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Methods

Benthic macroinvertebrate sampling was undertaken at 40 sites in the Vasse-
Wonnerup Wetlands in the summer (January) and spring (November) of 2023.
Monitoring and the calculation of ecological indices were undertaken following the
methodology outlined in Cronin-O'Reilly et al. (2023). The Wetland Benthic
Community Index (WBCI) integrates information on various biological variables
(metrics). Each quantifies an aspect of the invertebrate community's structure and/or
function and how it responds to stress. The five measures, namely Simpson’s
(Diversity) index, qualitative taxonomic distinctness, community dominance,
crustacean richness and SIGNALZ2, were calculated and summarised into a score
ranging from 0 to 100, with corresponding health grades ranging from A (Excellent) to
E (Very poor; Figure 1). Validation of the WBCI is scheduled for 2024 when sufficient
independent data are available. The WBCI scores from spring are used in the Vasse-
Wonnerup Wetlands report card. This allows a comparison of the indicators when
macroinvertebrate populations are at their highest to monitor the aim “to maintain
healthy populations of macroinvertebrates”. The scores from summer are included as
additional information to contribute to our understanding of the seasonal dynamics of
macroinvertebrate communities in the Vasse-Wonnerup Wetlands.
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Figure 1. Conceptual diagram illustrating the predicted responses of the benthic
macroinvertebrate community in the Vasse-Wonnerup Wetlands to situations of
Excellent (A) and Very poor (E) ecological health. When in Excellent health, the
invertebrate fauna is diverse, containing various crustaceans and sensitive and
tolerant insects. In contrast, when in Very poor health, diversity is low and generally
only tolerant insect species persist. Symbols from the Integration and Application
Network (ian.umces.edu/media-library).



Key findings and observations 2023

The average total density of invertebrates was 122 and 413 individuals per grab
sample in summer (January) and spring (November) 2023, respectively.
Gastropod molluscs and annelid worms were the most abundant groups in both
seasons (Table 1). The greatest abundances of invertebrates were recorded in
the Upper Wonnerup in both seasons and the Lower Vasse in spring.

Abundances increased between summer (January) and spring (November), in
all regions except the Lower Wonnerup. The magnitude of this increase was far
greater in the Upper and Lower Vasse than in the Vasse Estuary Channel and
Upper Wonnerup (i.e. an increase of 39 and 37 times greater vs 1.4 and 2.7
times greater, respectively; Appendices 2, 3).

Similarly, the average number of species in most regions increased between
summer (1-4) and spring (4-11), with the biggest increases occurring in the
Upper and Lower Vasse.

Gastropod molluscs, i.e. Coxiella striatula and Potamopyrgus sp., were most
abundant in the Upper Wonnerup and Lower Vasse. These two regions, as well
as the Lower Wonnerup, contained the greatest abundances of annelids.
Capitella ‘capitata’ was found throughout the wetlands and Polydora sp. mainly
in the Wonnerup.

Epifaunal species and individuals dominated the invertebrate community in
most regions in both seasons. However, infaunal species (mainly annelids)
were very abundant in both Wonnerup regions in summer.

The benthic ecological health of the Vasse-Wonnerup was Fair in spring 2023,
with an overall score of 63 (grade C; Table 2). WBCI scores ranged from 53 to
72 among the ecological regions, with the Upper and Lower Vasse regions both
awarded a B grade (Very good), the Upper Wonnerup and Vasse Estuary
Channel a C grade and the Lower Wonnerup a D grade (Poor).

Compared to spring in the preceding two years, health remained stable in both
Vasse regions, but the overall grade of the wetlands and the Upper and Lower
Wonnerup regions and Vasse Estuary Channel all decreased from Excellent
and/or Very good to Fair or Poor. (Table 3).

Upper and Lower Vasse regions received relatively high values for crustacean
richness, Simpson’s index, SIGNAL2 and community dominance (Appendix 5).
The Vasse Estuary Channel received similar scores to the other regions in the
Vasse for most metrics except for crustacean richness, which was very low.
The Upper and Lower Wonnerup had high values for qualitative taxonomic
distinctness and community dominance and far lower values for crustacean
richness and SIGNAL2.



Benthic ecological health was worse in summer than spring in 2023, with the
estuary having an average WBCI score of 44 (grade D Poor; Table 4). Most
regions in the estuaries were awarded a D or E (Very Poor) grade except for
the lower Vasse, which achieved a grade of C (Table 5). A seasonal decline
consistent with previous monitoring years occurred (Appendix 4). This decline
is as expected due to a range of seasonal stressors (e.g. reduced freshwater
inflow, higher water temperatures, higher salinities, reduced water levels, and
nutrient concentration and retention), that correlate with seasonal changes in
ecological health in south-western Australian estuaries (Hallett et al. 2012).

The lowest health scores were received in the Vasse Estuary Channel, with
very low metric scores of all five index measures in summer 2023. Metric values
for SIGNAL2 were greater in the Vasse regions than Wonnerup regions,
whereas qualitative taxonomic distinctness and community dominance were
highest in the Upper and Lower Wonnerup and Lower Vasse (Appendix 5).

Preliminary investigations of WBCI scores in spring of 2017 to 2023 indicate
that they are positively related to the amount of rainfall between January and
October that year (Spearman correlation r = 0.929; p = 0.001). In the two years
in which WBCI scores were Fair, i.e. 2019 and 2023, total rainfall in Busselton
Shire (Station 9515) between January and October was 477 and 514 mm,
respectively, compared to 566 to 807 in the other years, all of which were Very
good.

A summary of various characteristics of the invertebrate communities from each
sampling occasion between March 2017 and November 2023 is provided in
Appendices 2 and 3.

Triggers and management

Triggers have yet to be established for the benthic macroinvertebrate
community. Triggers are due to be proposed together with WBCI validation in
2024.

Recommendations

As the behaviour of the WBCI continues to be evaluated under varying
environmental conditions, it is recommended that invertebrate monitoring
continue, collecting 8 samples per region in the spring and summer sampling
periods (n = 80) to help improve our understanding of index performance.

After validation, it may be possible to investigate the potential influence of
external drivers (e.g. rainfall), environmental conditions (e.g. salinity and
dissolved oxygen concentration) and management decisions on WBCI scores.
If strong relationships are present, this could inform management to maintain a
healthy invertebrate community, which would, in turn, provide a food source for
higher-order predators, e.g. birds.



Results

Table 1. Average density (individuals per sample, i.e. 225 cm2, + 1 standard error) of
dominant groups of benthic macroinvertebrates in the Vasse-Wonnerup Wetlands in
summer (January) and spring (November) 2023. Note that insects (Hexapoda) are
now considered crustaceans, but are separated from other crustaceans (amphipods,

ostracods etc.) here for convenience.

Annelids and Molluscs Hexapods | Crustaceans
nematodes | (gastropods) | (insects)
Summer (Worms)
2023 Total : D ?_f |
Vasse-
Wonnerup 122 + 30 80 + 22 34 +20 8+3 <1 +<1
Wetlands
Ecological
Regions
Upper 4+ 1 <1+ <1 <1+ <1 3+ 1 1+ <1
Vasse
'\-/OWGr 29 + 12 7+3 18 + 10 4+ 1 1+ <1
asse
\lfvpper 228 + 71 204 + 72 8+3 16 + 12 <1+ <1
onnerup
Lower 242 + 52 187 + 43 38 + 25 16 + 9 141
Wonnerup
Vasse
Estuary 108 + 98 <1 +<1 108 + 98 0+0 0+0
Channel
Sprin Annelids and Molluscs Hexapods Crustaceans
2%239 Total nematodes | (gastropods) | (insects)
(worms)
Vasse- 413 +
Wonnerup 125 80 +40 199 + 71 68 + 17 66 + 19
Wetlands
Ecological
Regions
\Ljpper 166 + 23 19+ 10 742 72 £ 17 69 + 19
asse
Lower 1,068 = 279+189| 457 +262| 190+ 53 142 + 75
Vasse 515
Upper 609 +
Wonnerup 195 51+19 467 + 189 4 + 1 88 + 35
\';\‘/""’er 75 + 30 42 +12 1+ <1 2+ 1 30 + 28
onnerup
Vasse
Estuary 149 + 71 11+6 63 + 39 73 + 36 2+2
Channel




Table 2. Wetland Benthic Community Index (WBCI) scores (+ 1 standard error) and
health grades for the Vasse-Wonnerup Wetlands in spring (November) 2023.

Index Score Grade

Vasse-Wonnerup Wetlands 629126 C
Ecological regions

Upper Vasse 715+ 34 B
Lower Vasse 70.7+£3.3 B
Upper Wonnerup 642124 C
Lower Wonnerup 52620 D
Vasse Estuary Channel 55.6+10.4 C

Table 3. Annual Wetland Benthic Community Index (WBCI) health grades for the
Vasse-Wonnerup Wetlands in spring (October/November) 2017-23. Boundary grades
are provided for scores of the WBCI within 1 score point of the grade boundary, with
the first letter listed and colour indicating the side of the boundary that the WBCI score
fell.

2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
Vasse-Wonnerup Wetlands | B B C B B B C
Ecological regions

Upper Vasse B B D B B B B
Lower Vasse B/C B C/D B B B
Upper Wonnerup B/A B B B C
Lower Wonnerup B C B D
Vasse Estuary Channel B C C D B C




Table 4. Wetland Benthic Community Index (WBCI) scores (+ 1 standard error) and
health grades for the Vasse-Wonnerup Wetlands in summer (January) 2023.

Index Score | Grade

Vasse-Wonnerup Wetlands 436+ 34 D
Ecological regions

Upper Vasse 451+7.6 D
Lower Vasse 549+54 C
Upper Wonnerup 534+25 D
Lower Wonnerup 52.4 + 3.1 D
Vasse Estuary Channel 12.0+5.2 -

Table 5. Annual Wetland Benthic Community Index (WBCI) health grades for the
Vasse-Wonnerup Wetlands in summer (January) 2018-23. Boundary grades are
provided for scores of the WBCI within 1 score point of the grade boundary, with the
first letter listed and colour indicating the side of the boundary that the WBCI score fell.

2018 | 2019 | 2020 | 2021 | 2022 | 2023

Vasse-Wonnerup Wetlands C/B C D C D D
Ecological regions

Upper Vasse B D B/C D D D
Lower Vasse C/B C D C D C
Upper Wonnerup B B D B B D
Lower Wonnerup C/D | BIC C C C D
Vasse Estuary Channel C/D -I_-




Appendices

Appendix 1. Total density of benthic macroinvertebrates (individuals 225 cm,
+ 1 standard error) recorded on each sampling occasion between March 2017 and
November 2023.
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Appendix 2 (overleaf). Summary of the mean number of species, density (indiv. 225
cm2), Simpson’s (Diversity) Index and qualitative taxonomic distinctness and the
proportion of epifaunal species and individuals to the total invertebrate fauna in the
subtidal waters of each ecological region of the Vasse-Wonnerup Wetlands in spring
(October/November) of each year between 2017 and 2023. The values for the first
four metrics separately are reflected in their colour shading from red (low) through
yellow (intermediate) to green (high values). Proportions of species and individuals
classified as epifauna (living on or above the sediment) rather than infauna (living
within the sediment) are also provided, with greater proportions shaded in darker blue.



Appendix 2.

. Upper | Lower Vasse Lower Upper
Metric Date Vggse Vasse [ Est. Chan. [ Wonnerup Wor?rﬁ)erup
Oct-17 10 7 9 11 9
Oct-18 12 6 5 9 8
Number of Oct-19 4 6 5 5 8
species Nov-20 7 10 7 7
Nov-21 11 12 5 13
Nov-22 7 9 6 9 9
Nov-23 9 11 7 4 7
Oct-17 237 81 89 157 162
Oct-18 207 133 145 77 62
Density (indiv Oct-19 263 52 291 169
225 cm?) Nov-20 76 210 148 56
Nov-21 288 441 103 426 773
Nov-22 110 203 548 373
Nov-23 166 149 75 609
Oct-17 0.38 0.63 0.53 0.78 0.56
Oct-18 0.66 0.57 0.37 0.78 0.69
Simpson's Oct-19 0.62 0.33 0.49 0.48
Diversity Nov-20 0.63 0.72 0.48 0.48 0.66
Nov-21 0.61 0.60 0.54 0.60 0.68
Nov-22 0.69 0.66 0.47 0.56
Nov-23 0.63 0.61 0.65 0.42
Oct-17 76.5 76.7 77.5 76.0 66.5
Oct-18 74.5 79.7 73.1 73.7
Qual. Oct-19 73.0 69.1 84.5 75.5
Taxonomic | Nov-20 73.3 66.4 60.9 721 77.0
Distinctness | Nov-21 67.6 69.8 66.7 76.6 78.9
Nov-22 69.7 75.6 65.7 81.5 81.3
Nov-23 74.2 78.7 59.3 87.6 88.7
Oct-17
Oct-18
% epifaunal 855-12% 54.5
species Nov-21
Nov-22
Nov-23
Oct-17
Oct-18 25.2
% epi Oct-19 5.9 58.7 27.9
/o epifaunal - g U, 26.9 49.0
individuals 5021 421 60.5
Nov-22 26.7 21.3
Nov-23 44.3




Appendix 3. Summary of the mean number of species, density (indiv. 225 cm),
Simpson’s (Diversity) Index and qualitative taxonomic distinctness and the proportion
of epifaunal species and individuals to the total invertebrate fauna in the subtidal
waters of each ecological region of the Vasse-Wonnerup Wetlands in spring (January)
of each year between 2018 and 2023. The values for the first four metrics separately
are reflected in their colour shading from red (low) through yellow (intermediate) to
green (high values). Proportions of species and individuals classified as epifauna
(living on or above the sediment) rather than infauna (living within the sediment) are
also provided, with greater proportions shaded in darker blue.

. Upper | Lower Vasse Lower Upper
Metric Date V§§se Vasse | Est. Chan. [ Wonnerup Wor?r?erup
Jan-18 6 6 3 4 4
Jan-19 3 5 2
Number of [ Jan-20 5 4 2 4 3
species Jan-21 3 4 5 6
Jan-22 3 2 6 6
Jan-23 2 3 4 4
Jan-18 43 114 20 251 18
Jan-19 291 179 103 54
Density (indiv. | Jan-20 23 327 31
225 cm-2) Jan-21 17 84 40 il
Jan-22 33 296 306
Jan-23 29 108 242 228
Jan-18 0.42 0.28 0.36 0.68
Jan-19 0.34 0.10 0.37
Simpson's | Jan-20 0.59 0.54 0.21 0.23
Diversity Jan-21 0.43 0.29 0.60
Jan-22 0.59 0.33 0.17 0.41 0.57
Jan-23 0.48 0.39 0.46 0.38
Jan-18 83.2 83.6 86.9 80.1
Qual Jan-19 89.3 87.4 77.5 71.6
Taxonohic Jan-20 81.7 85.0 50.0 92.0 72.6
Distinctness Jan-21 78.3 83.0 68.0 80.5
Jan-22 45.2 51.8 84.8 82.5
Jan-23 49.4 72.6 87.7 91.8
Jan-18 62.5
Jan-19 50.0 50.0
% epifaunal | Jan-20 57.1 60.0 66.7
species Jan-21 33.3
Jan-22 60.0
Jan-23 50.0
Jan-18 39.7
Jan-19 0.9
% epifaunal | Jan-20 41.9 2.7 57.9 1.6 21.6
individuals | Jan-21 19.1 13.8 2.8 36.4
Jan-22 25.8 45.8
Jan-23 22.6 10.5




Appendix 4. WBCI scores (+ 1 standard error) for regions above the surge barriers
(excluding the Vasse Estuary Channel) on each sampling occasion between March
2017 and November 2023. Dashed lines denote the score thresholds for each health
grade from A (Excellent) to E (Very poor). The number of samples was 16 in each
season (except in March 2017, 15 samples) before November 2020, and 32 in each

season thereafter.
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Appendix 5. Average metric scores (0-10) for each community metric measured in
each ecological region (UW, Upper Wonnerup; LW, Lower Wonnerup; UV, Upper
Vasse; LV, Lower Vasse; VC, Vasse Estuary Channel) (a) summer (January) and (b)
spring (November) 2023. The larger the area covered by the radar plot, the better the

benthic ecological health of that region.
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Appendix 6. WBCI scores (+ 1 standard error) for the (a) Upper Wonnerup, (b) Lower
Wonnerup, (c) Upper Vasse, (d) Lower Vasse and (e) Vasse Estuary Channel, on
each sampling occasion between March 2017 and November 2023. Dashed lines
denote the score thresholds for each health grade from A (Excellent) to E (Very poor).
The number of samples was 4 in each ecological region (except in the Lower
Wonnerup in March 2017, 3 samples) before November 2020, and 8 thereafter.
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Appendix 6. Continued.

(c)

Upper Vasse
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Appendix 6. Continued.

(e) Vasse Estuary Channel
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