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Fouling Community Analysis

Analysis of the fouling communities on each settlement plate comprised three assessments: taxonomic
frequency, species diversity and biomass.

Fouling biomass

The wet weight of each settlement plate was recorded prior to analysis. Following analysis, the plates were
cleaned of fouling organisms and reweighed to determine the wet biomass of biofouling on each settlement
plate.

Taxonomic frequency

The percentage frequency of occurrence of individual taxonomic groups on each side of the settlement
plates was assessed by recording the presence/absence of each group (or bare space) in a series of
regularly-spaced squares (frequency assessment grid) placed over the plate (Committee CH-003 2004). The
frequency assessment grid comprised 25, 5 x 5 mm squares. The total number of ‘presence’ scores for each
taxonomic group represented the frequency of occurrence of that group. Following this assessment, any
taxons present that remained unrecorded were given a score of one in order to record their presence.
Frequencies of occurrence were then converted to a percentage.

This method of assessment allowed for the recording of species which may have been grown over by other
species. As a result, the sum of all taxon abundances may be greater than 100%.

The biofouling taxonomic groups of interest were algae, ascidians, barnacles, hydroids, molluscs,
polychaetes, sponges, tube forming amphipods and others. Areas remaining unfouled (bare space) were
also recorded.

Species diversity

Recognised marine pests are most often species in the ascidian (chordata), barnacle (crustacea), bivalve
(mollusca), bryozoan and polychaete (annelida) taxonomic groups. Organisms observed on settlement
plates from these groups were identified and recorded to a species level. Species from lower risk taxonomic
groups (such as algae, hydroids, and sponges) were not identified or recorded.

Water Quality

Physicochemical water quality data [temperature (°C), salinity (parts per thousand, ppt), pH, conductivity
(milliSiemens, mS cm™) and dissolved oxygen (mg O, L™)] were collected using a Hydrolab multiparameter
probe. The probe was calibrated immediately prior to sampling. Water quality measurements were taken
each month at all sites except for East Arm wharf, Fort Hill wharf and Fannie Bay.

Water quality was recorded at the surface and then at depth intervals of 0.5 m until either the substrate or a
depth of 5 m was reached. To measure turbidity, a Secchi disc was used to the depth at which the difference
between the white and black quarters was no longer visible.
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RESULTS

Marine Pest Observations

No known marine pest species were observed on artificial settlement surfaces collected from Darwin marina
and open water sites in the past 12 months of monitoring. Representative photographs of the fouling
communities that developed on settlement plates from these locations are shown in Appendices A to G.

Collection Schedule

The inspection and collection of settlement surfaces occurred within the first or second week of each month.
All inspections and collections at marina sites went according to schedule; however at all open water
locations there were difficulties due to settlement collectors being damaged or missing. The collector at
Stokes Hill wharf was damaged or went missing on two occasions, in September 2008 and February 2009.
This allowed for settlement surfaces to be collected and analysed only on one occasion in July 2009.

During March 2009, it appeared that the settlement collector at Cullen Bay pontoon had been removed from
the water causing the fouling organisms on the settlement surfaces to desiccate and perish. As a result,
there was no collection of surfaces the following month. Also in March, the settlement collector at the HMAS
Coonawarra site had become snagged and it was not possible to retrieve it from the water. As a result, it was
not possible to attach settlement surfaces to the untagged side of the collector and hence no plates were
collected at the scheduled July 2009 collection. Since that time, settlement collectors have been deployed
and are in good working order at all sites.

Table 1.  Chronology of settlement surface collection in four Darwin Harbour marinas and three
open-water sites between June 2008 and July 2009
Month Date  Tagged side Untagged side
2008 June  12th Surfaces _attached to collector No surfaces attached
Stokes Hill collector replaced
July 4th Surfaces inspected and photographed Surfaces collected (except Stokes Hill wharf)
August 7th Surfaces inspected and photographed No surfaces attached
September 5th Surfaces .mSpeCIEd and photpg_raphed Surfaces attached to collector
Stokes Hill wharf collector missing
October 7th Surfaces collected Surfaces inspected and photographed
November 5th No surfaces attached Surfaces inspected and photographed

Surfaces attached to collector

December 8th Stokes Hill wharf collector replaced

Surfaces inspected and photographed

2009 January 8th Surfaces inspected and photographed Surfaces collected (except Stokes Hill wharf)

Surfaces inspected and photographed

Stokes Hill wharf collector damaged No surfaces attached

February 6th

Surfaces inspected and photographed Surfaces attached to collector

March 4th HM.AS Coonawarra collector unable to be No plates able to be attached at HMAS Coonawarra

retrieved from the water
Surfaces collected (except Stokes Hill and

April 3rd Cullen Bay pontoon) Surfaces inspected and photographed
Stokes Hill collector repaired

May 6th No surfaces attached Surfaces inspected and photographed

June 4th Surfaces attached to collector Surfaces inspected and photographed

July 8th Surfaces inspected and photographed Surfaces collected (except HMAS Coonawarra)

6 Fisheries Division, Aquatic Biosecurity



Biomass

The greatest fouling biomass recorded on settlement plates was at Tipperary Waters marina over the period
from December 2008 to March 2009 (denoted by the April 2009 collection) (Figure 3). However, there was a
large fluctuation of the mean wet biomass at this location, ranging from 17.7 to 205.8 g.

Similarly, at the Cullen Bay marina site, fouling biomass was higher for the April 2009 collection. There was
much less variation at this site compared with other marinas, with average wet biomass ranging between
only 25.5 and 50.5 g.

Conversely, at the Bayview marina site fouling biomass was lowest for the December 2008 to March 2009
period (April 2009 collection) with an average of 42.0 g. The biomass for the other three sampling periods
was fairly consistent, ranging between 97.1 and 127.8 g.

The Frances Bay Mooring Basin site had consistent fouling biomass for three of the four sampling periods
ranging between 35.6 to 45.7 g. For the June 2008 to September 2008 (October 2008 collection) period the
amount of fouling biomass was considerably higher, averaging 134.6 g.

For all three of the open-water locations, there were gaps in collection data due to damage occurring to the
settlement collectors. Cullen Bay pontoon had the highest fouling biomass of open-water sites, recording
116.6 g for the period from March to June 2009 (denoted by the July 2009 collection). At the HMAS
Coonawarra site, fouling biomass was greatest between December 2009 and March 2009 (April 2009
collection), with an average of 55.9 g per plate. Only one collection of settlement plates took place at the
Stokes Hill wharf site. The average fouling biomass for the March to June 2009 period (July 2009 collection)
at this site was 67.6 g (Figure 3).

250

200 ~ E3

150

100

Wet biomass (g, mean + SE)

50
0 ﬁ
Bayview Cullen Bay Frances Bay Tipperary Cullen Bay HMAS Stokes Hill
Waters Pontoon Coonawarra Wharf
Marina sites Open water sites

Figure 3. Wet biomass (g) mean z standard error of bio-fouling communities developing on
settlement plates from sites within Darwin Harbour and its marinas over four sampling
periods: October 2008 (i), January 2009 (H), April 2009 ( ) and July 2009 ( )
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Taxonomic Frequency

Figures 4 and 5 illustrate the frequency of occurrence of each taxonomic group fouling settlement plates in
marina and open-water locations over four sampling periods in 2008 and 2009.

Generally, the marina sites tended to have sporadic peaks where one or two taxonomic groups would
dominate the fouling assemblage over a certain time period. For example, at the Cullen Bay marina site,
between March and June 2009 (July 2009 collection), polychaete worms and ascidians were the dominant
fouling groups (Figure 4a). However, between September and December 2008 (January 2009 collection) the
majority of fouling growth was ascidians and sponges, with no polychaetes being present at all.

Similarly, at both the Frances Bay Mooring Basin (Figure 4c) and Tipperary Waters marina site (Figure 4d),
there was a high amount of polychaete growth between June and December 2008 (October 2009 and
January 2009 collections), but no polychaete fouling for the April or July 2009 collection periods. The
Bayview marina site was somewhat of an exception to other marina locations, in that a more even growth of
each taxonomic group was observed on settlement plates across the four sampling periods (Figure 4a).
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Figure 4. Percentage frequency of occurrence of each taxonomic group and of the area remaining
un-fouled recorded on settlement plates in Darwin’s four marinas over four sampling
periods: October 2008 (i), January 2009 (H), April 2009 () and July 2009 ( )

Open-water locations, such as Cullen Bay pontoon, tended to have a more uniform distribution of the
frequency of occurrence of each taxonomic group (Figure 5a). However, some peaks of a particular fouling
taxonomic group were still observed, such as the high frequency of sponge at the HMAS Coonawarra site
between September and December 2008 (January collection).
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Species Diversity

The largest number of species (from the selected taxonomic groups) was recorded at the HMAS Coonawarra
site, where 26 species were identified for the period between December 2008 and March 2009, represented
by the April 2009 collection (Figure 6). Species diversity at open-water locations was greater than at marina
sites, ranging between nine and 21 species across the open-water sites and two and nine species for marina
sites.

Bayview and Cullen Bay marinas had similar numbers of species observed on settlement surfaces over the
four sampling periods, both ranging between six and nine species (Figure 6). Frances Bay Mooring Basin
and Tipperary Waters marina were also similar to each other, ranging between two and five species and two
and four species, respectively.

25 -
20 - —

15 ~

10 +

Number of species present

Bayview Cullen Bay Frances Bay Tipperary Waters Cullen Bay HMAS Coonawarra| Stokes Hill wharf

pontoon

Marina Open water

Figure 6. The number of species (within specific taxa) recorded on settlement surfaces from
Darwin Harbour and Darwin marina sites over four sampling periods: October 2008 (),
January 2009 (M), April 2009 () and July 2009 ( )

A combined total of 45 species from the five selected taxonomic groups were found on the settlement plates
from the four marina and three open-water sites in Darwin Harbour (Tables 2 to 8). This consisted of 11
ascidian species, four barnacle species, five bivalve species, 18 bryozoan species and seven species from
the polychaete taxonomic group.

Among the marina sites, Bayview marina had the highest total number of species (16) observed on
settlement plates between June 2008 and June 2009 (Table 2). Over the same period, 12 species were
recorded on settlement plates in Cullen Bay Marina, seven in Frances Bay Mooring Basin and seven in
Tipperary Waters Marina (Tables 3, 4 and 5, respectively).

In the open-water locations, a total of 21 species were observed at Cullen Bay pontoon and 20 species at
Stokes Hill wharf (Tables 6 and 8, respectively). The total highest number of species (28) was recorded at
the HMAS Coonawarra site (Table 7).
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Table 2.  Species (from specific taxonomic groups) observed on settlement surfaces collected from
Bayview marina between June 2008 and June 2009

Bayview marina 2008 2009
Kingdom Phylum Subphylum Class Family Taxa  Species No. Scientific name Oct Jan Apr Jul
Animalia
Chordata
Ascidiacea Ascidians
Spp. 2 v v v v
Spp. 4 v 4 v
Spp. 6 v
Spp. 10 v
Spp. 17 v
Arthropoda
Crustacea
Cirripedia Barnacles
Spp. 1 Balanus amphitrite v
Mollusca
Bivalvia
Bivalves
Pteriidae Spp. 1 Planostrea pestigris 4 4 v
(Oysters) Spp. 12 Saccostrea cucllata v 4 v
Bryozoa
Bryozoans
Spp. 6 ? Celleporina sp. v v v
Spp. 11 v
Spp. 29 ? Scrupocellaria sp. v
Spp. 34  Parasmittina sp. v
Annelida
Polychaeta Polychaetes
Spp. 7 Hydroides sanctaecrucis v v
Spp. 10 Hydroides rectus v
Spp. 16 Branchiomma boholense v v v
Spp. 17  Demonax sp. v
Total species observed 6 9 8 7

12 Fisheries Division, Aquatic Biosecurity



Table 3.  Species (from specific taxonomic groups) observed on settlement surfaces collected from
Cullen Bay marina between June 2008 and June 2009

Cullen Bay marina 2008 2009
Kingdom Phylum Subphylum Class Family Taxa  Species No. Scientific name Oct Jan Apr_ Jul
Animalia
Chordata
Ascidiacea Ascidians
Spp. 1 4 v v
Spp. 2 v v v
Spp. 4 4 4 v
Spp. 10 v v
Spp. 17 v v v
Arthropoda
Crustacea
Cirripedia Barnacles
Spp. 1 Balanus amphitrite v v
Annelida
Polychaeta Polychaetes
Spp. 1 4
Spp. 4 Ficopomatus uschakovi 4 4 v
Spp. 7 Hydroides sanctaecrucis v v v
Spp. 8 Hydroides elegans v
Spp. 16 Branchiomma boholense v v v v
Spp. 17 Demonax sp. v 4
Total species observed 7 8 6 9
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Table 4.  Species (from specific taxonomic groups) observed on settlement surfaces collected from
Frances Bay Mooring Basin between June 2008 and June 2009

Frances Bay Mooring Basin

2008 2009
Kingdom Phylum Subphylum Class Family Taxa  Species No. Scientific name Oct Jan Apr  Jul
Animalia
Chordata
Ascidiacea Ascidians
Spp. 2 v v
Arthropoda
Crustacea
Cirripedia Barnacles
Spp. 1 Balanus amphitrite v v v v
Bryozoa
Bryozoans
Spp. 37  ? Bowerbankia gracilis '4
Annelida
Polychaeta Polychaetes
Spp. 1 v
Spp. 8 Hydroides elegans v v
Spp. 10 Hydroides rectus v
Spp. 17 Demonax sp. 4 4
Total species observed 5 3 2 3
14 Fisheries Division, Aquatic Biosecurity



Table 5.  Species (from specific taxonomic groups) observed on settlement surfaces collected from
Tipperary Waters marina between June 2008 and June 2009

Tipperary Waters marina 2008 2009
Kingdom Phylum Subphylum Class Family Taxa  Species No. Scientific name Oct Jan Apr Jul
Animalia
Chordata
Ascidiacea Ascidians
Spp. 2 v v
Spp. 4 v
Arthropoda
Crustacea
Cirripedia Barnacles
Spp. 1 Balanus amphitrite 4 4 4
Bryozoa
Bryozoans
Spp. 37 ? Bowerbankia gracilis 4 v
Annelida
Polychaeta Polychaetes
Spp. 1 v
Spp. 8 Hydroides elegans 4 4
Spp. 16 Branchiomma boholense v
Total species observed 3 4 2 3
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Table 6.  Species (from specific taxonomic groups) observed on settlement surfaces collected from
Cullen Bay pontoon between June 2008 and June 2009

Cullen Bay pontoon

2008 2009
Kingdom Phylum Subphylum Class Family Taxa  Species No. Scientific name Oct Jan Apr_ Jul
Animalia
Chordata
Ascidiacea Ascidians
Spp. 1 4 4 v
Spp. 4 4 4 v
Spp. 6 4
Spp. 10 v '4 4
Spp. 12 v 4
Mollusca
Bivalvia Bivalves
Spp. 1 Planostrea pestigris v v v
Spp. 3 Striostrea mytiloides v
Spp. 12  Saccostrea echinata / cucllata 4 v
Bryozoa
Bryozoans
Spp. 1 Zoobotyron sp. 4
Spp. 6 ? Celleporina sp. v v
Spp. 14  Scrupocellaria sp. v
Spp. 17  ? Bowerbankia gracilis v v v
Spp. 20  ? Bowerbankia sp. v
Spp. 21  Savignyella lafontii 4 4 v
Spp. 22  Amathia distans / crispa 4 4 v
Spp. 40  Bugula robusta v v
Spp. 50  Aetea angiuna/ truncata v
Spp. 54 v
Annelida
Polychaeta Polychaetes
Spp. 1 v v v
Spp. 10 Hydroides rectus 4
Spp. 16 Branchiomma boholense v v v
Total species observed 16 14 - 13
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Table 7.  Species (from specific taxonomic groups) observed on settlement surfaces collected from
HMAS Coonawarra between June 2008 and June 2009

HMAS Coonawarra 2008 2009
Kingdom Phylum Subphylum Class Family Taxa  Species No. Scientific name Oct Jan Apr_ Jul
Animalia
Chordata
Ascidiacea Ascidians
Spp. 1 4
Spp. 2 4 4
Spp. 4 v v
Spp. 10 v v
Spp. 15 v
Spp. 16 v v
Spp. 17
Spp. 29 v
Arthropoda
Crustacea
Cirripedia Barnacles
Spp. 1 Balanus amphitrite 4
Spp. 2 Amphibalanus variegatus v
Spp. 5 Amphibalanus reticulatus 4 v
Mollusca
Bivalvia Bivalves
Spp. 1 Planostrea pestigris 4 4 4
Spp. 9 v
Spp. 12 Saccostrea echinata / cucllata 4 4 v
Bryozoa
Bryozoans
Spp. 1 Zoobotyron verticillatum v
Spp. 6 ? Celleporina sp. 4 4
Spp. 17 ? Bowerbankia gracilis v
Spp. 19 Bowerbankia sp. 4
Spp. 20  ? Bowerbankia sp. 4
Spp. 21 Savignyella lafontii v v
Spp. 22 Amathia distans / crispa v
Spp. 40 Bugula robusta v
Spp. 56 v
Annelida
Polychaeta Polychaetes
Spp. 1 v 4 v
Spp. 4 Ficopomatus ushakovi v v
Spp. 8 Hydroides elegans 4
Spp. 10  Hydroides rectus v 4
Spp. 16 Branchiomma boholense 4
Total species observed 12 9 21 -
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Table 8.  Species (from specific taxonomic groups) observed on settlement surfaces collected from
Stokes Hill wharf between June 2008 and June 2009

Stokes Hill wharf

2008 2009
Kingdom Phylum Subphylum Class Family Taxa  Species No. Scientific name Oct Jan Apr_ Jul
Animalia
Chordata
Ascidiacea Ascidians
Spp. 1 v
Spp. 2 v
Spp. 4 v
Spp. 6 v
Spp. 15 v
Spp. 16 v
Spp. 23 4
Arthropoda
Crustacea
Cirripedia Barnacles
Spp. 1 Balanus amphitrite v
Spp 2. Amphibalanus variegatus 4
Spp. 5 Amphibalanus reticulatus 4
Spp. 6 Striatobalanus amaryllis v
Mollusca
Bivalvia Bivalves
Spp. 1 Planostrea pestigris 4
Spp. 2 Anomia sp. 4
Spp. 12 Saccostrea echinata / cucllata 4
Bryozoa
Bryozoans
Spp. 2 ? Hippopodina / Calyptotheca v
Spp. 5 ? Electra bengalensis 4
Spp. 6 ? Celleporina sp. 4
Spp. 14 Scrupocellaria sp. 4
Spp. 19 Bowerbankia sp. 4
Spp. 35 Mucropetraliella sp. v
Total species observed - - - 20

18
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Water Quality

The highest water temperatures between June 2008 and June 2009 were recorded in December 2008.
During this month the water temperature in Tipperary Waters marina reached 36.7 °C and within open-water
sites temperatures reached 32.3 °C (Figure 7). The lowest water temperature (25.1 °C) was recorded in open
water sites in July 2008. Of the four marina sites, the lowest temperature (25.5°C) was recorded at Tipperary
Waters marina also in July 2008.

Salinity fluctuated more in marina locations compared with open-water sites. The lowest salinities were
recorded in the late wet season months around March, with the higher salinities coinciding with the late dry
season months around September (Figure 8). The highest salinity (35.1 ppt) was recorded in Bayview
marina in June 2009. The lowest (7.7 ppt) was recorded in Tipperary Waters marina in March 2009. For
open-water sites, salinity remained relatively consistent throughout the year, ranging between 29.5 and
35.0 ppt (Figure 8).

Both temperature and salinity stratification were observed in the marina sites (except Bayview marina), with
a 2 to 3-m layer of cool fresh water often evident during the wet season months. This was especially
apparent in Cullen Bay and Tipperary Waters marina. No stratification was observed at open-water sites.

No water quality data was available for Cullen Bay marina or open-water locations in April 2009 due to
equipment problems.
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Figure 8. Salinity (ppt,) mean % standard error recorded at marina and open water sites of Darwin
Harbour at 0.5 m (—) and 3.0 m (—®—) depth between June 2006 and June 2009
[Note: 2.0 m (—A—) at Bayview Marina]
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DISCUSSION

No recognised marine pest species were observed on artificial settlement surfaces collected from Darwin
Harbour or its four marinas during the past 12 months of monitoring. Due to limited taxonomic resources, it
was not been possible to identify all fouling organisms to a genus or species level. It is also uncertain
whether all species recorded on settlement plates are native to the region in which they were observed. This
is in part due to some species being classified as cryptogenic (i.e. it is unclear whether the species is native
to a region or has been introduced from an unknown source and since naturalised). Secondly, the taxonomic
knowledge of some tropical systems may be insufficiently advanced to aid in determining which species are
introduced (Hewitt 2002). For example, little was known about the distribution of barnacles in Australian
waters until the early 1990s (Jones 2003). It therefore becomes difficult to determine if a species is indeed
native to a region or had been introduced before such data was collated. However, no known marine pests
were found in any of the monitoring locations over the past 12 months of monitoring and no species were
observed that displayed invasive characteristics.

Although the monitoring program provides some information on natural biofouling communities, it is not
intended to describe seasonal patterns in abundance between sites. To achieve this, a more detailed and
rigorous study would be required. Nonetheless, some such observations have been made.

At the open-water locations (Cullen Bay pontoon, HMAS Coonawarra, Stokes Hill wharf) biofouling on
settlement plates appeared to be greater during the first half of the year (denoted by the April and July 2009
collections). However, gaps in the available data for open-water locations (arising from damage to settlement
collectors throughout the year) have prevented inferences relating to patterns or trends from these locations.
This was particularly evident at Stokes Hill wharf where only one collection and analysis of settlement
surfaces was possible.

Biofouling of settlement plates in Darwin’s four marinas was more sporadic and opportunistic than in open-
water sites. At the marina sites, biofouling was often dominated by single species blooms and varied both
between marinas and over time. For example, the average fouling biomass in Frances Bay Mooring Basin
was fairly consistent over three of the four sampling periods. However, it rose steeply between June and
September 2008 (October 2008 collection). This spike was due to a polychaete bloom dominating growth on
settlement surfaces during this time. Polychaetes were still prevalent during the following collection period,
and were replaced by barnacles and ascidians in subsequent months.

Similarly, at the Tipperary Waters marina site, a large amount of barnacle growth resulted in a sharp rise in
the fouling biomass during the April 2009 collection. In previous months, however, there was very little
barnacle growth with the fouling assemblage being dominated by polychaete tubeworms. At marina sites,
Bayview marina was somewhat exceptional, as a more diverse and consistent fouling community was
observed on it.

Water quality is potentially a significant factor contributing to these single-species blooms. Although seasonal
variations in water temperature and salinity were similar between marina and open-water sites, the variations
experienced in some marinas are far more extreme. During the wet season months, from approximately
December to May, stratification of the water body (layering of water possessing different temperature and
salinity characteristics) occurred in the marinas. This stratification was largely driven by the marina acting as
a sink for freshwater run-off and resulted in a layer of cooler, less saline water forming at the surface over
warmer more saline water. This cool freshwater layer was, in some cases, up to 3 metres deep.

Coinciding with changes in water quality, fluctuations in species composition of fouling communities were
observed. Stratification was most pronounced in Cullen Bay and Tipperary Waters marinas from January to
April 2009. During this period, a single species polychaete bloom of Hydroides sanctaecrucis occurred within
Cullen Bay marina. Similarly, a common fouling barnacle, Balanus amphitrite bloomed in Tipperary Waters
marina replacing the polychaete, Hydroides elegans, as the dominant species, resulting in the highest
recorded biomass quantities. As stratification decreased with the onset of the dry season, the abundance of
these two species decreased again. Interestingly, among the marina sites, Bayview marina is least prone to
seasonal stratification of the water body but also has the most consistent and diverse fouling communities.

Where marina design does not easily provide for the flushing and mixing of marina waters and creates an
artificial environment isolated from the tidal conditions experienced in the open waters of Darwin Harbour,
stratification is most pronounced. This environment, with extreme fluctuations in temperature and salinity, is
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hostile to many native species, consequently allowing fast-growing and opportunistic species to dominate the
fouling community within marinas, often resulting in single species blooms.

In contrast to marina locations, such a stark stratification of water temperature and salinity was not observed
in the open waters of Darwin Harbour. A more stable and diverse community of biofouling organisms was
observed at these sites, where it is very rare for a single species to dominate the fouling assemblage to the
exclusion of others (Cribb 2005).

It is suggested that ecosystems with high species diversity (as is often evident in tropical environments) will
be more resistant to invasions by exotic species (Tan and Morton 2006). Marine pest invasions are also
more likely to occur in disturbed environments. Given that man-made marinas are disturbed, artificial
environments and that seasonal environmental fluctuations result in a lack of competition from established
populations of native species, opportunities may be considered to exist for the establishment of invasive
species in Darwin marinas. Seasonal stratification can be minimised by marina management implementing
practices to promote adequate flushing and mixing of marina waters so as to support the establishment of a
more diverse and resilient fouling community.

Exotic marine organisms possess the potential to endanger the biodiversity and amenity of coastal waters.
Along with the current expansion of many industries in the NT, there come associated risks of the
introduction of pest species via increased international and domestic maritime traffic into and out of NT ports.
Based on this fact, the Aquatic Biosecurity unit intends to continue to monitor the coastline for the presence
of introduced species so as to assist in keeping NT waters free of marine pests.
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APPENDICES

APPENDIX A: Representative photographs of biofouling communities on settlement plates
collected at Bayview Marina, Darwin, from June 2008 to June 2009

]
)

Jul 09 — Plate 1 (front) Jul 09 — Plate 2 (rear)
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APPENDIX B: Representative photographs of biofouling communities on settlement plates
collected at Cullen Bay Marina, Darwin, from June 2008 to June 2009

Apr 09 — Plate 3 (front) Apr 09 — Plate 2 (rear)
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Jul 09 — Plate 3 (front) Jul 09 — Plate 2 (rear)
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APPENDIX C: Representative photographs of biofouling communities on settlement plates
collected at Frances Bay Mooring Basin, Darwin, from June 2008 to June 2009

Jan 09 — Plate 1 (rear)

Jul 09 — Plate 1 (front) Jul 09 — Plate 3 (rear)
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APPENDIX D: Representative photographs of biofouling communities on settlement plates
collected at Tipperary Water Marina, Darwin, from June 2008 to June 2009

Oct 08 — Plate 3 (front)

Jan 09 — Plate 1 (front) Jan 09 — Plate 3 (rear)

Apr 09 — Plate (front) Apr 09 — Plate (rear)
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Jul 09 — Plate 1 (front) Jul 09 — Plate 3 (rear)
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APPENDIX E: Representative photographs of biofouling communities on settlement plates
collected at Cullen Bay Pontoon, Darwin, from June 2008 to June 2009

-

Oct 08 — Plate 2 (front) Oct 08 — Plate 4 (rear)

Jan 09 — Plate 1 (front) Jan 09 — Plate 3 (rear)

NO PHOTOGRAPHS FOR APRIL 2009

Jul 09 — Plate 1 (front) Jul 09 — Plate 3 (rear)
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APPENDIX F: Representative photographs of biofouling communities on settlement plates
collected at HMAS Coonawarra, Darwin, from June 2008 to June 2009

Oct 08 — Plate 4 (front) Oct 08 — Plate 1 (rear)

Jan 09 — Plate 2 (front) Jan 09 — Plate 1 (rear)

Apr 09 — Plate 1 (front) Apr 09 — Plate 2 (rear)

NO PHOTOGRAPHS FOR JULY 2009
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APPENDIX G: Representative photographs of biofouling communities on settlement plates
collected at Stokes Hill wharf, Darwin, from June 2008 to June 2009

NO PHOTOGRAPHS FOR OCTOBER 2008

NO PHOTOGRAPHS FOR JANUARY 2009

NO PHOTOGRAPHS FOR APRIL 2009
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Jul 09 — Plate 1 (front) Jul 09 — Plate 3 (rear)
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APPENDIX H: Average wet biomass (g) of biofouling communities developing on settlement
surfaces from Darwin marina and open water sites over four sampling periods
during 2008-2009
Oct-08 Jan-09 Apr-09 Jul-09
Location Mean SE Mean SE Mean SE Mean SE
Marina sites
Bayview 97.10 10.76 107.53 21.30 41.97 7.60 127.80 11.69
Cullen Bay 25.50 2.04 28.40 3.60 50.53 10.46 26.43 2.09
Frances Bay 134.57 10.80 42.13 1.88 35.57 7.98 45.67 6.25
Tipperary Waters 69.30 2.61 17.70 1.89 205.80 5.26 25.23 11.42
Open water sites
Cullen Bay pontoon 64.55 14.69 93.90 16.85 - - 116.60 15.93
HMAS Coonawarra 15.15 6.12 35.33 4.74 55.88 9.94 - -
Stokes Hill wharf - - - - - - 67.60 1.03

APPENDIX I

Bayview marina

Average frequency (%) of occurrence of each taxonomic group developing on
settlement surfaces from Darwin marina and open water sites over four sampling
periods during 2008-2009

Taxonomic Oct-08 Jan-09 Apr-09 Jul-09
group Mean SE Mean SE Mean SE Mean SE
Algae 19.33 3.06 0.00 0.00 37.33 2.52 62.00 1.73
Ascidians 5.33 0.58 38.67 8.96 35.33 13.32 21.33 6.66
Barnacles 0.00 0.00 2.67 1.53 0.00 0.00 0.00 0.00
Bryozoans 34.67 3.51 10.00 1.73 0.67 0.58 0.67 0.58
Hydroids 8.00 2.65 46.00 3.61 10.00 4.58 10.00 3.00
Molluscs 58.00 6.08 56.67 0.58 32.00 9.54 66.00 5.29
Polychaetes 25.33 2.31 25.33 3.79 30.67 3.79 28.67 6.43
Sponges 6.67 2.89 28.67 5.69 18.67 2.52 10.00 4.36
Amphipods 0.00 0.00 0.00 0.00 5.33 2.08 24.67 6.66
Other 0.00 0.00 1.33 1.15 0.00 0.00 1.33 1.15
Bare space 23.33 4.04 21.33 2.52 46.67 451 22.00 3.46
Cullen Bay marina
Taxonomic Oct-08 Jan-09 Apr-09 Jul-09
group Mean SE Mean SE Mean SE Mean SE
Algae 11.33 451 16.00 10.44 2.00 0.00 28.00 5.57
Ascidians 67.33 8.14 82.67 1.53 70.67 6.66 51.33 5.51
Barnacles 0.67 0.58 1.33 1.15 0.00 0.00 0.00 0.00
Bryozoans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hydroids 0.00 0.00 26.67 8.33 2.00 1.73 0.00 0.00
Molluscs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polychaetes 38.00 7.00 0.00 0.00 68.67 7.51 91.33 3.21
Sponges 19.33 8.02 58.00 7.55 0.67 0.58 14.67 4.73
Amphipods 0.00 0.00 0.00 0.00 3.33 2.89 0.00 0.00
Other 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bare space 17.33 3.06 26.67 2.52 40.67 8.96 51.33 5.69
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Frances Bay Mooring Basin

Taxonomic Oct-08 Jan-09 Apr-09 Jul-09
group Mean SE Mean SE Mean SE Mean SE
Algae 0.00 0.00 0.00 0.00 0.00 0.00 25.33 11.37
Ascidians 50.00 6.56 0.00 0.00 0.00 0.00 34.67 3.51
Barnacles 17.33 0.58 24.00 6.08 45.33 8.14 52.67 551
Bryozoans 0.00 0.00 0.00 0.00 2.67 231 0.00 0.00
Hydroids 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Molluscs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polychaetes 98.00 0.00 94.67 2.52 0.00 0.00 2.67 0.58
Sponges 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Amphipods 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Other 0.00 0.00 0.00 0.00 69.33 6.51 0.00 0.00
Bare space 16.00 2.00 84.00 2.65 76.67 3.06 73.33 4.04
Tipperary Waters marina
Taxonomic Oct-08 Jan-09 Apr-09 Jul-09
group Mean SE Mean SE Mean SE Mean SE
Algae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ascidians 0.00 0.00 0.00 0.00 0.00 0.00 30.00 1.00
Barnacles 0.00 0.00 12.00 2.65 88.67 1.53 46.00 9.17
Bryozoans 0.00 0.00 6.00 3.00 93.33 2.89 0.00 0.00
Hydroids 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Molluscs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polychaetes 95.33 0.58 58.67 0.58 0.00 0.00 0.00 0.00
Sponges 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Amphipods 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Other 0.00 0.00 0.00 0.00 14.67 1.53 70.67 9.29
Bare space 18.00 1.00 77.33 3.79 25.33 1.15 85.33 6.81
Cullen Bay pontoon
Taxonomic Oct-08 Jan-09 Apr-09 Jul-09
group Mean SE Mean SE Mean SE Mean SE
Algae 6.50 4.03 0.00 0.00 - - 17.50 6.08
Ascidians 61.50 6.85 15.00 7.59 - - 17.00 8.27
Barnacles 0.00 0.00 0.00 0.00 - - 0.00 0.00
Bryozoans 21.50 6.40 42.00 18.07 - - 35.00 13.38
Hydroids 3.50 0.96 3.50 3.50 - - 2.00 2.00
Molluscs 39.50 6.40 25.00 11.50 - - 42.00 14.90
Polychaetes 1.50 0.50 31.50 18.41 - - 6.50 4.03
Sponges 5.50 3.40 1.50 0.96 - - 12.00 6.98
Amphipods 0.50 0.50 5.50 5.50 - - 0.00 0.00
Other 0.00 0.00 0.00 0.00 - - 0.00 0.00
Bare space 45.00 3.70 19.00 8.19 - - 28.50 9.74
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HMAS Coonawarra

Taxonomic Oct-08 Jan-09 Apr-09 Jul-09
group Mean SE Mean SE Mean SE Mean SE
Algae 49.50 17.52 0.00 0.00 76.50 5.50 - -
Ascidians 7.50 4.35 0.50 0.50 13.00 7.94 - -
Barnacles 1.50 0.96 6.50 1.71 0.50 0.50 - -
Bryozoans 1.50 0.96 1.00 0.58 30.50 6.34 - -
Hydroids 0.00 0.00 1.50 0.50 0.00 0.00 - -
Molluscs 4.50 2.06 5.50 1.50 14.00 6.27 - -
Polychaetes 1.00 0.58 2.00 1.15 2.50 0.96 - -
Sponges 3.00 1.91 88.50 2.22 50.50 9.32 - -
Amphipods 0.00 0.00 4.00 2.16 0.00 0.00 - -
Other 0.00 0.00 0.00 0.00 0.00 0.00 - -
Bare space 41.50 16.82 17.00 4.20 40.50 4.92 - -
Stokes Hill wharf
Taxonomic Oct-08 Jan-09 Apr-09 Jul-09
group Mean SE Mean SE Mean SE Mean SE
Algae - - - - - - 1.50 0.96
Ascidians - - - - - - 61.00 20.44
Barnacles - - - - - - 11.50 5.32
Bryozoans - - - - - - 11.50 10.84
Hydroids - - - - - - 16.50 8.66
Molluscs - - - - - - 31.50 10.78
Polychaetes - - - - - - 0.00 0.00
Sponges - - - - - - 1.50 0.96
Amphipods - - - - - - 3.00 1.91
Other - - - - - - 0.00 0.00
Bare space - - - - - - 15.50 5.56
APPENDIX J: Number of species (within specific taxonomic groups) developing on settlement
surfaces from Darwin marina and open water sites over four sampling periods
during 2008-2009
Location Oct-08 Jan-09 Apr-09 Jul-09
Marina sites
Bayview 6 9 8 7
Cullen Bay 7 8 6 9
Frances Bay 5 3 2 3
Tipperary Waters 3 4 2 3
Open water sites
Cullen Bay Pontoon 16 14 - 13
HMAS Coonawarra 12 9 21 -
Stokes Hill Wharf - - - 20
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