

$!

Colour

Common name

Species name

Flinders

(AmphibolisSedimentary)

Balnarring

(AmphibolisSedimentary)

Point Leo
(AmphibolisReef)

Cat Bay
(Reef-Algae)

Autumn Spring Autumn Spring Autumn Spring Autumn Spring
F% | TiV | Max | F% | TiV | Max | F% | TiV | Max | F% | TiV | Max | F% | TiV | Max | F% | TiV | Max | F% | TiV | Max | F% | TV | Max
N N N N N N N N
Shaw's Cowfish | Aracana aurita 0 0 0] o 0.00 0| 17| 417|017| o0 0 0 17| 067]| 017| o0 0 o] o 0 o[ o 0 0
Cowfish Aracanasp. 43 671 043| 50| 1583| 050 O 0 0| 33| 1967] 033] 0O 0 0 0 0 0 0 0 0] o 0 0
Spikey Globefish | Diodon 0 0 o] o 0.00 o| of 167 o| 17| 217 | 017| o 0 o o 0 o o 0 0| 17| 133 | 017
nicthemerus
Order Teuthida
Southern Calamari | Sepioteuthis 0 0 0 0 0.00 0 0 0 0 0 0 0 0 0 0| 33| 1717| 033| 0O 0 o| o 0 0
australis
Unidentified fish 0 7.00 0| 33 733] 033] 0O 0 0 0 0 0 0| 083 0| 33 217 033 | 29| 757 | 029] O 0 0
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Figure 6. Average (+1 SE) Species Number of fishaerded on underwater stereo video

Table 2. ANOVA results for fish recorded on underwé#er stereo video. SignificantP-values are in
bold

Source df | Species Number TIV Total Fish| MaxN Total | df | Length Total Fish
Fish

Log (x+1)

F P F P F P F P

Season 1 1.097 0.310 0.323 0.578 0.867 0.365 | 1 10.2070.005

Location 3| 11.470| <0.001| 6.561| 0.004| 2.412| 0.105 3 6.841 0.003

Season X
Location 3 3.799 0.031 0.919 0.454 1.48¢6 0.256 3 2.281 0.122

Error 16 15
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Figure 7. Average (+1 SE) Time in View of total fis recorded on underwater stereo video
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Figure 8. Average (+1 SE) Time in View of Sixspineeatherjacket, Meuschenia freycenetirecorded
on underwater stereo video
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Figure 9. Average (+1 SE) Time in View of Weedy &dragon, Phyllopteryx taeniolatusrecorded on

underwater stereo video
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Figure 10. Average (+1 SE) Time in View of Bluethrat Wrasse, Notolabrus tetricusyrecorded on

underwater stereo video
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Figure 11. Average (1 SE) MaxN of total fish readed on underwater stereo video
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Figure 13. Average (+1 SE) Length of fish recordedn underwater stereo video
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Figure 14. Length-frequency distributions for total fish recorded on underwater stereo video
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Figure 15. Length-frequency distributions forMeuschenia freycinetrecorded on underwater stereo video
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Figure 17. Length-frequency distributions for Phyllopteryx taeniolatusecorded on underwater stereo video
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Figure 18. Length-frequency distributions for Acanthaluteressp. recorded on underwater stereo video



Table 3.Frequency of occurrence (F%), mean TiV and mean MaX for species recorded with
underwater stereo video in sedentary invertebratesolate and rhodolith habitats. Colour key for
maximum F% for each species: red (0-25 F%), yelloy26-50 F%), green (51-100 F%)

) Rhyll Basin Eastern Entrance
Common name Species name ) )
(Invertebrate isolates) (Rhodoliths)
Spring Autumn Spring Autumn
F% Tiv Max | F% Tiv Max | F% Tiv Max | F% Tiv Max
N N N N
SUBCLASS Elasmobranchii
Stingaree | Urolophidae 0 0 0 0 0 0 0 0 0 17 3.493| 0.17
ORDER Scorpaeniformes
Flathead | Platycephalidae 33 5750 0.50 | 17 15.28 | 0.17 0 0 0 0 0 0
ORDER Perciformes
Silverbelly Parequula 17 6.17 | 0.17 0 0 0 0 0 0 0 0 0
melbournensis
Red Mullet Upeneichthys 17 150 | 017 | 67| 17.94| 150 | 17 050 | 0.17 | 17 497 | 0.7
vlamingii
Australian Salmon | Arripis sp. 0 0 0 17 1.18 | 0.17 0 0 0
Bluethroat Wrasse | Notolabrus tetricus 0 0 0 0 0 0 17 1.00 | 0.17
ORDER Tetraodontiformes
Acanthaluteresp. 0 0 0 33 12.45| 0.50 0 0 0 0 0 0
Southern Pigmy | Brachaluteres 0 0 ol 17 219 | 0.17 0 0 0 0 0 0
Leatherjacket jacksonianus
Leatherjacket Monacanthidae 0 0 0 0 0 0 0 0 0| 50 8.20 | 0.50
Cowfish Aracanasp. 0 0 0| 17 138 | 0.17 0 0 0 17 7.13| 0.17
Spikey Globefish | Diodon 33 5.00 | 0.33 0 0 0 0 0 0 0 0 0
nicthemerus
Smooth toadffish | Tetractenos 0 0 0 0 0 0 17 983 | 017 | 17 90.65| 0.17
glaber
Unidentified fish 0 0 0| 17 2.01| 0.17 0 0 0 0 0 0




Mini Otter Trawl

A total of 36 fish taxa were recorded in the Mirtt€ Trawl sampling (Table 4). The number of
taxa was very similar to that recorded by undermstiereo video; however, only 11 taxa were
recorded in both sampling programs (Table 1,4). télka with the highest overall abundances
were the leatherjacket8canthaluteresp., the CobbleGymnapistes marmoratuthe Little
Weed WhitingNeoodax balteatyshe Spotted Pipefisligtigmatopora argysand the Grass
Whiting, Haletta semifasciatéTable 4). Four taxa were recorded from all corabons of
location and season, the Rough Leatherja&apinichthys granulatughe Southern Pigmy
LeatherjacketBrachaluteres jacksonianuthe Ornate CowfistAracanaornata and the
Southern Cardinalfish/incentia conspers@lable 4). Important commercial and recreational
fishing species that were recorded from the sargphinluded the Rock Flatheddlatycephalus
laevigatus and the Sand Flathed@latycephalus bassensis

Species richness compared across three locati@iswe seasons showed a highly significant
difference amongst locations but no difference leetwseasons (Table 5, Fig. 19). Tukey’s post-
hoc test (P<0.05) showed that Hastings had sigmtfig lower species richness than the other two
locations (Table 5). When species richness was aocgdpacross four locations in autumn, there
was a significant difference among locations (Td&hlEig. 19), with Hastings significantly lower
than Coronet Bay (Tukey’s post-hoc test, P<0.0bumdance of total fish compared across three
locations over two seasons also showed a highhifgignt difference amongst locations but no
difference between seasons (Table 5, Fig. 20). yekmst-hoc test (P<0.05) showed that
Coronet Bay had significantly higher abundance thaglia Shoal, which in turn had a
significantly higher abundance than Hastings (T&bléVhen abundance was compared across
four locations in autumn, there was a significaffedence among locations (Table 6, Fig. 20),
with Hastings significantly lower than Coronet Bdykey’s post-hoc test, P<0.05).

The patterns of abundance for the most commonlyrded species are shown in Figures 21 to
25. ForAcanthaluters sp., abundance was generally highest at the €bBay location and
lowest at the Hastings location, and was also highautumn (Fig. 21). In autumn, abundance at
the Hastings-SG location was similar to Loelia Stamal intermediate between Coronet Bay and
Hastings (Fig. 21). The pattern @t marmoratusvas similar tcAcanthaluteresp. excepting

that abundances were higher in spring than autamohthe species was not recorded at all from
the Hastings location (Fig. 22). The abundanceeaatiHgs-SG was similar to the Loelia Shoal
location in autumn (Fig. 22). The pattern frbalteatusagain showed highest abundance at
Coronet Bay, intermediate at Loelia Shoal, and V@mnyabundance at Hastings (Fig. 23). L&Be
marmoratus abundances were higher in spring (Fig. 23). huran, abundance i. balteatusat
Hastings-SG was higher similar to Coronet Bay agtédr than the other locations (Fig. 23). The
pattern forS. arguswvas quite different to the other species (Fig; abundances were similar for
Coronet Bay and Loelia Shoal with most recordesipiring, but the species was not recorded at
Hastings (Fig. 24). In autumn, abundances at thatiligs-SG location were much higher than
any other site (Fig. 24). The pattern Fbrsemifasciatavas slightly different again with highest
abundance at Coronet Bay, low abundance at Hasimfjsery low abundance at Loelia Shoal




(Fig. 25). In autumn, abundance at Hastings-SGsivagar to Coronet Bay and much higher than
the other two sites (Fig. 25).

Analysis of the fish community using nMDS showeah@or separation between the Hastings
location and the other locations (Fig. 26). Theezenalso some seasonal differences evident,
most notably at the Loelia Shoal location (Fig..Z8)e community structure at the Hastings-SG
location in autumn was very similar to the CoroBay location and well separated from the
Hastings location (Fig. 26).

Two-way ANOSIM of three locations over two seasshewed a significant difference in
community structure amongst locations (Global B68, P=0.001) and between seasons (Global
R: 0.365, P=0.004). Pairwise tests indicated tigatificant differences in community structure
occurred amongst all locations (P<0.05). SIMPERyamindicated thal. balteatug14.63%),
A. ornata(11.87%) ands. marmoratug11.32%) contributed most to the difference betwee
Hastings and Loelia Shod&. marmoratug11.43%), Wood's Siphonfisigiphamia cephalotes
(10.42%) andN. balteatug10.20%) contributed most to the difference betwidastings and
Coronet Bay; andl. semifasciatd10.43%) contributed most to the difference betw€eronet
Bay and Loelia Shoal. In terms of the seasonal @ispn,B. jacksonianu$l12.74%) andA.
ornata(10.46%), contributed most to the difference imoaunity structure between seasons;
both were more abundant in autumn.

One-way ANOSIM of four locations in autumn alsosled a significant difference in

community structure amongst locations (Global B56, P=0.001). Pairwise tests indicated that
significant differences in community structure oced between Hastings and all other locations,
and also between Hastings-SG and Loelia Shoal (Bx(SIMPER analysis indicated ttit
argus(14.90%),N. balteatug13.17%) andH. semifasciatd12.93%) contributed most to the
difference between Hastings and Hastings-Salteatug15.31%) andA. ornata (14.36%)
contributed most to the difference between HastargsLoelia Shoal; and. semifasciata
(16.15%),S. argug14.07%) andB. jacksonianu$10.78%) contributed most to the difference
between Hastings-SG and Loelia Shoal. No speciesibated more than 10% of the difference
in community structure between Hastings and CorBagt

The mean lengths of fish recorded by mini ottewtri@r three locations over two seasons were
significantly different between seasons but not mgst locations (Table 5), with greater mean
length of fish in spring compared with autumn (F2@). For the comparison of four locations in
autumn, there was a significant difference amolugsitions (Table 6), and Tukeys post-hoc test
(P<0.05) indicated that this was due to greatemnheragth of fish at Hastings-SG compared to
the other locations (Fig. 27).

Length-frequency distributions of total fish showtkdt in spring there was a uni-modal
distribution of fish lengths at the three locatiovith a peak around 100 mm (but also including
60 — 80 mm size classes at Coronet Bay) (Fig.1B8utumn, the length-frequency distributions
at these locations included a greater proportiosn@dll (40 — 60 mm) individuals (Fig. 28). In
autumn, the length-frequency distribution of fishiree Hastings-SG location had a greater




proportion of larger (80 — 200 mm) fish than thieestlocations (Fig. 28). The length-frequency
distribution ofS. argusshows that many of the larger fish (120-180 mnilected at Coronet Bay
and Loelia Shoal in spring, and at Hastings-SQuiian, were individuals of this species (Fig.
29). The size-frequency distribution ldf balteatusvas relatively consistent amongst sites and
between seasons, ranging from approximately 8001 (Fig. 30), as was the distribution for
Acanthaluteresp., ranging from approximately 40 to 120 mm (Bib). The size-frequency
distribution ofH. semifasciatashowed a greater modal length for Coronet Bayiing relative

to autumn (Fig. 32), and a bi-modal distribution fastings-SG in autumn with modes at
approximately 80-100 mm and 180-200 mm (Fig. 32).




Table 4. Frequency of occurrence (F%) and mean abwance for species collected in the mini otter trawiColour key for maximum F% for each

species: red (0-25 F%), yellow (26-50 F%), greenX5L00 F%)

) Coronet Bay Leolia Shoal Hastings Hastings
Common name Species name .
(Caulerpg (Caulerpa (Invertebrate isolates) (Zosteraseagrass)
Spring Autumn Spring Autumn Spring Autumn Autumn
F% Abundance| F% Abundance| F% Abundance| F% Abundance| F% Abundance| F% Abundance| F% Abundance
No. haut* No. haut* No. haut* No. haut* No. haut* No. haut* No. haut*
SUBCLASS Elasmobranchii
Banded Stingaree | Urolophus cruciatus
Stingaree Urolophidae
Thornback Skate Dipturus lemprieri
ORDER Gasterosteiformes
Widebody Pipefish | Stigmatopora nigra 0 0.00 0 0.00 0 0.00 50 0.75 17 0.17 25 0.50 0 0.00

Spotted Pipefish

Stigmatopora argus

Halfbanded Pipefish

Mitotichthys
semistriatus

K e

Port Phillip Pipefish

Vanacampus phillipi

Shorthead Seahorsg

Hippocampus
breviceps

ORDER Scorpaeniformes

Little Gurnard Perch

Maxillicosta
scabriceps

Common Gurnard
Perch

Neosebastes
scorpaenoides

Cobbler

Gymnapistes
marmoratus

Southern Velvetfish

Aploactisoma
milesii

Spiny Gurnard Lepidotrigla papilio

Southern Sand Platycephalus
Flathead bassensis

Rock Flathead Platycephalus

laevigatus
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! Colour key for maximum
F% for each species: red (0-25 F%), yellow (26-50%), green (51-100 F%)

) Coronet Bay Leolia Shoal Hastings Hastings
Common name Species name .
(Caulerpg (Caulerpg (Invertebrate isolates) (Zosteraseagrass)
Spring Autumn Spring Autumn Spring Autumn Autumn
F% Abundance| F% Abundance| F% Abundance| F% Abundance| F% Abundance| F% Abundance| F% Abundance
No. haut* No. haut* No. haut* No. haut* No. haut* No. haut* No. haut*
ORDER Perciformes

Wood'’s Siphonfish | Siphamia cephalote
Southern Vincentia conspers
Cardinalfish

Red Mullet Upeneichthys
vlamingii

Old Wife Enoplosus armatus

Little Weed Whiting | Neoodax balteatus

Grass Whiting Haletta semifasciata

Crested Weedfish | Cristiceps australis

Adelaide Weedfish | Heteroclinus
adelaide

Common Stinkfish | Foetorepus
calauropomus

Sculptured Goby Callogobius
mucosus

Sailfin Goby Nesogobius 25 0.25 0.50 25 0.25
pulchellus

Snook Sphyraena

novaehollandiae

ORDER Pleuronectiformes

Mueller's Flounder

Arnoglossus
muelleri




F% for each species: red (0-25 F%), yellow (26-50%), green (51-100 F%)

I # 11

n

Colour key for maximum

) Coronet Bay Leolia Spit Hastings Hastings
Common name Species name )
(Caulerpa (Caulerpa (Invertebrate isolates) (Zosteraseagrass)
Spring Autumn Spring Autumn Spring Autumn Autumn
F% Abundance| F% Abundance| F% Abundance| F% Abundance| F% Abundance| F% Abundance| F% Abundance
No. haut* No. haut* No. haut* No. haut* No. haut* No. haut* No. haut*
ORDER Tetraodontiformes
Sixspine Meuschenia 100 2.25 75 3.00 50 0.75 50 0.75 0 0.00 25 0.25 100 3.00
Leatherjacket freycineti
Bridled Acanthaluteres 25 0.25 0 0.00 75 1.25 0 0.00 17 0.17 0 0.00 0 0.00
Leatherjacket spilomelanurus
Acanthaluteresp. 100 12.50 100 18.75 100 2.00 100 7.50 17 0.17 75 3.50 100 8.75
Rough Leatherjackef Scobinichthys 100 1.75 100 12.25 25 0.25 100 2.00 33 0.50 25 0.25 75 2.75
granulatus
Southern F_’igmy Brachaluteres 50 1.00 100 15.25 25 0.25 100 10.00 33 0.33 75 2.00 50 0.75
Leatherjacket jacksonianus
Leatherjacket Monacanthidae 50 1.00 25 0.25 25 0.25 0 0.00 0 0.00 0 0.00 0 0.00
Ornate Cowfish Aracanaornata 50 1.75 100 3.50 25 0.25 75 1.25 50 3.50 100 10.50 75 3.25
Spikey Globefish Diodon nicthemerus| 75 5.00 0 0.00 50 0.50 25 0.25 17 0.17 25 0.25 0 0.00




Coronet Bay: Caulerpa
Hastings: Invertebrate Isolates
Hastings-SG: Zostera seagrass
Loelia Shoal: Caulerpa

Figure 19. Average (+1 SE) species number of fisbltected by mini otter trawl. NB Hastings-SG
location was only sampled in autumn
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Figure 20. Average (+1 SE) abundance of total fistollected by mini otter trawl. NB Hastings-SG
location was only sampled in autumn



Table 5. ANOVA results for fish collected by mini d¢ter trawl at three locations over two seasons.
Significant P-values are in bold

Source df | Species Number Total Fish Total Fish tleng
F P F P F P

Season 1| 0.165 0.689 1.001 0.310 22.92<0.001

Location 2| 16.471) <0.001| 25.993| <0.001| 0.494| 0.618

Season x Location| 2 0.267 0.769 2.562 0.105 1.285 0.314

Error 18

Table 6. ANOVA results for fish collected by mini dter trawl at four locations in autumn.
Significant P-values are in bold

Source df | Species Number Total Fish Total Fish tkeng

F P F P F P
Location 3 4.294| 0.028| 4.690| 0.022| 13.75| <0.001
Error 12

Coronet Bay: Caulerpa
Hastings: Invertebrate Isolates
Hastings-SG: Zostera seagrass
Loelia Shoal: Caulerpa

Figure 21. Average (+1 SE) abundance of leatherjaeks, Acanthaluteressp., collected by mini otter
trawl. NB Hastings-SG location was only sampled iautumn



Coronet Bay: Caulerpa
Hastings: Invertebrate Isolates
Hastings-SG: Zostera seagrass
Loelia Shoal: Caulerpa

Figure 22. Average (+1 SE) abundance of CobbleGymnapistes marmoratysollected by mini otter

trawl. NB Hastings-SG location was only sampled iautumn

Coronet Bay: Caulerpa
Hastings: Invertebrate Isolates
Hastings-SG: Zostera seagrass
Loelia Shoal: Caulerpa

Figure 23. Average (+1 SE) abundance of Little Weed/hiting, Neoodax balteatuscollected by mini

otter trawl. NB Hastings-SG location was only samlgd in autumn



Coronet Bay: Caulerpa
Hastings: Invertebrate Isolates
Hastings-SG: Zostera seagrass
Loelia Shoal: Caulerpa

Figure 24. Average (+1 SE) abundance of Spotted Rifish, Stigmatopora arguscollected by mini

otter trawl. NB Hastings-SG location was only samgd in autumn

Coronet Bay: Caulerpa
Hastings: Invertebrate Isolates
Hastings-SG: Zostera seagrass
Loelia Shoal: Caulerpa

Figure 25. Average (+1 SE) abundance of Grass Whitj, Haletta semifasciatacollected by mini

otter trawl. NB Hastings-SG location was only samgd in autumn
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Figure 26. nMDS plot of log(x+1) transformed abundace of fish collected by mini otter trawl




Figure 27. Average (z1 SE) length of fish collectealy mini otter trawl
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Figure 29. Length-frequency distributions for Stigmatopora argugollected by mini otter trawl
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Figure 30. Length-frequency distributions forNeoodax balteatusollected by mini otter trawl
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Figure 31. Length-frequency distributions for Acanthaluteres spcollected by mini otter trawl
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Figure 32. Length-frequency distributions forHaletta semifasciataollected by mini otter trawl



Discussion

Specificity of fish habitat relationships in WestePort

This study indicated that there was a spectrunabftat requirements from relatively broad to
quite specific amongst the fish species recordef@stern Port. Some species that have
previously been found to be common in sub-tidiadtera such as Sixspine Leatherjacket,
Meuschenia freycinetLittle Weed WhitingNeoodax australisGrass WhitingHaletta
semifasciataand Bridled and Toothbrush Leatherjackéisanthaluteresp., Rough
LeatherjacketScobinichthys granulatysand Southern Pigmy Leatherjacik®tachaluteres
jacksonianuswere also found to be commonQ@aulerpaandAmphibolishabitat in this study.
Given that these species have previously been skmWa not associated with unvegetated
habitats, the results suggest that there is arcias®m with plant structure, rather than with a
specific plant type such as seagrass. This resalipported by a number of studies that suggest
that it is the presence of structyrer se rather than the presence of a particular hatyipe, that
is important to many fish species (Jenkins and W4 998, Heck et al. 2003).

Another suite of species previously found to be mm inZostera including Spotted Pipefish,
Stigmatopora argysCobbler,Gymnapistes marmoratuSouthern Cardinal FisNjncentia
conspersaand Wood’s siphonfisi§iphamia cephalotesvere found to be common @aulerpa
habitat but were not recordedAmphibolishabitat. This may be partly due to the inherent
differences in the sampling techniques used irnlehabitats, with small and/or cryptic species
unlikely to be seen on underwater video. Spotteefidh tend to be highly camouflaged in
seagrass through shape and colour, while CobbteBanthern Cardinalfish are likely to stay
within the seagrass canopy during daylight. Spqtipdfish, have, however been recorded on
stereo video in shallo&osterabeds in Port Phillip Bay (Rajapakse 2012), indigathat the lack
of this species ilmphibolismay not be a sampling artefact.

In general, the number of shared species recorddkistereo video survey and the mini otter
trawl sampling was relatively low. This differemeeuld partly reflect the biases of the two
methods, for example, pelagic schooling fish sieBitver TrevallyPseudocaranx georgianus
and Australian Herring and SalmaXrripis sp., are more likely to be recorded on stereoovide
than to be captured by otter trawl. Differencesaise likely, however, to be a reflection of the
relatively exposed, coastal environment in the \W@sEntrance segment compared with the more
sheltered environment sampled with the otter tréwiumber of taxa recorded on stereo video
would generally be regarded as coastal specigmrticular, a suite of coastal reef species were
mainly recorded at the Cat Bay and Point Leo locatiwhere low- to high-relief reef was

present. These species included Bluethroat Wraksielabrus tetricusierring CaleQlisthops
cyanomelasScalyfin,Parma Victoriage Marblefish,Aplodactylus arctidengnd Rainbow Cale,
Heteroscarus acroptilisThe more sedimentary locations wAmphibolis(Flinders and

Balnarring) had much higher abundances of spedigs asAcanthaluteresp.,M. freycinetj and
Odacids N. balteatusandH. semifasciatpthat were also commonly recordeddaulerpa

habitat. It is interesting to note that communitiyedences in the Western Entrance segment were




more related to the presence or absence of rdedrretan the type of plant habitat given that
macroalgae dominated at Cat Bay wiilaphibolisdominated at Point Leo.

One species that was characteristic of the sedangAmplibolislocations (Flinders and
Balnarring) as opposed to the higher-relief ree&tmns (Cat Bay and Point Leo) was the weedy
seadragorPhyllopteryx taeniolatudn contrast to other common species from Flindas a
Balnarring,P. taeniolatusvas not recorded in the mini otter trawl sampligaulerpaand
Zosterahabitat. This is consistent with a lack of recaofighis species in previous sampling of
Zosterain Western Port or Port Phillip Bay. The resuliggest thaP. taeniolatusnay have a
fairly specific habitat preference f&mphibolisbeds growing on low-relief bottom, at least in the
western segment of Western Port. It should be nibtgidin other areas, populationshof
taeniolatushave been recorded over seagrassphibolisandPosidonia habitat (Kendrick and
Hyndes 2005) and coastal keffgklonia radiata dominated reef habitat (Sanchez-Camara and
Booth 2004, Sanchez-Camara et al. 2006).

Stereo video sampling in the Western Entrance segst®wed both higher species richness and
TiV of fish at the Flinders location compared te thther locations. This result may partly reflect
the influence of water clarity on the efficiencystéreo video sampling (Shortis et al. 2009). For
example, amongst locations in the Western Entraagenent, Flinders generally had the highest
visibility while Balnarring had the lowest, reflaag their relative proximity to coastal waters.
The effect of water clarity on sampling efficiencannot be separated from the possibility that
species richness and TiV are higher in clear wdtecause fish species prefer these
environmental conditions (or survive better undhese conditions).

Another difference between the low-relfphibolishabitats of Flinders and Balnarring

compared to the higher-relief habitats of Point bed Cat Bay was that the former had more
smaller (<120 mm), mostly juvenile, fish. This saegts that these habitats are fulfilling a

“nursery” area role for some fish species, sinmiteZosterahabitat (Heck et al. 2003). Distinct
seasonal differences in fish length were also agpan stereo video sampling in the Western
Entrance segment with a smaller average size bidigsutumn. Many seagrass-associated species
spawn in spring, and therefore smaller juvenilavidials tend to occur in autumn compared to
spring (Jenkins et al. 1997b).

Strong spatial differences in the comparison oftkinee ‘Caulerpd locations mainly related to
significantly reduced species richness and fismdhoce at the Hastings location relative to the
two Rhyll segment locations. This most likely retkethe very patchy distribution Gaulerpaat
Hastings where it was mainly associated with smakrtebrate isolates that were sparsely
distributed in a habitat that was predominantlyegetated sediment. This is in contrast to the
two locations in the Rhyll segment where extenbieds ofCaulerpaoccurred, with plants
growing directly in the sediment. These resultggasg that similar to findings for seagrass; fish
species richness and abundance is greater in vedebégh complexity habitats than
unvegetated, low complexity habitats (Ferrell ardl B991, Jenkins et al. 1997b, Heck et al.
2003).




The suite of species recordeddaulerpacactoidesvas similar to those previously recorded in
sub-tidalZosterain Western Port (Edgar and Shaw 1995, Hindell.2@4) and other Victorian
bays (Jenkins et al. 1997b). This was supportethdygomparison of fish recorded@aulerpa
habitat with those collected froAosterahabitat at the Hastings location. Species richaess
abundance of fish idosterawas in the range recorded@aulerpain the Rhyll basin, and
community analysis indicated a high overlap in Bislsemblage structure amongst these locations.
Some possible differences were apparent, howevtran approximately five-fold greater
abundance of Spotted PipefiStigmatopora argusat the Hastings seagrass location relative to
the Caulerpalocations. In terms of potential camouflage, trerphology of Spotted Pipefish is
much closer t@osterablades thaiCaulerpafronds. Previous studies have compared fish
communities in seagrass with the invasive aligylerpa taxifolia York et al. (2006) conducted a
field comparison of fish assemblages in seagraZessera capricornandPosidonia australis

as well agCaulerpa taxifoliaand found that although abundance was similarsadnabitats,
species richness was lowerQaulerpa One of the reasons for lower species richness in
Caulerpawas fewer syngnathid (pipefish) species compairiéd seagrass habitats (York et al.
2006). In mesocosm experiments, Burfeind et al092@ompared habitat preference of three fish
species for seagrasSaulerpa taxifolia and unvegetated sediment, and found that fisiepesl
vegetated habitats to unvegetated sediments, danedre vegetated habitats preferred seagrass
overCaulerpa Syngnathids (pipefish) were observed attachirgetgrass but not @aulerpa
possibly explaining the preference of the spemeséagrass (Burfeind et al. 2009).

As was the case with locations in the Western Bogaegment, mean fish length was greater in
spring than autumn for mini-otter trawl samplindgngwas partly a reflection of growth of
juveniles spawned in the previous spring (for exi@haletta semifasciatat the Coronet Bay
location), and also the fact thHatigmatopora argus/ere much more common @aulerpain
spring than autumn. In autumn, the mean lengtisbf\fas greater in the Hastings seagrass
location than the other locations. This was a o#tbe of the high abundance $f argusn the
seagrass habitat, and also the fact that two c®bbjuvenileH. semifasciataccurred in the
seagrass location, while @aulerpaonly the youngest cohort was present. It is pdsshat
largerH. semifasciatdnave a preference f@wosteraover Caulerpg although conclusions are
limited by the fact that only one seagrass site se@spled, and differences may reflect spatial
variation.

Resilience of fish populations to habitat loss tlugh the use of alternative
habitats

This study suggests that habitats suc@aslerpa and to a lesser extetmphibolis can provide

a refuge habitat for many species commonly fourdosterain Western Port. However, these
habitats, both in Western Port and elsewhere (¢b&d. 2006), tend to occur deeper than much
of theZosterahabitat, particularly the intertiddlostera muelleriPrevious research has shown
that there are often distinct differences in fiseeanblages in seagrass depending on depth (Bell
et al. 1992, Jenkins et al. 1997b, Jenkins et(dl2@, Smith et al. 2012), including fdostera
habitat in Western Port (Robertson 1980, EdgarStralv 1995, Jenkins 2011). Thus, fish species




that are primarily associated with shallow seagbesis will be less likely to find refuge in these
alternative habitats.

Even for fish associated with deeper sub-tidal taddi the presence of these habitats will be
unlikely to prevent major population declines @hfiwhenZosterais lost. For example, after the
major decline irZosteraseagrass in Western Port in the 1970s, speciearhassociated with
Zostera CaulerpaandAmphibolis such as Sixspine Leatherjacket and Grass WH(diegkins et
al. 1993, Edgar and Shaw 1995), showed major declimcommercial catch and catch per unit
effort, indicating that although alternative hatstenay provide a refuge for a small part of the
population, this was not sufficient to prevent dee$ occurring.

Decline in fish populations aft@osteraloss when refuge habitats are available may simply
reflect the greater area dbsterain Western Port compared to the other habitatsekample,
habitat mapping in 1999 indicated ttatsteracovered an area of approximately 100°km
compared with 20 kfnfor Amphibolisand < 10 krhfor Caulerpaalgae (Blake and Ball 2001).
BeforeZosteraloss in the 1970’s, the relative areaZoterawould have been much higher
(Blake and Ball 2001). Another potential factaowever, is that the alternative habitats may be
less suitable for settlement of larvae of thede digecies, even though older juveniles are capable
of utilising these habitats. For some speciessptdement larvae are distributed near the surface
of the water column, and therefore larvae tendiy settle in shallow habitat. As juveniles grow
they gradually move into deeper habitats. An exanoplhis is King George Whiting,
Sillaginodes punctatysvhere pre-settlement larvae occur within thertagire of the water
column (Hindell et al. 2003), and then only seittlishallow seagrass (Jenkins et al. 2012a). As
the juveniles get older they move to deeper seadralsitats (Jenkins et al. 2012b). Therefore,
loss of shallow seagrass habitat, as occurreceid®#70s, will not be compensated for by the
presence of deeper sub-tidal habitats. In additidhe influence of larval settlement depth, the
use of alternative habitats by settling larvae dlaffected by the spatial distribution of halsitat
Again, using the example of King George Whitingportant areas for larval settlement are
strongly influenced by current patterns deliveriaxyae (Jenkins et al. 1997a, Jenkins et al.
1998). In Western PorZosterabeds in the area of Crib Point are known to coests/ receive
high settlement of King George Whiting (Roberts®77, Jenkins et al. 2000), most likely
because of their position in relation to the tramspf larvae into the Western entrance. If
alternative habitats do not occur in areas thaivedarval settlement then they will not
compensate for loss of habitat in these areas.

Understanding and Refinement of Asset Areas frone therspective of Fish
Biodiversity

This study provides data on fish biodiversity fananber of the marine asset areas previously
identified for Western Port (Kent and Jenkins 2012)

The results for stereo video sampling in the Weskartrance suggest that tAephibolisbeds,
particularly those on low-relief sediments, areeg kabitat for the Weedy Seadragon, an iconic
syngnathid species that is State marine embleitoria. The species richness recorded at the




Flinders location was higher than recordedZosterabeds using the same methods near Mud
Islands in Port Phillip Bay (Smith et al. 2012).\Ke&conomic species such as King George
Whiting and Southern Calamari were recorded éwaphibolisbeds at the Point Leo location.
This study lends strong support to the validityrad currently defined asset area encompassing
the Amphibolisbeds extending from Flinders to Somers (Appengli@Blake et al. 2012).

This study shows that thi@aulerpa cactoidebeds that extend from Corinella southward along
the coastline to near the entrance of the Bass iRi\an area of high fish species richness and
abundance, exceeding values for the sub-tidal asadpcation at Hastings, and suggesting the
asset has high biodiversity value for fish. At prasthese beds are not defined as a marine asset
and they straddle part of the South-east Basirt assiepart of the Bass River delta and Reef
Island assets (Appendix 1). As such, the bedsnateded within two adjacent marine assets,
however, the results of this study would strongtyug for an additional asset to be defined that
encompasses tt@aulerpa cactoidebeds in this area.

In contrast to thédmphibolisbeds in the Western Entrance &walilerpabeds in the eastern

Rhyll basin, the asset area encompassing the ritiothelds inside the Eastern Entrance to
Western Port (Appendix 1) (Harvey and Bird 2008nKand Jenkins 2012) appears to be of very
low biodiversity for fish. Few fish species weresebved on this habitat using stereo underwater
video in this study in spring and autumn, suppgrsmilar results obtained by Blake et al.
(2012) at the same location using the same meithodster. At the scale of size and movement
of fish, rhodolith beds form low-relief areas ofatevely low complexity (Harvey and Bird 2008),
and as such may not provide sufficient habitatcstme to support high fish diversity.

The results in relation to fish biodiversity asswed with sedentary invertebrate isolates in the
deeper channels of the Southeast Basin assetAgrpar(dix 1) (Kent and Jenkins 2012) were
inconclusive due to poor visibility in the area.€eTielatively high turbidity and significant current
movement would explain the prevalence of sedentamgrtebrates as opposed to algae or
seagrass in these deeper areas. Sampling of fteisihabitat is problematic because low
visibility affects video sampling while trawl netguld become snagged on the large isolates
(Figure 1). One potential sampling method for fisat could be used in the future is dual
frequency identification sonar (DIDSON) (Beckerakt2011). DIDSON uses acoustic lenses to
create high-quality video images that can defireditline, shape and even fins of target fish.
Importantly, the technology is particularly effectiin dark or turbid conditions where visibility is
otherwise poor. Further sampling is needed to eglre areas of the Southeast Basin asset that are
of biodiversity value to fish, including the imparice of habitats in the area to spawning of
elephant fish (Braccini et al. 2008).

Conclusions

Species that have previously been found to be camimbosteraseagrass were also found in
Caulerpahabitat, and to a lesser extenfAimphibolishabitat. Most species were able to utilise
different plant habitats although some were moeziig, such as the Weedy Seadragon that was
only recorded ilAmphibolishabitat. Multivariate analysis indicated that conmity structure was




very similar betweeaulerpaand a reference sub-tidabsteralocation. One distinct difference,
however, was much higher abundances of pipefigtogierahabitat, supporting previous studies
showing that syngnathids prefer seagrass Gaellerpahabitats. Although there was significant
overlap of species amongst sub-tidakteraand the alternative plant habitats, this may mothe
case for the fish associated with intertidal arallelv sub-tidalZostera(which show differences
from those in deeper sub-tidabsterg because these alternative habitats tend not @tcur
shallow depths.

The presence of many fish specie€aulerpaandAmphibolishabitat that have been previously
recorded irZosterahabitat suggests that these habitats may providauge for these species in
the case oZosteraloss. However, evidence from commercial fish caschfter the majofostera
decline in the mid-1970s suggests that speciesbtapéutilising multiple habitats still showed
significant population declines. This may be paetkplained by the larger areafdsterahabitat
relative to the alternative habitats. Additionalpwever, the depth and location of alternative
habitats may not be as suitable for larval setttgrasZosterahabitat. Many of the juvenile fish
in the alternative habitats may have initially leettin Zosterahabitat. Thus, alternative habitats
may provide some measure of resilience by providingfuge for a low level of fish populations
in the face oZosteradecline, however, they will not provide protectioom major population
declines, and also may not provide a refuge focisgavhere larvae settle primarily in shallow
habitats or in locations dominated bgstera

Some of previously defined marine assets for Wadtert were assessed from the perspective of
fish biodiversity based on this study. The curnedifined asset associated witimphibolisbeds

on the western coast of the Western Entrance sdgmaanfound have significant biodiversity
value for fish, including the only populations oeé&tly Seadragons recorded in the study. The
Caulerpabeds on the eastern side of the Rhyll Segment alsecefound to have high fish species
richness and abundance, indicating significantibergity value for fish. These beds, however,
have not been defined as a marine asset, andghsref this study would support the addition of
this area to marine assets of Western Port. IrrastntoAmphibolisandCaulerpabeds, very few
fish species were recorded on rhodolith beds, stggethis asset area has low value from the
perspective of fish biodiversity.

The main conclusion of the study was that althosmyine species previously recordedostera
habitat can also utilise alternative habitZigsterahabitat is nevertheless the most critical for fish
biodiversity in Western Port because of its extemspatial cover and unique role for larval
settlement/development in shallow areas, as wedupporting some unique species, in particular,
pipefish and seahorse species. Thus, althougmatiee habitats provide a potential refuge for
older juveniles and adults of some fish specidhénevent oZosteraloss, the maintenance of

fish biodiversity in Western Port relies on thegigtence of significant areasddstera

particularly in the intertidal, shallow sub-tidairze.
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Appendix 1. Marine asset areas for Port Phillip Bayand Western Port



