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Strategic alignment
Regional Performance Objec�ves (RPOs):

• RPO 45: Research partnerships with universi�es and other 
research ins�tu�ons are in place to address the key research 
areas and build our knowledge and capacity to efficiency 
and effec�vely achieve the HWS performance objec�ves and 
targets.

Key Research Areas:

• Vegeta�on and instream habitat: Improving our 
understanding of instream habitat condi�ons, threats and 
processes across the region to inform works planning.

• Hydrology and environmental flows: Improving our 
understanding of the responses of key environmental values 
to flow regimes to refine our environmental flow objec�ves 

Summary 
This research project has inves�gated how key aspects of the 
urban flow regime influence channel form and instream values; 
with a strong ini�al focus on instream vegeta�on. Understanding 
the establishment of instream vegeta�on and its current extent 
across the Melbourne Water network will facilitate the 
development of effec�ve management strategies to protect and 
improve this key ecosystem value and stream ecosystem 
structure and func�on more broadly. 

Research has shown that urbanisa�on drives increases in wet 
weather flows that lead to a range of stream health impacts such 
as increasing coarse sediment export and reducing organic 
ma�er storage, diversity and abundance of instream vegeta�on, 
and physical habitat complexity. However, we currently lack an 
understanding of which components of the flow regime are most 
significant at influencing sediment and organic ma�er dynamics 
and how they interact to influence instream vegeta�on, 
biodiversity and ecosystem func�on. 

Instream vegeta�on provides habitat and refuge for in-stream 
biota, engineers biogeomorphic processes, increases hydraulic 
complexity, influences sediment and chemical fluxes and 
contributes to primary produc�on in streams. Despite this, we 
know very li�le about its distribu�on and composi�on across 
greater Melbourne's waterways, major threats nor management 
opportuni�es. While vegeta�on in riparian zones, wetlands and 
lakes have been studied extensively, in contrast, knowledge of 
instream vegeta�on reten�on, germina�on, emergence, 
persistence and role as an ecosystem engineer remains poorly 
understood. 

We surveyed 23 streams across the Greater Melbourne Water 

region and used these data to calculate geomorphic and flow 
metrics to iden�fy rela�onships with instream vegeta�on 
richness, diversity and cover. Higher varia�on in stream width 
and depth improved vegeta�on outcomes. Bank incision had a 
clear nega�ve rela�onship with amphibious vegeta�on but not 
for fully aqua�c species. Similarly, the magnitude of wet weather 
flows also displayed a nega�ve rela�onship with amphibious 
vegeta�on, however, this was less clear for aqua�c species. 
Importantly, we found that there is a limit to which increasing 
geomorphic complexity can improve instream vegeta�on, 
without also addressing the hydrological impacts of stormwater 
runoff (see Figure 1). The outputs from this project are 
improving our understanding of how altera�ons to catchment 
hydrology effect the distribu�on and composi�on of instream 
vegeta�on to help inform future target se�ng and management 
priori�es for instream vegeta�on. 

Considera�ons for implementa�on:

• Incorporate the inclusion of instream vegeta�on cover into 
the HWS MERI physical form and biological monitoring 
programs.

• Include rapid and relevant vegeta�on monitoring metrics 
into regular monitoring programs such as: presence/
absence of plant func�onal groups, morphotypes or species 
level data.

• Provided that flood frequency is addressed, measures that 
restore stream bank incision and promote greater depth 
varia�on (such as the use of large wood which encourages 

mwrpp.org

Figure 1. The interac�on between geomorphic complexity (boxplots) and flood 
frequency (points). Amphibious vegeta�on richness is shown here as an example of 
this interac�on. The green arrow represents the trend in vegeta�on responses as both 
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pioneer geomorphic features e.g. bars), would increase 
colonisa�on of amphibious vegeta�on and further aid the 
development of feedback effects which restore geomorphic 
complexity.

What did we do?
The project seeks to inves�gate cri�cal pathways and feedback 
cycles between flow, organic ma�er and instream vegeta�on. 
This research is being undertaken using a staged approach, 
beginning with the following:

• Iden�fy key instream vegeta�on preferences based on site-
scale and micro-scale geomorphic complexity and flow 
variables.

• Iden�fy key geomorphic variables that drive instream 
vegeta�on richness, diversity and cover.

• Iden�fy characteris�cs of the flow regime that explain 
rela�onships with instream vegeta�on richness, diversity 
and cover. 

• Iden�fy characteris�cs of the flow regime that explain 
rela�onships with instream vegeta�on emergence and 
community composi�on.

• Inves�gate the role of aqua�c vegeta�on as ecosystem 
engineers through trapping fine sediment and seeds.

In 2021 we undertook a large-scale survey of 23 sites spread 
across the Greater Melbourne Region. We selected up to 10 
cross sec�onal transects across a 100m reach, and placed 
quadrats along each transect, recording the percentage cover of: 
(a) substrata; (b) reten�on features, e.g. boulder, wood, 
backwaters; (c) retained vegeta�ve fragments or other CPOM 
based on Bovill et al. (2020). All instream vegeta�on along the 
transect was iden�fied to the lowest taxonomic level possible. 
We also calculated a range of geomorphic and flow indices for 
each site including: median annual discharge, number of floods 
and rate of change (metrics related to flashiness) and further 
flow metrics (e.g. Riis et al. 2008); and varia�on in stream depth, 
stream width, substrate size, bank incision and instream wood 
(e.g. Polvi et al. 2014). 

Sediment was also collected at seven sites for a propagule bank 
trial aimed at inves�ga�ng aqua�c vegeta�on as an ecosystem 
engineer i.e. as a reten�ve feature within the stream channel 
that traps instream vegeta�on propagules and fine sediment, 
resul�ng in the poten�al for changes to the physical form of 
stream ecosystems.

What did we find?
Stream complexity and flow regime in rela�on to instream 
vegeta�on

• Aqua�c vegeta�on communi�es benefit from increasing 
varia�on in stream depth, and possibly width, likely due to 
an increase in available habitat niches. 

• Increasing flood frequency (flashiness) may decrease aqua�c 
cover through biomass removal, however, richness and 
diversity were not significantly influenced; meaning aqua�cs 
may be able provide some ecological benefits in degraded 
streams and improve as catchment scale hydrological 
stressors are addressed (i.e. flashiness). 

• Amphibious species richness and diversity is nega�vely 
affected by bank incision, likely due to a lack of a depth 
gradient along the banks hampering deposi�on and 
colonisa�on. 

• Flashiness also has a strong nega�ve rela�onship to 
amphibious cover, possibly influencing colonisa�on along 
with biomass removal. 

• Catchment scale hydrological stressors (e.g. flashiness) 
clearly reduced aqua�c cover and amphibious richness, 
diversity and cover in more geomorphically stable western 
plains sites; but not in less stable eastern uplands sites, 
where geomorphology was more degraded. This suggests 
there is ul�mately a threshold in which enhanced 
geomorphic complexity can improve instream vegeta�on if 
catchment scale hydrological stressors are not also 
addressed (Figure 1).

• A�er grouping sites into unstable, simplified sites (mostly in 
the eastern uplands) and stable, complex sites (mostly in the 
western plains), significantly higher richness and cover of 
amphibious species was found in the stable sites with clearly 
dis�nct communi�es from that of the unstable sites.

Future direc�on and Knowledge gaps 
This project inves�gated geomorphic and flow rela�onships with 
instream vegeta�on using high resolu�on data at the within-site 
scale (Figure 2). Larger scale, site level datasets should be used 
where available to test the outcomes from the current studies 
and solidify knowledge and conceptual models. 

Analysis is currently underway on site-level data of 82 sites 
surveyed for instream vegeta�on in the summer/autumn of 
2024 across the Port Phillip and Westernport region. Data from 
the VegVisions project also offers coarser data on instream plant 
lifeform distribu�ons across the same region. Once a greater 
understanding of the drivers of instream vegeta�on are 
established, future research should inves�gate rela�onships and 
feedback cycles between instream vegeta�on and stream 
geomorphology (i.e. ecosystem engineering), nutrient processing 
and stream biota (Figure 2).
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Figure 2. Hypothesised conceptual model of interest, showing mapped 
research ques�ons



How are we sharing findings?
• MCKENDRICK, S. A., GREET, J., IMBERGER, M., & BURNS, M. 

J. (2024). Catchment-scale hydrology limits the benefits of 
geomorphic complexity for instream vegeta�on 
communi�es. Ecological Engineering, 200, 107176. doi:
h�ps://doi.org/10.1016/j.ecoleng.2023.107176

• MCKENDRICK, S. A., BURNS, M. J., IMBERGER, M., RUSSELL, 
K. L., & GREET, J. (2024). Riverine aqua�c plants trap 
propagules and fine sediment: Implica�ons for ecosystem 
engineering and management under contras�ng land uses. 
Earth Surface Processes and Landforms.
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