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Summary

Within many estuaries, seagrasses are foundation species — providing important habitat and
performing important ecological functions within the ecosystem. Within the Swan-Canning
estuary, the small species Halophila ovalis (common name paddleweed) dominates —
providing approximately 403 ha of seagrass habitat. Monitoring of seagrass for effective
management requires the integration of monitoring efforts at different scales. This report’s
purpose was to develop measures of seagrass condition at the physiological scale, which
respond to individual environmental pressures. This targeted approach to understanding the
mechanistic relationships between seagrass response and pressures will allow management
policies to be specifically targeted at improving the resilience of seagrass in the Swan-
Canning estuary.

Six sites were selected as representative of mono-specific seagrass meadows of H. ovalis in
the Swan-Canning estuary and physiological monitoring was undertaken between October
2011 and May 2012.

The growth conditions for H. ovalis in 2011-12 were considered sub-optimal as growth was
lower than had previously been reported and leaf nutrient concentrations were high
(suggesting the seagrass was ready to grow rapidly if conditions were favourable). A
possible explanation for this was the above-average summer rainfall of 201112, with
associated cloud cover and increased turbidity in-situ resulting in fewer hours of saturating
irradiance. This pattern of higher-than-average summer rainfall is expected to be more
typical for the region into the future.

Macroalgal blooms (Chaetomorpha linum) in late spring to early summer significantly
reduced the light available to seagrass at several sites. This species of macroalgae is
considered a ‘nuisance green alga’ due to its capacity to grow rapidly in response to nutrient
enrichment. It grows unattached and is moved around by winds and currents within the
estuary. At sites where significant algae accumulated, the seagrass was light limited and
unable to allocate sufficient resources to reproduction, so flowering and fruiting was
significantly reduced. At most sites, H. ovalis flowering density was commonly highest in
December, with maximum fruiting density reached one month later.

The period between January and March 2012 was the least likely to show constraints
brought about by temperature, salinity and light conditions: in these months sediment
conditions were found to constrain the growth of seagrass. Sediment conditions potentially
toxic to seagrass are a secondary effect of eutrophication (nutrient enrichment) of the Swan-
Canning estuary. A new ‘sediment-stress’ indicator has been developed from this study to
inform on the relative effect of sediment conditions on seagrass growth.

Additional stresses in the estuary are related to invasive species. An estimated 5.2 billion
Batillaria australis (a mud snail) are present within the H. ovalis meadows of the Swan-
Canning estuary. Also noted during this study was the presence of introduced ascidians —
including Didemnum perlucidum. While not explicitly explored in this study, negative effects
on seagrass communities are generally noted with the introduction of non-native species.
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Physiological indicators developed in this study include aspects that relate to seagrass
performance and vulnerability. The refinement of these indicators across multiple years of
study is necessary to capture the response range of these indicators given the high inter-
annual variability expected of the ephemeral seagrass species. However, these process-
scale indicators inform on why a change in seagrass population may be occurring, and
provide early warning indicators of change before widespread loss of seagrass occurs.
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1 Introduction

1.1 Seagrass fundamentals

Seagrasses are flowering plants (angiosperms) that grow completely submerged underwater
— generally in the marine environment. The seagrass families form an ecological rather than
a taxonomical group and, as such, are not necessarily closely related (den Hartog & Kuo
2006). Indeed, this ecological grouping has resulted in much debate as to which species to
include as seagrasses, with Ruppia and Zannichellia problematic. Approximately 58 species
of seagrass are recognised (Walker 1999), although that number depends on taxonomic
versus genetic classification. About half of the known seagrass species are found in
Australia, with the southern Australian bioregion home to many endemic species
(approximately one quarter of those found worldwide) (Walker 1999).

Seagrasses are found in shallow coastal and estuarine environments worldwide (every
continent except Antarctica). In Western Australia, the main habitats for seagrasses are
sheltered coastal embayments, protected bays, lagoons enclosed by fringing reefs and
estuaries. The endemic species growing in the state’s coastal waters have very different life-
traits to those species found within the estuaries. The seagrass functional form model first
proposed by Walker et al. (1999) and more recently expanded by Carruthers et al. (2007)
places the large seagrasses (such as Posidonia) and small seagrasses (such as Halophila
and Zostera) on opposing ends of the scale. The large species are characterised by
restricted but persistent distribution and slow regeneration, turnover, and responsiveness to
perturbation. By contrast, the small species are widely distributed, reproduce quickly via seed
banks, are ephemeral with rapid turnover, and respond rapidly to perturbation. The
seagrasses found in estuaries worldwide tend to be these smaller seagrass species —
perhaps better adapted to the dynamic conditions within estuaries. In the Swan-Canning
estuary, Halophila ovalis is the most dominant seagrass, although a Zostera species,
Halophila decipiens and Ruppia megacarpa are also observed in the lower estuary. The
Zostera species is found in the most marine part of the Swan-Canning estuary, and has at
various times been reported as Heterozostera tasmanica, Zostera tasmanica, Zostera
muelleri and Zostera mucronata — a result of various clumping and splitting of species
groupings in line with conflicting molecular and morphological studies. It is most recently
acknowledged as the species Zostera muelleri (Jacobs et al. 2006).

Seagrasses grow in soft benthic sediments, with their roots and rhizomes below the
sediment surface. Vegetative growth via these rhizomes allows the seagrass to colonise
large areas, which are referred to as seagrass meadows. As flowering plants, they can also
reproduce sexually and establish (with varying success among the different seagrass
species) from seed. Seagrasses bridge the water/sediment interface, and can take up
nutrients both from the water column and the sediment porewater. Seagrasses typically
invest significantly in below-ground plant parts. This below-ground biomass has been
described as both an asset and a burden (Hemminga 1998) — a burden since the growth and
maintenance of roots and rhizomes has an associated energy cost and makes plants
vulnerable to unfavourable sediment conditions.
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1.2 Ecosystem value of seagrasses

Seagrasses are important components of aquatic ecosystems and their value specifically to
the Swan-Canning estuary is summarised in Figure 1.

Seagrass is a food source for the black swan

Reduces sediment

Seagrass remove nutrients from resuspension
water, and prevent algal overgrowth

: Breathes life into estuary by

oxygenating sediment and water Increases b.iodiversity a3
habitat for invertebrates

Figure 1 Ecosystem value of seagrass in the Swan-Canning estuary

Seagrasses are photosynthetic primary producers — meaning they convert energy from the
sun and inorganic carbon into biomass. Although net primary production is extremely
variable among seagrass species, location and seasons, they are thought to be some of the
most productive groups of organisms in the world (Mateo et al. 2006). Average net primary
production of seagrasses is thought to be twice that of forests, namely 817 gC m*year*
compared with 400 gC m?year™ (Mateo et al. 2006). More recently seagrass meadows have
been acknowledged as significant carbon stores, with their protection being of global
importance to mitigate climate change (Fourqurean et al. 2012a; Fourqurean et al. 2012b).

Halophila ovalis is a highly productive seagrass species. Net primary production of H. ovalis
over the whole Swan-Canning estuary has been estimated at 500 gC m ?year* (1981-82:
Hillman et al. 1995). The process of photosynthesis also produces oxygen as a by-product,
and this may play a role in maintaining oxic conditions at the sediment/water interface.

Seagrass meadows are instrumental in increasing biodiversity of the benthic environment,
and this is as true for the small seagrass species as for the medium to 