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ABSTRACT

‘ 
This report details the results of a study of marine fouling at

HMA S STIRLING in Careening Bay, Weste rn Australi a. Non—toxic panel s
wer e iiimiersed for varying times below Submarine Wharf between
October 1976 and April 1978 . The identity and seasonal variati on in
settlement of fouling species were determined . Coiuunity development
was primarily dependent upon the temporal sequenc e of settlement and
growth of organis ms, although one e~’mp1e of biotic succession was
not ed . The mar ine fouling in Careening Bay was compared to fouling
comunities at Naval establish ments on the eastern coast of Australia .
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MARINE FOULING AT HMAS STIRLING WA

OCTOBER 1976 - APRIL 1978

1.0 INTRODUCTION

Marine fouling is the assemblage of marine organisms that attach to ,
and grow upon , underwater objects . Buoys , whar f piles , ship hulls , under-
water cables and conduits suffer reduced efficiency due to the growth of
seseile plants and animals which constitute marine fouling cosmunities.
Fouling also reduces the efficiency of underwater listening devices and
affects the hydrody namic character of sonar domes resulting in an increase
in water noise.

The characte r and intensity of marine fouling varies greatly with
geographic, environmental and seasonal factors (De Palna , 1963) . Conae—

• quently , measure s which effectively inhibit or reduce fouling growth in one
• harbour may not have the sane effect in another location . A detailed

biological program to determine the characteristics of fouling is essential
to ascertain whether measures need to be taken to protect underwater equip-
ment , and to determine how long equip ment will remain functional if pro-
tective measures canno t be taken . Similarly , assessment of the efficiency
of anti—fouling coatings in a specific region cannot be made without first
knowing the patterns of settlement and development of the marine fouling
co~~ mity for that area (Mm.atar i , 1967).

Until recently , inf ormation on marine fouling in Australian waters was
restricted to studies in Sydney Harbour (Allen and Wood , 1950; Wood, 1950;• Wood and Allen, 1958; Wisely, 1959). An increased awareness of the n..d for
information fr om other regions has led to reports on the marine fouling in
Tropical North Queensland (Garret and Ledbury, 1974; Zann, 1975; Garret ,
1976), Williamatoim Naval Dockyard , Victoria , and Gard en Island Naval
Dockyard , Nsw South Wales , (Russ , 1977), and Careening Bay , Western
Australia (Prem.ntl. Port Authority, 1970— 1974) . Ongoing projects include
a study of fouling in Port Phillip My, Victoria (Best.d Effluent Study
Group, 1973) and Car eening My, Wester n Australia (Chalmers, personal
co~~ ’nication) .

The Marine Inviroiment Group is conducting a research progr to
charact.ris. and compare the marine fouling at a amber of sites of Naval
interest around the Australian coast • Thes. sites are located near

1
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Lnnisfail , North Queensland , at Christmas Island in the Indian Ocean,
Williaastown Naval Dockyard , Victoria and at the recently constructed Nava l
Support Facility IDUIS STIRLING in Careeni ng Bay , Western Australia .

This report details the results from a study of the mar ine fouling at
the HMA S STIRLING site. The study provides information on the seasonal
variation in settlement and the development of the fouling co mity.

Little previous information exists on fouling along the West Australian
coast . As part of an investigation into the Cockburn Sound ecosystem
(Fremantle Port Author ity ,1970—1974) the growth of fouling was survey ed on
the Garden Island Causeway, which runs adjacent to Careening Bay. W~iile this
study yielded inf ormation on the composition of the mature co~~ anities in
th . region , it did not supply data on the seasonal variation in settlement
of organisms, or on the early developmental stages of the fouling co~~~znity .

This rep ort is intended to be of practical use to persons attempting
to maximise the performance of underwater equip ment utilised in the course
of naval activity . It will also add vital biological data to the overall
study of the Cockburn Sound region.

2.0 METHODS

2.1 Exposure Site

Experiasntal pemels wars 4—,rsed for fixed times on a frame suspended
three metres below the Submarine Wharf at RM&S STIRLING in Careening Bay
(Pig . 1). Due to shad ing by the wharf , the frame received 20Z sunlight
during ~~~~~~ daylight hours. Conditions in Careening Bay are marine
(Pett i., to be pwhli.hsd) .

2.2 Imasrsiou Sequence

Black , unpla.ticised polyviuylchlorids (PVC) panels , measuring 15 cm x
30 cm, were s.ndblaatsd to produce a dull surface and weighed before
ismersion. Plastic mabars were attached to each panel for identification.

During the first twelve months of the trial (October 1976 to Octob er
1977) four series of panels were exposed . The first , designated the J—series,
consisted of twelve panel ., each being i srsed for one month. This series
yielded information on seasonal settlement patterns of fouling orgsni .
The second series, designated the V—sari.., consisted of four panels which
were succ. .sively inesrsed for three-month periods to supply data on the
slower settl ing species which would not be detect.d on the one-month panels.

• The third , the X-seriss, consisted of twelve panels which were all imasrsed
at the c~~~~nc snt of the trial, and r oved at one-month intervals • The
aim of thi. saris. was to document the changes which take place dur ing the
development of the fouling co~~~mity .

The fourth series, the A-series, consisted .f panel . which were i srsed
at the start of the progr (October 1976) • The first of these panels was
removed aft er fosrt en months imaers ion, and the rema inder at successive .~~~ ,

2
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two—month intervals. The aim of this series was to generate information on
the longer term developmen t of the fouling comsunity.

At the end of the first twelve months of the trial , October 1977 , a
second imeersion series of one—month replace ment panels , the S—series , was
implemented to follow on from the 3—ser ies. Four comaunity development
panels were also imersed at that time to be removed at three—monthly
interv als.

Upon removal from the frame , the panels were preserved with formalin
and returned to the Materials Research Laboratories for ana lysis.

2.3 Analysis of Panels

The following laboratory methods were used to analyse the fouling on
the panels

(i) The front and back of the pane l were photographed .

(ii) All species on the panels were identified using a binocular
dissecting microscope , magnification ra nge x6 to x40.

(iii) Species densities were assessed by either individual or
colony counts. Counts were made of every individual or
colony of each species which occurred within two 13 cm x
3 cm transects situated 7 cm from the top and bottom of the
panel (Pig. 2). A 1 cm strip around the edge of the pane l
was not assessed to remove possible anomalies towards the
edge of the panel . Species density was expressed as the
number of individ uals or colonies per 0.01 m2 .

(iv) Large spreading colonies could not be assessed satis factor ily
by the measurem ent of species density . For these species ,
the percentage cover was maasured using a 0.5 cm grid over
a 24 cm x 13 cm area of the panel . The number of intercepts
of each species with the grid was recorded.

(v) The wet and dry (panel oven—dried at 8 0 C  to a constant
weight ), weight of fouling on the panels were measur ed • The • •

biomass of the prominent organisms on the panels were also
recorded .

Density counts and cover were assøssed separately for the back and
front of the panels. Reported numerical values f or these parameters are

• avera ges of the values from the two sid*s.
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3.0 RESULTS

3.1 General

The periods of i sraion of the panels analysed for this report are
shown in Figure 3. Panels 31, .32 , 33 and Xl were lost in transit from
HMA S STIRLING . Panel Yl was i ersed for a month longer than scheduled ;
hence Y2 was only i ersed for two months .

Eighty—four animal species were collected on the panels examined.
These are listed in Table 1. Sixty—five were sessile species and nineteen
were errant or free—moving organ ism.. No alga was collected on the panels .

The maj or fouling organism. at the Careening Bay site , as well as
those in Eobson’s Bay, Victor ia and Garden Island , New South Wales (from
Russ, 1977), are listed in Table 2.

The average monthly surface water temperatures for Cockburn Sound are
shown in Figure 4. The connected values are an average of temperatures
recorded for 1960 , 1961 and 1963 at the Kwinana Refinery (Wilson and Hodgkin,
1967). Supplementary points are those temperatures recorded at HMA S STIRLING
du ring 1977 (Pettis , to be published) .

3.2 Seasonal Settlement Series

3.2.1 One-month replacement panels: Febru ary l977~to April 1978

The monthly intensities of settlement of the prominent animal fouling
species at HMA.S STIRLING are illustrated in Figure 6. The total number s of
species found on each monthly panel are shown in Figure 5.

3.2.2 Three-month replacement panels: October 1976 to October 1977

The abundances of the prominent organism, found on the three- month
i er sion panels are shown in Table 3. The sum of abundances of these species
on the corre spondi ng one-month i srsion pane], are also tabulated .

Pour species were recorded on the three- month replacement panels that
were not observed on the monthl y ime.r s ion panels or c~~~ ’nity development
series. These are indicated in Table 1.

3.3 ~~~~~~~~~ Dsvelosumit Series

3.3.1 October 1976 to April 1978

The changes in abumdances with time of the prow4”ent animal fouling
species are shown in Figure 7. Photograph. of the fouling co anit iss on the
panels imsersed for two, ten and sixteen months are presented in Plate 1.

The tubeworm Spirorbia op. (Pig. 7a) and several compound ascidian.,
including ir1did~~~um op. (Pig. 7b), exhibited heavy settlement on the
freshly i sre d fouling penal.. This was followed by a lar ge influx of the
barnacle, Ielanua trigneias (Pig. 7c) and tubeworn Salascina dyat .r i (Pig. 7d)
during late _ r/eerly auti (Plate la).

4
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Throughout winter, recruitment of sessile species was reduced (Fig. 8)
and changes to the cosmunity were brought about by the increasing prominence
of slow growing forms which settled during autumn . The j ingle shell , Anomie
descrip ta , the erect bryozoa Tricellaria op. and Bugula stolon.ifera, the
solitary ascidian Microcosmus op. and the encrusting bryozoan Rhamph ostomella
op. grew over the early colonisers and eventually dominated the panels
(Plate lb) . An example of the growth of the sedentary forms is shown by the• increase in the weight of the mollusc , Anomie descr ipta (Pig. 9). The
mussel, Nytilus edulis settled in large numbers in late winter (Fig . 7e) .

The number of errant species increased with the size of the fouling
cosmunity. Errant species were generally found in low abundances and did
not contribute greatly to the biomass of fouling. By late spring , the number
of sedenta ry and errant species had stabilised at around thirty—four per
panel (Fig . 8).

In October , a major change to the co~~ inity occurred as the mussel,
Mytilus edulis , grew to cover large area s of the panel (Plate lc) . The
growth was reflected by an increase in dry weight of individual mussels
(Fig. 10). The number of mussels found on the panels fell during the sane
period (Fig . 10) .

During sumser a resurgence of many species occurred as the spat of
these organisms settled on the sur face of the Mytilus and Anomie op. The
incr ease in settlement was pronounced for Balanus trigonus (Fig. 7c) and
Spirorbis sp. (Fig. 7a). Most species then exhibited a drop in abundance on
the eighteen—month panel (Fig. 7).

The fouling cosmunity present on the panels after eighteen months
ismersion was consequently dominated by Mytilus edulis , although several

• large Anomia descripta and ascidian individuals persisted . Many small
species had settled on these larger organi sms in the intense settlement

• period dur ing simmer .

The biomass of fouling after eighteen month. ismersiou at HMAS STIRLING
and twelve months at Williamstown Naval Dockyard , Victoria , and Garden Island
Dockyard , New South Wales (Russ , 1977), are illustrated in Figure 11.

3.3.2 October 1977 to April 1978

After six months iineroion, the composition of the fouling cosmunity
on the co~~ anity development panels lasersed in October 1977 resembled that
observed for the correspond ing per iod the previous year (Fig . 7). There was
however a marked increase in the abundance of the jungle shell , Anomie
descript a (Fig. 7e). After six months’ imersion the greater abundance of
this organism resulted in a much larger cosmunity biomass than that recorded
in Careening Bay for the same period the previous year (Fig. 11) .
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4.0 DISCUSSION

4.1 Seasonal Variation in Settlement

4.1.1 One-month iemersion panels

The animal species collected durin g this program showed marked seasonal
variations in settlement. The heavy settlement period coincided with the
warme r temperatures of Summer/Autumn . Sumser settlemen t is typical of
temperate fouling sites (Russ , 1977) with the reproduction of many organisms
completely suppressed in the winter period (Woods Hole Oceanographic
Institute, 1952).

Balanus trigonus and Trididenznum sp. settled throughout the year but
settlement was reduced during the colder months (Pig. 6). Skerman (1958)
attributed peaks in the settlement of the barnacle Elminius nvdestus to
periodic increases in the survival of the free living naup lius stage , which
was primarily dependent upon food availability. Nauplius survival, which
would have led to an increased number of spat that achieved sessile status ,
may have similarly controlled settlement rates f or Balanus trigonus in
Careening Bay.

Spirorbis sp. had two distinct settlement peaks (Fig. 6). This suggests
that some aspect of the reproductive or settlement processes was inhibited
at the maximum and minimum temperatures of the yearly range. Settlement
rates may also be influenced by the survival of the free swlming trochophore
larvae. Alternatively, two species of Spirorbis may have been present , with
one species reproducing under the stimulus of cold temperatures and the
other during the warm susmer months .

Reproductive activity of Mytilus was inhibited by high simmer tempera-
tures , as gametic development only occurs when the temperature falls below
2 l C  (Wilson and Hodgkin , 1967). Spawning and spatfall consequently occurred
in July when temperatures were at a minimum (Pig. 7e) .

The patterns of settlement observed duri ng the first six months of the
second year did not coincide with those seen in the first year of the
program (Fig . 6). The barnacle Balanus trigonus showed an increased settle-
ment , while most of the other species showed reduced recruitment • The
increased abe la c e  of barnacle spat may have precluded the settlement of
other forms, but it is possible that the settlement of some organisms
fluctuates on a two, or three , year cycle rather than annually . The presence
of parent stock on nearby surfaces , such as the fouling rig , also has a
marked influence on the settlement of organisms on the panels (Lewis, in
preparation), and this may have inf luenced the settlement of organism, in
Careening Bay.

The variations observed in the settlement rates from successive years
exemplify the need for an extended period of data collection if an accurate
understanding of the settlement of fouling organism. at a particular site is
to be gained .

6



4.2 .2 Three-month imnersion p anels

The trends in settlement on the three—month panels were similar to
those observed on the one—month panels. Some species , such as Mytilus
edulis and Balanus trLgonus , were found in much greater numbers on the
three—month panels compared to the sum of the one—month panels for the
corresponding months (Table 3).  The reasons for these differences are
discussed below.

• The four species found exclusively on the three—month replacement
series were represented by only single individuals. The three —month
ismersion series was not continued beyond the initial twelve months of the
program as it did not contribute a significant amount of additional
information.

4.2 Ccemunity Development

4.2.1 Stages of development

The fouling co sunity that developed upon newly imnersed surfaces in
Careeni ng lay exhibited the following stages in its progression toward a
stable climax coumunity

(i) Heavy settlement of small opportunistic organisms which
matured rapidly .

• (ii) Settlement and slow growth of larger organisms which eventually
• overgrew and smothered the initial colonisers. This overgrowth

resulted in the reduced abundances of the early colonisers
shown in Figure 7.

(iii) Initial colonisation by errant species which uti lised the f ood
and shelter afforded by the larger sessile organisms.

(iv) Intense settlemen t of Nytilua edulis which grew rapidly to
cover most of the established fouling. This stage of develop—

• sient occurred eight months after the iasersion of the panels ,
and the mussels grew to an average length of 3 cm in the
following ten months . After the initial high settlement, the
abundance of mussels on the panel dropped as individuals grew
(Pig . 10) , which suggests that space may be limiting, and a
large number of mussels are physically excluded from the panel.

(v) During sumeer , the spat of many organisms settled on the larger
MytLLus and Anomie individuals. The abundance of these species ,
such as Balanus tr.igonua (Fig ., 7c) , consequently increased.

(vi) The eighteen—month pane] showed a marked reductiov in abundances
for most species (Fig. 7), and severa l large bare patches were
present on each side of the panel. Nytilu . byssal threads and
Anomia bases adjacent to these bare patches indicate d chat some
of the populat ion of these spec ieø, which had been pr esent in
the sixteen—month co~~~n1ty , had fallen or been forced out of
the fouling co~~~wity . This fall—off caused the declin, in the
abundance of the species which had attached to these lar ger
organisms .

7
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Increased predation (Karison , 1978), or deterioration in
water quality , such as an increase in temperature due to therma l

• discharge (McCain , 1975), would be possible causes of the drop—
off • Bowsver , no evidence suggested that these factors were
present at the time of the change . The decline in abundance
was probably due to physical disturbance caused by the
affects of Cyclone ALBY which passed over the south of Western
Australia in March , 1978.

Mussel spat did not settle on the monthly replacement panels , although
spatfall was observed on the three—month imersion panels (Table 3) and on
the co~~~inity developm ent series (Fig . 7e) . Experiments have shown that
smooth surfaces attract fewer mussel spat when compared to roughened or
pitted surfaces (Seed , 1968) . In this stud y, the spat settled on the
roughened texture afforded by the established organisms on the development
series , but not on the relatively bare one—month ismersion panels . A
criterion for true biotic succession is that some of the early form, of a
cosmunity are essential for the establishment of later f orms (Shelford ,
1930) . The absence of Z4y tilus on panels which lack the substrate modifica-
tion suggests that the settlement of the mussels is a successional pr ocess
rather than a simple temporal sequence.

4.2.2 Cliiria: ’ cozmnunity

Mytilus edulis and several ascidian and algal species dominate the
rock facings and old pilings in Careening Bay (Fre mantle Port Authority ,
1970—1974) . The fouling cosmunity seen at the eighteen-month stage is
therefore approachi ng the naturally occurri ng climax atage of development as
observed for the Careeni ng Bay region . The absence of alga. from the panel
tria l, was due to the shaded position of the fouling rig beneath the
.ub.arine Wharf • It is therefore not known what effect algae would have on
toe sequence of development • observed in this trial.

4.3 Comparison with Other Regions

The marine fouling cosmunity that developed in Careening Bay contained
several species that are prevalent in other temperature regions of the
Australian coast. The barnacle Balanus variegatus, bryosoa Bugula neritina
and Cryptosula p aliasiana, and tubeworm Hydroides norvegica have been
recorded in fouling studies in Hobson ’s Bay , Victoria and Sydney Harbour ,

• New South Wales (Russ and Wake, 1975; Russ , 1977) . The uius.el, Nytilus
edul is , was promiflent in Careening Ley and has been similarly observed to
dominate the climax cosmunity in area t’ of Sydney Harbo ur (Wisely, 1939) and
Hobson’s Bay (Lewis , 1977).

The marked differences observe d between fouling at various regions
around the Australian coast are indicated by the comparison of the more

• prominent speciel found in Careening Bay with those from the east coast sites
(Table 2). No one upecies was a pro minent contributor to the fouling
co unity at all sites.

The dry weight of fouling in Careening Bay reached a peak of 3.3 kgm”2
of exposed panel surface after sixteen months i ersion (Fig. 11) . The
decline in biosass noted on the eighteen-month panel has been discussed

8 
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(Section 4.2).  The dry weight during the second year of the tr ial reached• 2.4 kg n ’2 after six months imersion, which suggests that the biosiass of
fouling in Careening Bay may be subject to considerable variation dependentupon the year of exposure. Both values however are much less than the
8.3 kg n” obtained at Garden Island in Sydney Harbour (Russ , 1977). The
biomass of fouling in Hobson ’s Bay , Victoria was reportedly 1.1 kg rn”2 after
twelve months imaersion (Russ , 1977), although a presen t study by Mater isisResearch Laboratories at a nearby site recorded 4.4 kg in”2 after six months
imsersion. These Figures indicate that the biomass of fouling in CareeningBay was also less than that obtained in Hobson ’s Bay.

5.0 CONCLUSIONS

(1) The settlement of organisms in Careening Bay showed marked seasonal
variation . The heaviest settlement of most species occurred during
the susmer months when water temperatures were highest .

(2) The fouling comaunity developed in several stages with the mussel
Mytilus edulis the dominant organism on the panels aft er eighteen
months iimnersion. The mussel—dominated cosmunity is typical of the

• ‘ climax cosmunity on hard substrata elsewhere in the Careen ing Bay
region .

(3) Some overlap in species composition occurs between the fouling at HM&S
STIRLING and temper ate sites on the east coast of Australia . However,
there is a marked difference in dominant species and therefore the
other conmunity characteristics of these sites.

• (4) The biomass of fouling in Careening Bay is less than that obtained in
Sydney Harbour , New South Wales and Hobson’s Bay, Victoria .
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T A B L E  3.

LIST OF SPECIES F~ JND OP FOULING PANELS
DOIERSED IN CAREEN C BAY. W.A.

PHYLUM PORIFENA (sponges) ANNELIDA
Sycoh .p. Sedentary :
Clathz ins sp • *pr,mat~~eros sp.
Sponge 3 Cirrif ormia f il igera
Sponge 4 Hydroides sp.

COELENTERATA • Hydroides riorvegica

Ob.1ia ~~ (1) H ydzoides ral umiana

Ob.lia sp. (2) Serp.z1i vermicularis

Rydroid 3 Sa lmaCina dysteri

Bydroid 4 Spionid sp. 1
Spionid sp. 2

PLATYHEI&IINTEES Te.rebella ehrenbergi
Errant: • Terebella pte rochaeta

Platyhe lminthes sp. 1 Eupo1~~nia sp.
ANNELIDA • 

• 

Thelepes pl agiostoma
Errant : Spirorbis sp.

• Syllia gracilia Sedentary polychaeta 1
Lepidonotus jackson i 

ARTHROPODA
L.pidonotua durbanensis Sedentary:
Polynoina. 5P. Balanus trigonus

• Nezeis caudata Balanus var.iegatus
Ceratonereis 5~~• Errant :
Eunic. sp . muma sp.
Eunice australia Caprellidae app.
Nyatides 5P• • • 

Aaphipoda spp.
SylllAae sp. Tanaidacea app.
Haraotho. emghl Brachyura app.
Errant polychaste 1
Errant polycha.te 2

12 
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T A B L E  1

(continued)

• MOLLUSCA CHORDATA

*CMaj nya asperri mus ASCIDIACEA :

• Ostrea sp. Styela p licat.a
Anomia deacripta Styela irma
Laniatir ia imp acta d ons intestinalis
Spondulus wrightianua • Nicrocoamus sp.
Hiatella australia Nolgula sp. (1)
Nyt ilua .dulis Molgula sp. (2)
Naculotriton austra lis Ascidia sp.
Pelecypoda sp. 2 Solitary ascidian 1

RYOZOA Perophora sp.

Bugula f labellata Trididemnum au.

Bugula stolonifera Botrylloides leachii

sugula neritina Botryllus schiosseri

Tricellaria sp. • Sympl egma viride

Crisia ~~ 
Compound aacidian I

watersipora ~~~ 
Compound ascid ian 2

Watersipora subovoidea Compound sac idian 3
• Schizoporella unicornis

Microporelia cornuta

Cryptosula palLasiana

Rhamphoatornella sp. 
•

Barentaia gracilia

Aetea truraca ta
Bowrerbankia imbricata

ECHINODERMATA
*Crmncid sp. 1

• * Species found only on 3-month i ersion panels CT—series)

13
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T A B L E  2

COMPARISON OP PRINCIPAL ANDIAL FOULING SPECIES

AT TUBE NAVAL ESTABLISHMENTS

JIfAS Stirlin g Garden Island Williamstovn
Naval Dockyard Naval Dockyard

Barnacles Balanus trigonua Balanus variegatua Balanus varLegatus
Elminius modestus

Ascidians Nlcrocoamua sp. Pyura d ons intestinalis
Stgela Irma at 01 onifera

Molluscs Ano.4a descripta Nytilus edulis
Ngtllua edulis

Bryozoa Rhamph ostcmella Wateraipora Bugula neritir ia
ap. subovoidea

Bugula stolonifera Bugula neritina Cryptoaula
pallaaiaria

Tricellar ia ap. Schizoporella
unLcornis

• •~~~~~~
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T A B L E  3

SETTLDIENT COUNTS OF FOULING ORGANISMS ON 3 MONTH IMMERSION

PANELS AND CORRESPONDING ONE MONTH IMMERSION PANELS

P a n e l s
Species

Y2 34, 35 Y3 36, 37, 38 Y4 39, 310, Jll

~a1anus tr igonus 54 51 151 • 25 22 7

Bugula stolonif era 104 140 25 69 1 15

Tricellar ia sp. 6 6 6 3 1 1

Mytilus edulis — — 20 1 14 6

Spirorbis ap. 246 375 241 179 550 288

Salmaciria dyster.i 16 13 37 31 1 2

Clathrina sp . 30 25 38 4 11 2

Anaazia deacripta 2 1 1 - 2 — •

rj ~

S
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