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Disclaimer
The authors have prepared this report in accordance with the usual care and thoroughness
of the Centre for Fish, Fisheries and Aquatic Ecosystems Research (CFFAER), for use by the Swan
River Trust (SRT) and only those third parties who have been authorised in writing by the CFFAER to
rely on the report. It is based on generally accepted practices and standards at the time it was
prepared. No other warranty, expressed or implied, is made as to the professional advice included in
this report. It is prepared in accordance with the scope of work and for the purpose required by the
SRT. The methodology adopted and sources of information used by the authors are outlined in this
report. The authors have made no independent verification of this information beyond the agreed
scope of works, and they assume no responsibility for any inaccuracies or omissions. No indications
were found during our investigations that information contained in this report as provided to the
authors was false. This report was prepared in July 2012 and revised in November 2012, and is based
on the information reviewed at the time of preparation. The authors disclaim any responsibility for
changes that may have occurred after this time. This report should be read in full. No responsibility
is accepted for use of any part of this report in any other context or for any other purpose or by third
parties. This report does not purport to give legal advice. Legal advice can only be given by qualified
legal practitioners.

2

Background
During late May 2012, extremely high levels of Karlodinium veneficum (approaching 200,000
cells/mL) were observed at locations in the Upper Swan Estuary (USE) zone of the Swan-Canning
Riverpark. The Swan River Trust contracted Murdoch University to undertake sampling of the fish
community at sites throughout this zone, and to report on the responses exhibited by the fish
community. This included the calculation and analysis of scores for the Fish Community Indices of
estuarine condition (Valesini et al. 2011, Hallett et al. 2012, Hallett and Valesini 2012).
These indices were developed for the nearshore, shallow waters of the estuary and also for
its deeper, offshore waters. They integrate information on various biological variables (metrics),
each of which quantifies an aspect of the structure and/or function of estuarine fish communities
and responds to a wide array of stressors affecting the ecosystem. The fish-based indices therefore
provide a means to assess an important component of the ecology of the system and how it
responds to changes in estuarine condition.

Methods
Fish communities were sampled at six nearshore and six offshore sites in the USE zone of the
Riverpark on 30-31 May 2012, using a 21.5 m seine net and multimesh gill nets, respectively (Fig. 1,
and see Hallett and Valesini (2012) for full details of the sampling locations and methods used). The
sampling of fish communities during this bloom period supplemented the system-wide sampling of
fish communities that had previously been carried out in summer (6-20 February) and autumn
(2 April-14 May) 2012 as part of a pilot scheme to test the implementation of the Fish Community
Indices (Hallett, 2012).
The data on the abundances of each fish species from each sample were used to derive
values for each of the relevant metrics comprising the nearshore and offshore indices (see Hallett et
al. 2012, Hallett and Valesini 2012). Metric scores were then calculated from these metric values,
which were in turn combined to form the index scores. The detailed methodology for how this is
achieved is provided in Hallett and Valesini (2012), but can be simply summarised as follows:
1.
Calculate metric values for each sample, after allocating each of its component fish species
to their appropriate Habitat guild, Estuarine Use guild and Feeding Mode guild.
2.
Convert metric values to metric scores (0-10) via comparison with the relevant (zone- and
season-specific) reference condition values for each metric.
3.
Combine scores for the component metrics into a scaled index score (0-100) for each
sample.
4.
Compare the index score to the scoring thresholds used to determine the qualitative
condition grade (A-E) for each sample (Table 1).
The individual metric scores, index scores and condition ratings for nearshore and offshore
samples collected from this zone during the bloom of late May 2012 were then compared to those
for samples collected at the same sites earlier in the year, i.e. during routine summer sampling
conducted in early February 2012 (preceded by a fish kill in the USE in late January) and autumn
sampling conducted in April/early May (no algal bloom), in order to investigate the effect of the K.
veneficum bloom on the condition of the fish community.
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Figure 1: Locations of nearshore (black circles) and offshore (open circles) sampling sites for the Fish
Community Indices of estuarine condition. LSCE, Lower Swan-Canning Estuary; CE, Canning Estuary; MSE,
Middle Swan Estuary; USE, Upper Swan Estuary.

Table 1: Fish Community Index scores comprising each of the five condition grades for both nearshore and
offshore waters.

Condition grade
A
B
C
D
E

(very good)
(good)
(fair)
(poor)
(very poor)

Nearshore index scores

Offshore index scores

>74.5
64.6-74.5
57.1-64.6
45.5-57.1
<45.5

>70.7
58.4-70.7
50.6-58.4
36.8-50.6
<36.8

Results and discussion
Description of fish community in Upper Swan Estuary during May 2012
The fish community sampled across nearshore sites in the USE zone during the bloom was
notably less diverse than that sampled prior to the bloom, comprising 14 and 10 species,
respectively (Table 2). Moreover, the mean total density of fishes across the six replicate seine net
samples collected during the bloom (179 fish per 100 m2) was lower than that observed during
sampling carried out several weeks earlier (217 fish per 100 m2). Prior to the bloom, the nearshore
fish community was characterised by the Mosquitofish, Gambusia holbrooki, and Wallace’s
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Table 2: Compositions of the fish communities observed across six nearshore and six offshore sites sampled both before (April/early May 2012) and during (late May 2012)
a notable bloom of Karlodinium veneficum in the Upper Swan Estuary (USE) zone. Data for the most abundant species in the catches from nearshore and offshore waters
on each occasion are emboldened for emphasis.

Species

Common name

Gambusia holbrooki
Mosquito fish
Leptatherina wallacei
Wallace’s hardyhead
Gerres subfasciatus
Roach
Papillogobius punctatus Red-spot goby
Nematalosa vlaminghi Perth herring
Craterocephalus
Mugil’s hardyhead
mugiloides
Pelates octolineatus
Eight-lined trumpeter
Atherinomorus vaigiensis Obilby’s hardyhead
Pseudogobius olorum
Blue-spot goby
Mugil cephalus
Sea mullet
Amniataba caudavittata Yellowtail grunter
Afurcagobius suppositus Southwestern goby
Platycephalus
Bar-tailed flathead
endrachtensis
Acanthopagrus butcheri Black bream
Atherinosoma elongata Elongate hardyhead
Elops machnata
Giant herring
Pomatomus saltatrix
Tailor

Nearshore
Pre-bloom
Mid-bloom
Avg. density
%
Avg. density
%
2
2
(fish/100m ) contribution
(fish/100m ) contribution

Offshore
Pre-bloom
Mid-bloom
Avg. catch
%
Avg. catch
%
rate
contribution
rate
contribution
(fish/net set)
(fish/net set)
36.2
85.4
0.7
1.3
-

68.5
53.7
24.4
24.3
15.4
7.8

31.6
24.8
11.3
11.2
7.1
3.6

10.8
49.4
0.1
5.6
0.1
-

6.0
27.6
0.1
3.1
0.1
-

6.9
6.8
3.7
2.7
1.4
1.0
0.1

3.2
3.1
1.7
1.3
0.7
0.5
0.1

0.4
16.1
12.8
-

0.2
9.0
7.1
-

0.2
2.3
2.3
0.5

0.4
5.5
5.5
1.2

1.0
0.2

1.9
0.3

0.1
-

0.1
-

0.9
82.9
-

0.5
46.3
-

0.2
0.7

0.4
1.6

50.3
-

96.5
-

14 species
Mean total
Total number
fish density
of fish
2
(fish/100m )
217
1,510

10 species
Mean total
Total number
fish density
of fish
2
(fish/100m )
179
1,247

7 species
Mean total
Total number
catch rate
of fish
(fish/net set)
42
254

4 species
Mean total Total number of
catch rate
fish
(fish/net set)
52
313

5

hardyhead, Leptatherina wallacei, which represented ca 32% and 25% of the total catches,
respectively (Table 2). During the bloom, nearshore catches were characterised by the latter of these
species (28% of the total catch) and by the Elongate hardyhead, Atherinosoma elongata (46%). The
composition of these catches is fairly typical of this zone at this time of year.
The fish community sampled across offshore sites in the USE zone during the bloom was
similarly less diverse than that sampled prior to the bloom, comprising seven and only four species,
respectively, though the mid-bloom gill net samples returned an additional ten fish per net set, on
average, compared to those collected prior to the bloom (Table 2). Prior to the bloom, the offshore
fish community was dominated by Perth herring, Nematalosa vlaminghi, which represented ca 85%
of the total catches (Table 2). However, this species was observed only in very low numbers among
the offshore samples collected during the bloom, the latter catches almost exclusively comprising
the hardy Black bream, Acanthopagrus butcheri.
Fish Community Index and comparison to other periods
Nearshore index scores and condition grades were notably higher during the bloom-free
period of April/early May 2012 than during both the earlier and later sampling occasions. Scores
from nearshore samples collected in the USE zone during early February 2012 ranged from 41.6 to
65.9 (mean = 55.2; Fig. 2). Five out of six sites were graded C or lower, with an overall grade of D.

Figure 2: Nearshore Fish Community Index scores and resulting condition grades (A-E) for sites throughout the
Upper Swan Estuary (USE) zone, calculated from fish community samples collected in summer (February) and
in autumn, both prior to (April/early May) and during (late May) a notable bloom of Karlodinium veneficum in
this zone.
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In the absence of any algal bloom, scores for samples collected during April/early May ranged from
56.5 to 84.2 (mean = 70.7 = B), with three sites scoring 80 points or more and thus being awarded A
grades. However, by the end of May, the development of the K. veneficum bloom had reduced the
mean nearshore score for this zone to 56.4 (D/C). Five of the six sites exhibited a decrease in index
scores between the bloom-free period and late May, with individual site scores declining by up to 38
points and one site moving from an A to an E grade.
The decline in nearshore Fish Community Index scores observed between April/early May
and late May was driven by decreases in the total numbers of species, the number and proportion of
trophic specialist taxa and the number of benthic associated species (shown by decreases in the
scores for these positive metrics), and by increases in the abundance and proportion of
Pseudogobius olorum in the catch (shown by decreases in the scores for these negative metrics; Fig.
3), presumably in response to the development of the algal bloom.

Tot no P olorum
(-)
Prop P olorum (-)

No est spawn (+)

No species (+)
10
8
6
4
2
0

Prop est spawn
(+)
No benthic (+)

Prop trop spec
(+)
No trop spec (+)
Summer
Autumn
No trop gen (-)

Autumn - bloom

Prop detr (-)
Prop benthic (+)

Figure 3: Mean scores (0-10) for each component metric of the nearshore Fish Community Index across sites
throughout the Upper Swan Estuary (USE) zone, calculated from fish community samples collected in summer
(February) and in autumn, both prior to (April/early May) and during (late May) a notable bloom of
Karlodinium veneficum in this zone. Note that an increase in the score for positive metrics (+) reflects an
increase in the underlying variable, whereas an increase in the score for negative metrics (-) reflects a decrease
in the underlying variable (see Hallett and Valesini 2012 for metric codes.)

Offshore index scores were notably lower than nearshore scores during the bloom-free
period of April/early May 2012, with the former ranging from 48.1 to 72.1 (mean = 58.2; Fig. 4). This
pattern of observed scores reflects the presence of a more diverse and balanced fish community in
the nearshore waters, presumably highlighting the benefits offered to numerous fish species by
these shallow environments, relative to the deeper adjacent offshore waters, in the absence of any
algal bloom. It is hypothesised that these benefits include greater habitat and food availability, in
addition to the higher availability of dissolved oxygen (DOx), in the former environments during this
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period (e.g., mean measured nearshore and offshore bottom-water DOx concentrations were 6.1
mg/L and 3.7 mg/L, respectively; Murdoch University, unpublished data).
In contrast to the above patterns, offshore index scores observed during the early February
and late May sampling were broadly similar to those for the nearshore index at the same sites (cf.
the respective mean scores of 55.2 and 59.9 for the nearshore and offshore indices in early
February, and of 56.4 and 51.0 in late May; Figs. 2 and 4), although noting the lower grades
characterizing nearshore samples due to differences in the nearshore and offshore scoring
thresholds. In addition, the mean offshore score was relatively consistent across the three sampling
occasions (Fig. 4), although a decline of seven points was observed between early and late May that
resulted in a change of grade from C/B to C/D, respectively. These findings are perhaps surprising
given the observed responses of nearshore and offshore index scores to previous algal blooms,
during which the condition of offshore waters typically has deteriorated dramatically in comparison
to that of adjacent nearshore environments, as reflected by higher nearshore than offshore scores
(e.g. see Hallett and Valesini, 2012).

Figure 4: Offshore Fish Community Index scores and resulting condition grades (A-E) for sites throughout the
Upper Swan Estuary (USE) zone, calculated from fish community samples collected in summer (February) and
in autumn, both prior to (April/early May) and during (late May) a notable bloom of Karlodinium veneficum in
this zone.

Upon analysing the average scores for each component offshore fish metric, it is apparent
that the compositions of the offshore fish community samples collected during the bloom of late
May were distinguished by relatively low species richness and diversity and by the effective absence
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of any species with specialised modes of feeding (Fig. 5). The high scores observed during the May
bloom for the positive metrics Prop benthic and Prop est spawn are somewhat counterintuitive given
the presumed negative impact of the bloom on estuarine condition, but can be explained by the fact
that the overwhelming majority of the gill net catches obtained during this period comprised large
numbers of a single species, the tolerant and opportunistic Black bream, Acanthopagrus butcheri,
which is a benthopelagic species that spawns in the estuary.

Figure 5: Mean scores (0-10) for each component metric of the offshore Fish Community Index across sites
throughout the Upper Swan Estuary (USE) zone, calculated from fish community samples collected in summer
(February) and in autumn, both prior to (April/early May 2012) and during (late May) a notable bloom of
Karlodinium veneficum in this zone. Note that an increase in the score for positive metrics (+) reflects an
increase in the underlying variable, whereas an increase in the score for negative metrics (-) reflects a decrease
in the underlying variable (see Hallett and Valesini 2012 for metric codes.)

Hypoxic conditions (<2 mg/L DOx) have tended to develop during previous algal blooms,
most notably in the bottom waters of deeper areas of the upper Swan River, triggering a shift of the
fish community to the more highly oxygenated, shallow nearshore areas. This has frequently been
reflected in the absence of fish from gill net samples collected during previous blooms, leading to
zero scores for the offshore index on several such occasions (see Hallett and Valesini 2012). During
the sampling which coincided with the May 2012 bloom, however, the mean concentration of DOx
measured in the bottom waters at the time of offshore sampling (30-31 May) was 3.7 mg/L (Table 3),
and zero catches were not observed. It is clear that some fish (mainly Black bream) remained within
the refuge provided by these adequately oxygenated deeper waters, and their presence is
responsible for the higher than anticipated offshore index scores. Given the tendency for K.
veneficum blooms to be restricted to the upper portions of the water column (including,
presumably, the shallow nearshore waters), it is possible that the relative parity of nearshore and
offshore scores during the recent bloom thus reflects a tendency for larger and/or highly mobile
species such as Black bream to seek refuge in the artificially oxygenated, algae-free depths offshore
at the time of sampling.
At this stage, it should be emphasised that these are only working hypotheses for
interpreting these responses of index scores to the K. veneficum bloom, and there are many
potential variables at play. It may not be possible to tease apart the influence of these variables
without controlled experiments on fish responses to the relevant stressors. Nonetheless, the broad
9

patterns of index scores observed, and the notable declines in species richness observed from preto mid-bloom sampling occasions, highlight the effects of the May 2012 algal bloom on the fish
community of the USE. Given the significant concentrations of K. veneficum that were observed
during this bloom, and the occurrence of a relatively small fish kill (several thousand fish) for a
bloom of this severity and extent, it is likely that artificial oxygenation of the water column helped to
mitigate the ecological consequences of the bloom for the fish community during this period.
Table 3: Dissolved oxygen (DOx) concentrations (mg/L) measured from the surface and the bottom of the
water column at the six offshore sampling sites, and from the middle of the water column at the six nearshore
sampling sites, in the Upper Swan Estuary (USE) zone during the Karlodinium veneficum bloom of May 2012.

Site

Date

USE1
USE2
USE4
USE5
USE6
USE7

31/05/12
31/05/12
31/05/12
30/05/12
30/05/12
30/05/12

USE1G
USE2G
USE3G
USE4G
USE5G
USE6G

31/05/12
31/05/12
31/05/12
30/05/12
30/05/12
30/05/12

DOx – Bottom
DOx - Surface
Nearshore
Offshore
2.4
11.5
3.8
12.9
3.0
15.0
3.9
16.9
4.9
12.5
4.0
12.0

DOx – Middle
10.3
12.5
10.5
13.2
16.0
11.7
-
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