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1. Background / aims

3. Results

• On 22 March 2010, an extreme storm passed over the
Swan-Canning Estuary in Perth, south-western Australia
(Fig. 1).

• Significant and pronounced post-storm declines in the
number of species and total density (Figs 3a, b).

• The storm brought hail and heavy rain, with 44 mm falling
in half an hour (the first rainfall in Perth for 144 days).

• Simpson’s evenness declined in April 2010, then
recovered as certain opportunistic polychaete species
became less dominant (Fig. 3c).

• Storm runoff delivered additional nutrients and formed a
halocline. Hypoxic conditions (dissolved oxygen <2 mg L-1)
persisted across the upper reaches of the Swan Estuary
during April, May and June 2010 (Fig. 1).

• Crustaceans effectively absent from samples in April, May
and June 2010; substantial numbers typically recorded at
all locations following the return of normoxic conditions (> 2
mg L-1) in July 2010 (Fig. 3d).

• Aim: Investigate the effects of this widespread and
persistent hypoxia on the benthic macroinvertebrate (BMI)
communities of this microtidal estuary (tidal range <1 m).

• Density of annelids (mainly polychaetes) declined poststorm and remained low at four of the five locations, though
the trend was not as strong as for crustaceans (Fig. 3f).

2. Methods

Fig. 1. Dissolved oxygen concentrations (mg L-1)
throughout the water column of the Swan Estuary,
including at the five sampling locations

• Percentage contribution made by annelids increased
dramatically to ~100% at all locations for the duration of the
hypoxic period (Fig. 3g).

• Ekman grab (right)
used to collect 5
replicate
sediment
samples at each of 5
locations in the upper
estuary (Fig. 2).
• Sampling occurred monthly between January and July
2010 and thereafter seasonally, in the Austral spring
(October) of 2010 and in the summer (January), autumn
(April), winter (July) and spring (October) of 2011.

Fig. 4. Shade plot based on the frequency of occurrence of species across the five replicate samples from each location on each
sampling occasion. Dashed box denotes the three months of hypoxia after the storm

• Significant change in BMI community composition post-storm.
• Almost total absence of crustaceans for three months.
• Larger polychaete species (i.e. Marphysa sp., S. aequisetis
and L. normalis) occurred less frequently in the hypoxic
period, whereas smaller, opportunistic species (i.e. Prionospio
sp. and D. ornata) occurred more frequently (Fig. 4).

Fig. 2. Map showing sampling site locations in the upper Swan
Estuary (dashed box)

• Sediment samples wet sieved (500 µm mesh) in the
field, fixed in 5% buffered formalin then stored in 70%
ethanol. Retained BMI were identified under a
dissecting microscope.

4. Conclusions

• Spatial and temporal responses of various measures of
BMI abundance and diversity were assessed using
routines in the PRIMER software package.

• Severe and persistent hypoxia caused:
- pronounced declines in species richness, total BMI
density and taxonomic distinctness
- significant changes in BMI community composition
- a pronounced decline in the abundance and proportion
of crustaceans
- a marked increase in the proportion of annelids, due
particularly to increase in small-bodied, opportunistic
species.

• These measures included.
- Number of species (Fig. 3a)
- Total density (Fig. 3b)
- Simpson’s evenness index (Fig. 3c)
- Densities of crustaceans, molluscs and annelids
(Figs 3d, e, f, respectively)
- Percentage contribution of annelids to that of the
combined annelid and crustacean fauna (Fig. 3g)
- Average taxonomic distinctness (Δ+).
- Species composition of the BMI community (Fig. 4)
Fig. 3. BMI measures on the different sampling occasions at
the five sampling locations. Arrow indicates date of the storm.
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• Changes largely reflect the differential survival of the
major BMI subphyla, with crustaceans being most
sensitive to hypoxia, and annelids least so.
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