Fast-tracking succession: Utilising Halophila ovalis to improve the
survival of climax seagrass transplants in Western Australia.
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Abstract
Seagrasses provide many important ecosystem services and functions, benefiting a
wide range of marine organisms and the livelihoods of many people around the world.
Unfortunately, the global extent of seagrasses worldwide has declined significantly as a
result of anthropogenic impacts in conjunction with more intense and frequent natural
impacts, exacerbating the loss. There have been many attempts around the world and
more recently in Western Australia to restore degraded and damaged seagrass
meadows. Common transplanting methods involve vegetative fragments or
seeds/seedlings which are planted either directly into bare substrate or together with
artificial substrate stabilisers such as mesh mats. These methods have displayed mixed
results and proved to be very costly and slow.
Recent thinking in seagrass rehabilitation involves “compressed succession” which
promotes fast-growing colonising species to spread into disturbed areas, then planting
slow-growing climax species into these areas. In this study, plagiotropic sprigs of
Posidonia australis (N = 108) were planted into areas containing either Halophila
ovalis, P. australis or bare sand in Jervoise Bay, Perth and monitored weekly from
April to August 2020. Similarly, orthotropic sprigs of Posidonia coriacea (N = 120)
were planted into areas containing either H. ovalis, P. coriacea or bare sand in Bateman
Bay, Ningaloo Reef and monitored fortnightly from June to August 2020. We
hypothesised that if the colonising species H. ovalis was present, then sprig survival
would be improved.
The study in Jervoise Bay found that over the course of five months, approximately 60
% of sprigs survived overall. Sprig survival was improved in treatments that featured
existing seagrass growth. Sprig survival was only improved by 11 % when transplanted
into an existing meadow of P. australis compared to a meadow of H. ovalis. Similarly,
the study in Bateman Bay found that over the course of seven weeks, approximately 88
% of sprigs survived overall. Sprig survival was relatively similar in all treatments,
however greater survival rates occurred in treatments that featured existing seagrass
growth. Even though H. ovalis is smaller in structural form than P. australis and P.
coriacea, the rapid growth rate of H. ovalis makes it appealing to transplant into,
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making it a viable “compressed succession” pathway. Overall, the results support the
idea that existing seagrass meadows can provide protection for transplants, improving
their survival.
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Glossary
	
  
	
  
Term
Apical

Definition
Near the tip of a seagrass shoot.

Non-apical

Not at the tip of a seagrass shoot.

Orthotropic

Refers to rhizomes that have a slow, vertical growth and typically have short
internodes, few adventitious roots, a compact habit, and crowded shoots.
Typically found in the centre of dense seagrass meadows.

Plagiotropic Refers to rhizomes that have rapid lateral expansion, horizontal growth, long
internodes and widely spaced shoots. Typically found on the edge of
expanding seagrass meadows.
Treatment

Refers to whether the benthic substrate the seagrass transplants are in a
meadow vegetated with a climax species, colonising species, or unvegetated
(bare sand).
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1.   Introduction
Seagrasses are a paraphyletic group of marine hydrophilous angiosperms that have
developed unique ecological, physiological, and morphological adaptations that allow
them to exist submerged in the marine environment (Les et al., 1997, Orth et al., 2006
& Papenrock, 2012). The four independent lineages of seagrass; Hydrocharitaceae,
Cymodoceaceae, Posidoniaceae and Zosteraceae evolved from a single lineage of
monocotyledonous flowering plants, Alismatales, between 70 and 100 million years
ago (Les et al., 1997). There are approximately 70 species globally that are grouped
into 5 families and 13 genera (Short et al., 2001). Some of the defining adaptations that
contribute to seagrasses surviving in water include internal gas transport, epidermal
chloroplasts, submarine pollination, and marine dispersal (Les et al., 1997). Other
important coastal marine habitats such as mangrove forests, coral reefs, kelp beds and
salt marshes are restricted to specific latitudes (Waycott et al., 2018). Seagrasses, even
with their low species diversity, have been able to colonise worldwide (Figure 1) on
unconsolidated substrates in shallow coastal waters, with the exception of Antarctica
(Nordlund et al., 2016 & Waycott et al., 2018).

Figure 1: Distribution and diversity of seagrass around the world. Darker shades of
green indicate greater species present (Figure 3 in Short et al., 2007).
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Seagrasses occupy approximately 20,000 km2 of the Western Australian coast,
occurring from the intertidal to depths of 45 m, making a significant contribution to
nearshore ecosystems (Green and Short, 2003). The diversity of seagrasses along this
coastline is unrivalled anywhere in the world, supporting 25 species from 10 genera
(Green and Short, 2003). Southwestern Australia is one of only five seagrass hotspots
around the world (Short et al., 2007). This is mainly due to being located at an overlap
between tropical and temperate biogeographic zones, plus large areas of suitable
habitats (Green and Short, 2003). Seagrasses in Australia can be split into three regions,
Tropical north, South-west and South-East (Kilminster et al., 2015). Only Halophila
ovalis, Zostera muelleri, Posidonia australis and P. coriacea are found in all bioregions
(Kilminster et al., 2015).

1.1  Irreplaceable nature of seagrass
Seagrasses have the ability to influence the physical, chemical and biological
environments in coastal waters, acting as ecological engineers (Bos et al., 2007). They
also provide a plethora of important ecological functions and ecosystem services to the
marine environment and the human population (Cullen-Unsworth & Unsworth, 2013;
Nordlund et al., 2016). Seagrass genera are not evenly distributed over all bioregions
and the ecosystem services they provide depend on the genera present in that area
(Nordlund et al., 2016). Larger sized, climax, seagrass genera such as Posidonia and
Enhalus, are perceived to provide more substantial and diverse ecosystem services than
smaller species such as Halophila and Lepilaena (Nordlund et al., 2016). However, this
certainly does not mean smaller, colonising, seagrass genera are less important.

1.1.1 Structural components
The structural components of seagrasses serve many vital functions. Seagrasses are
generally known as ecosystem engineers as their leaves baffle the water flowing over
them, allowing sediments to fall out of suspension and settle (Jones et al., 1997,
Peterson et al., 2004, Bouma et al., 2005 & Bos et al., 2007). The morphology and
percent of the water column occupied by seagrasses exhibits a strong positive relation
to their ability to reduce the velocity of water moving through seagrass meadows
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(Fonseca and Fisher, 1986 & van Keulen and Borowitzka, 2002). In perennial subtidal
meadows, increased net sedimentation and reduction of grain size is usually observed
(Bos et al., 2007 & van Katwijk et al., 2010). This in turn, decreases the turbidity of the
surrounding water, allowing more light to reach the ocean floor to be used for
photosynthesis (Moore, 2004). Seagrasses are also able to change their own
environment by using their rhizome and root systems to form extensive mats that
stabilise the sediment on which they grow (de Boer, 2007). Additional sediment and
nutrients that have fallen out of suspension deposits within the seagrass meadow,
building up the seabed beneath them, raising the intertidal profile (Potouroglou et al.,
2017) (Figure 2).
The leaves of seagrasses are shed naturally and can be detached from the benthos by
storms or large swells (Baring et al., 2018). Tides, currents and waves can transport the
detached seagrass directly to shore (Baring et al., 2018) or drift on the water surface for
several months before sinking, where it is then transported to shore and also forms
beach wrack (Horner, 1987 & Perry et al., 2018). Drifting seagrass and beach wrack
are important in nearshore environments as it shelters young fish in the water column,
provides food for macroinvertebrates, recycles nutrients and assists in dissipating the
incoming wave energy, protecting coastal areas from erosion (Peterson et al., 2004 &
Baring et al., 2018).
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Figure 2: A dense Posidonia australis meadow at Woodman Point, Western Australia
showing their ability to accumulate sand and build up the seabed beneath them. In
contrast, the adjacent unvegetated area displaying the “natural” level of the seabed
(Taken by Joshua Parker, 15/05/2020).

1.1.2 Biodiversity
Biodiversity in seagrass meadows is much greater than that of adjacent unvegetated
areas, with faunal densities orders of magnitude higher inside the meadow (Hemminga
and Duarte, 2000). The three-dimensional structure of seagrass meadows provides a
nursery ground for post-larval and juvenile tiger prawns (Penaeus esculentus and P.
semisulcatus) (Haywood, 1995) as well as many commercially and recreationally
important species of finfish and shellfish at vulnerable stages of life (Beck et al., 2001).
Seagrass meadows are critical for sirenians (dugongs and manatee), sea turtles and sea
horses, providing shelter and an important food source (Beck et al., 2001 & Short et al.,
2007). As seagrass meadows are distributed worldwide, they may be in close proximity
to other important marine habitats, such as mangrove forests or coral reefs (Beck et al.,
2001). This allows for trophic transfers between these habitats that may be essential in
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maintaining the abundance of important species (Beck et al., 2001 & Valentine et al.,
2007).

1.1.3 Recycling of nutrients
Seagrass meadows have a very high nutrient demand to meet their high annual
production, which ranks among the most productive of submerged aquatic ecosystems
(Hillman et al., 1989). Sediment properties such as grain size and porosity are governed
by the hydrodynamic regime experienced in an area (Kindeberg et al., 2018). As the
flow velocity drops over seagrass canopies, the ability for water to hold particles
decreases, leading to the deposition of fine sediments and their absorbed nutrients
(Mellors et al., 2002). Seagrasses have the ability to capture nutrients from both the
water column and sediment pore water through their leaves and roots, respectively
(Hemminga et al., 1991 & Hemminga, 1998). Seagrass meadows significantly
contribute to the carbon, nitrogen and phosphorus cycles in the ocean (Fourqurean et
al., 2012). Nitrogen and phosphorus are returned to the water column through detrital
cycling and carbon can be transported to the deep sea where it provides a critical supply
of organic matter in an extremely food-limited environment (Suchanek et al., 1985).
Seagrass meadows, salt marshes and mangroves contain large stores of carbon (blue
carbon) deposited by vegetation and natural processes that can be preserved over
millennia (IUCN, 2020). These ecosystems sequester and store more carbon per unit
area than terrestrial forests (IUCN, 2020). This can be attributed to slow decomposition
rates, low oxygen levels in the sediment, low concentrations of nitrogen and
phosphorous in plant tissue and a large proportion of the plant biomass buried in
sediment protecting the carbon deposits from leaching out (Duarte et al., 2013).
Seagrasses are much more effective at storing organic carbon in the sediment (500 t
CO2 eq ha-1) than tropical forests (200 t CO2 eq ha-1) (Figure 3). Seagrasses removing
carbon dioxide (CO2) from the atmosphere makes them significant net carbon sinks that
may be vital in mitigating climate change into the future.
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Figure 3: Comparison of coastal ecosystems (seagrasses, salt marshes and mangroves)
to tropical forests in storing carbon in soil (brown) or living biomass (green) in tons of
carbon dioxide equivalent per hectare (t CO2 eq ha-1) (Figure 2 in IUCN, 2020).

1.2 Disturbances impacting seagrass coverage
Seagrasses are not covered in many management plans yet are ranked as one of the
most threatened ecosystems on earth (Waycott et al., 2009 & UNEP, 2020). Only 26 %
of recorded seagrass meadows fall within marine protected areas, compared with 40 %
of coral reefs and 43% of mangroves (UNEP, 2020). Waycott et al. (2009) conducted
the first and only quantitative global assessment of seagrass loss. This study found that
29 % of the known areal extent of recorded seagrass areas had disappeared since 1879
at a rate of 110 km2 y-1 since 1980. The rates of seagrass decline have been
accelerating, initially at a median rate of decline of 0.9 % y -1 before 1940 and
increasing to 7% yr-1 by 1990 (Waycott et al., 2009). Seagrasses and the services they
provide have an estimated economic value of US $19,000 ha-1 y-1 (Costanza et al.,
1997), and are under direct threat by anthropogenic impacts that are accelerating the
loss of seagrasses worldwide.
Seagrass loss is usually a symptom of a larger problem and is occurring in both
developed and developing parts of the world (Short et al., 2007). Direct anthropogenic
impacts contributing to the decline of seagrass include dredging, filling, land
reclamation, dock and jetty construction, boating activities and aquaculture practices
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(Short et al., 2007). Indirect anthropogenic impacts include nutrient and sediment
loading from the watershed, removal of coastal vegetation and hardening of the
shoreline, result in increased water turbidity (Short et al., 2007). Turbid water is
detrimental to seagrass survival as they require some of the highest light levels of any
plant group worldwide (Dennison et al., 1993). Some seagrass species require 25% of
incident radiation, significantly more than other terrestrial angiosperm species that
require only 1% of incident radiation (Dennison et al., 1993). Furthermore, threats as a
result of climate change, such as more frequent and intense storms, bringing large
swells, will have large consequences to seagrass meadows around the world (York et
al, 2016).

1.3  Seagrass rehabilitation methods
Seagrasses provide many vital ecosystem services and functions, however they are
under direct threat exacerbated by anthropogenic disturbances (Phillips, 1974). From
this attention, various revegetation techniques have been trialled around the world to
compensate for the loss. The first seagrass transplantation attempt was by the U.S Fish
and Wildlife Service in the North Atlantic in 1931 as a result of disappearing Zostera
marina from wasting disease (Addy, 1947). Seagrass restoration is still an evolving
science as it wasn’t seriously considered around the world until the 1960’s (Fonseca,
1992). In Australia, seagrass restoration techniques were not seriously considered until
the late 1980s (Paling et al., 2009).
We must first distinguish the difference between seagrass restoration and rehabilitation.
Seagrass restoration is much more challenging to achieve as it aims to return the
ecosystem to near pre-existing conditions prior to disturbance (Paling et al., 2009).
Whereas, seagrass rehabilitation focuses on returning seagrasses and seagrass
ecosystem functions to see improvements in the degraded or affected area (Paling et al.,
2009). Here, we aim to achieve seagrass rehabilitation. Seagrass rehabilitation works
best when the impact which resulted in the loss is removed, then revegetation
techniques are used to aid in the recovery of the area (Glasby et al., 2015 & BoströmEinarsson et al., 2020).
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Mechanical techniques have been tested to transplant larger areas and reduce damage to
the rhizome of the planting units, however due to the lower cost, most of the seagrass
transplanting efforts in Western Australia has been conducted using manual methods
(Paling et al., 2007 & Paling et al., 2009). Revegetation techniques are broadly
separated into two methods. Vegetation methods (1) include extracting mature plants
from a donor meadow in the form of a sprig (bare vegetative shoot) or plug (seagrass
plants in a core of sediment). Seed-based method (2) involves collecting the fruits
which contain the seeds, from a donor meadow. The collected fruit are placed into
special tanks that allow the seeds to fall out of the fruit case and drop to the bottom of
the tank (reviewed in Seddon, 2004). The seeds are then collected and grown to a
suitable size in peat pots before planting in recipient sites. Additionally, seeds can be
spread by hand if recipient site occurs in an area of low tidal range (Unsworth et al.,
2019). At locations were tidal range in large, seeds can be sowed using hessian bags
(Unsworth et al., 2019).

1.3.1   Sprigs
Sprigs are vegetative shoots with intact roots, rhizomes and leaves, with no sediment
attached. The lack of sediment aids in handling but they are easily damaged because the
rhizome is exposed. The removal of sprigs from a donor bed is less destructive than
plug removal and hence is favoured by some researchers (Fonseca et al. 1987 &
Durako et al. 1992). In Western Australia, the success of sprig transplants has been
mixed. Hancock (1992) had no success with sprigs of Posidonia sp. and Amphibolis sp.
because they were inadequately anchored, the anchor restricted rhizome growth and the
sites were inappropriately selected. Alternatively, Gibbs used sprigs of Zostera
muelleri, with initial promising results at sites where the water quality was reasonable
and the energy regime was calm. The low cost of sprig transplantation may outweigh
their reduced survival when transplantation operations are scaled up (Paling et al.,
2007). Paling et al. (2007) stated that sprig transplants have the greatest potential in
conditions of good light, fine sands and moderate water movement. Additionally, sprigs
are capable of spreading faster than plugs if ideal conditions are met (Paling et al.,
2007).
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1.3.2   Plugs
A plug or sod is a core comprising plant roots, rhizomes and leaves, which is removed
from the substrate with the sediment intact (Phillips, 1990). A hole is excavated at the
recipient site, the plug is inserted then backfilled (Phillips, 1990). Plugs are very
efficient at trapping debris, which helps to establish and bind the plug at the recipient
site (West, 1990). It has been suggested that this is due to the improved anchoring
properties afforded by the large cohesive bulk of sediment surrounding the plants, and
reduced disturbance of the rhizome (van Keulen et al., 2003). In Western Australia, the
transplanting of Posidonia spp. plugs have also had mixed results. Paling et al., 1997,
2001 & 2007 showed some success while Hancock, 1992 and Walker, 1994 showed
less success. The greatest shortcoming of plugs is that a healthy donor bed is required
and their removal damages the bed, contributing to additional net loss of seagrass.
Another disadvantage includes an increase in drag and scour upon the plants if the plug
is not buried deep enough. Similarly, if an apical meristem is not present then
expansion is not guaranteed, especially if the plug is small, reducing the number of
available apices.

1.3.3   Seeds/seedling
Within the last decade, the harvesting and sowing of seeds has been investigated by
many (Kirkman, 1999, Granger et al., 2002). Some species, such as Zostera marina,
Posidonia australis and P. coriacea produce large quantities of viable seeds that are
released over several weeks, allowing seed collection (Marion and Orth, 2010).
Common methods of collecting mature fruits are by divers placing a floating mesh bag
over a cluster of fruit and letting the positively buoyant clusters float up into the bag
(Kirkman, 1999). Another method is to place a large Syrlon cloth, with a pocket in the
middle for the fruit to accumulate, over a meadow (Kirkman, 1999). The fruits are held
in free-flowing aquaria until seed germination and dehiscence has occurred (Kirkman,
1999). The warm and stable temperature combined with the agitation from the water
movement inside the tanks promote rapid splitting of the fruit (Sinclair et al., 2021).
This technique simulates floating fruit at the ocean surface exposed to warm sunlight
and being agitated by waves (Sinclair et al., 2021). After dehiscence, the seedlings are
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grown to a suitable size and then planted into biodegradable pots, such as Jiffy Pots and
Growool blocks, or transplanted directly into the substrate, with or without an
anchoring device (Kirkman, 1999). Seedlings are very fragile and can be easily
damaged when collected or when the anchoring device becomes loose. Additionally,
this technique is species-dependent and depends on how frequent and abundant the
seeds are. For the endemic P. oceanica in the Mediterranean, rare fruits make this
method unfeasible (Kirkman, 1999).
The method of spreading seagrass seeds has been proven to be successful for restoring
seagrass around the world (Unsworth et al., 2019). In Australia, substrate enhancement
through mesh or matting are also popular methods to ensure seedling establishment
(Kirkman 1989, 1990; Hancock 1992; Walker 1994). Furthermore, a partnership with
OzFish Unlimited, the University of Western Australia and local community members
have hand broadcasted over 200,000 Posidonia australis seeds to 1,000 m2 of seafloor
in Cockburn Sound, Western Australia. The seeds naturally spread out as they descend,
resulting in a relatively even coverage on the seafloor (Sinclair et al., 2021). Roughly
20 seedlings / m-2 established after 1 year and additional growth occurred by the second
year (Sinclair et al., 2021).
To improve restoration success of seedlings in areas of large tidal range and water
movement, a study in the UK has trialed a method with success, to improve the
stabilisation of Zostera marina seedlings. “Bags of Seagrass Seeds Line (BoSSLine)”
involves planting seeds and sediment using natural fiber hessian bags deployed along
strings anchored onto the seabed (Unsworth et al., 2019). Additionally, early mortality
of seedlings is a severe bottleneck for successful restoration projects. To increase the
survivorship of Cymodocea nodosa seedlings in the Canary Islands, Spain, artificial
seagrass leaves (plastic green raffia) or ‘Artificial Seagrass Shield’ (ASS) were used to
surround seagrass seedlings (Tuya et al., 2017). After 2 years, one third of plots
containing ASS displayed one order of magnitude exponential increased of shoot
density and a significant decrease in herbivory, compared to those plots without ASS
(Tuya et al., 2017).
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1.4  Rational and Aims
1.4.1   Natural seagrass succession
Seagrass communities experience cyclical succession, often reset by disturbance
(Campbell, 2003). When a disturbance occurs, the rate and pattern of recruitment into
these areas is directly related to species-specific availability of propagules at the time of
disturbance (Meehan and West, 2000). Growth forms and reproductive strategies allow
genera of seagrass to be grouped into three broad categories that contribute to the
meadows they form and their overall resilience and recovery from disturbances
(Kilminster et al., 2015) (Figure 4). Genera such as Halophila show very poor
physiological resistance to disturbances. To over come this, they prioritise sexual
reproduction to produce dormant seeds and can regrow ramets that reach sexual
maturity within months (Carruthers et al., 2007). Their ability to build up seed banks,
even short-lived ones, aids in their rapid colonising of areas after a disturbance
(Carruthers et al., 2007). Alternatively, persistent species, such as those in the genus
Posidonia, display very high physiological resistance to disturbances, however their
ramets take several months to years to regrow and become sexually mature. Persistent
species do not generally produce a seed bank, seed production is usually vivipary and
new growth is through clonal growth of long-lived genets (Kilminster et al., 2015). The
third group, opportunistic seagrass species, such as those in the genus Zostera and
Amphibolis combine characteristics of both persistent and colonising forms. They are
able to colonise, produce seeds, have clonality from long-lived genets and recover
rapidly from seed when necessary (Kilminster et al., 2015).
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Figure 4: The dominant traits for colonising (C), opportunistic (O) and persistent (P)
seagrasses. The four different evolutionary lineages are indicated by the text colour of
the genus. The genet persistence for opportunistic species is not yet well understood,
indicated by a question mark (?) (Figure 1 in Kilminster et al., 2015).

1.4.2 Fast-tracking succession
Posidonia is one of the most significant meadow-forming seagrasses in southern
Australia, especially in Western Australia, with eight of the nine species occurring in
these waters (Seddon, 2004). When mature beds of Posidonia and other slow-growing
seagrasses are damaged it is of great concern as they have very few actively spreading
rhizomes, leading to very slow recovery of damaged areas (West, 1990 & Meehan and
West, 2000). In contrast, seagrasses with faster-growing rhizomes, such as Halophila,
have been known to colonise newly available areas and cover space within months
(Kirkman, 1989). Recent thinking in seagrass restoration involves fast-tracking the
natural process of succession, termed ‘compressed succession’, by encouraging
colonising species to grow, then in-planting climax species into the meadow. Previous
studies have displayed that climax species benefit from the association with colonising
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species (Padilla and Pugnaire, 2006). Fonseca et al. (2000) utilised a native colonising
seagrass species, Halodule wrightii, to facilitate the recovery of slow-growing
Thalassia testudinum in the Florida Keys National Marine Sanctuary. Van Keulen et al.
(2003) showed that Posidonia sinuosa experienced increased survival when
transplanted into beds of Heterozostera tasmanica, due to the improved sediment
stability. Hengst et al. (2010) demonstrated that Ruppia maritima meadows could be
used as nursery beds for transplanting Potamogeton perfoliatus. The presence of these
colonising species could therefore serve to create a microclimate that is more suitable
for the survival of other climax species transplants in Western Australia.

1.4.3 Study aim
The objective of this study was to investigate whether the presence of colonising
seagrasses could improve the survival rate of climax seagrass sprig transplants. We
hypothesize that if Posidonia sprigs are planted into existing Halophila ovalis meadows,
then less sediment movement will occur, improving their survival. To test this, sprigs of
P. australis will be transplanted into three “treatments”. Meadows of H. ovalis (1), back
into the donor meadow of P. australis (2) and bare sand (3) in Jervoise Bay. In Bateman
Bay, P. coriacea will be used instead of P. australis.
H. ovalis will be used as the colonising seagrass species as it is widely spread throughout
Australia in tropical and subtropical waters and forms large meadows at the two study
locations, Jervoise Bay and Bateman Bay. These study sites were also selected because
they occur in different bioregions, experience different disturbances and are dominated
by different climax seagrass species.
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2. Methods
2.1 Study Sites
2.1.1 Jervoise Bay
The Perth coastal region experiences a diurnal tidal regime with a microtidal range of
approximately 0.6 metres (Ruiz-Montoya et al., 2015). The offshore waters are
influenced by the warm oligotrophic Leeuwin Current (LC) that shifts the tropical
bioregion along Western Australia south (Ruiz-Montoya et al., 2015). Through the
summer months, October to April, the onshore winds predominantly occur from the
southwest driving coastal circulation northward (Ruiz-Montoya et al., 2015). During
the winter months, May to September, the LC is at its strongest and the winds are
variable. Storms that are generated produce strong north westerly to south westerly
winds which produce large waves and enhanced tides (Skene et al., 2005).
Cockburn Sound (CS) is a large, low-energy coastal basin that forms part of the coastal
margin of the Rottnest Shelf (Skene et al., 2005). CS is an elongated, shallow, partially
enclosed coastal basin approximately 22 km long and varies in width from 15 km in the
north to 9 km in the south (Skene et al., 2005). It is located between the mainland and a
remnant Pleistocene dune ridge, Garden Island, south of Fremantle, Western Australia
(Skene et al., 2005). Within CS waves consist primarily of wind chop with a maximum
recorded wave height of 1 metre (Department of Construction, 1977). Heavy industry
on the eastern side of CS has resulted in large declines in seagrass coverage due to
enhanced epiphytic algae and phytoplankton growth as a result of industrial effluent
and wastewater discharge (Skene et al., 2005). Over fourteen years, from 1967 to 1981,
a significant proportion (2,189 ha) of seagrass coverage were lost, mostly from shallow
subtidal banks on the eastern and southern shores (Kendrick et al., 2002). Since 1981,
port maintenance and a sea urchin outbreak on northern Garden Island has resulted in
additional loss (79 ha) in shallow inshore areas (Kendrick et al., 2002).
Parmelia Bank, north of Cockburn Sound, is a large, shallow (average water depth 5 m)
sand bank extending in an east-west direction from Carnac Island to Woodman Point
(Kendrick et al., 2000). Parmelia Bank and a narrow southern channel restricts the
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exchange of water between the sound and the open ocean (Skene et al., 2005). As a
consequence of these narrow passages, flushing times are slow, taking approximately
22 days to flush 63% of the water body during winter (DAL, 2002). Jervoise Bay is a
southward facing bay (Figure 5) with shallow sand banks that consist of light grey,
relatively uniform, moderately sorted, fine to coarse grained sand (Skene et al., 2005).
The sediment varies in composition of calcium carbonate, shell gravel, seagrass fibre
and decaying seagrass fragments (Skene et al., 2005). Jervoise Bay (32°08’13”S,
115°44’40”E) (Figure 5) is 10 km south of Fremantle and is one of two study sites that
will be used to investigate whether H. ovalis can be utilised to improve the survival of
Posidonia sprigs.
Ten species of seagrass occur in CS with the main meadow-forming species including
P. sinuosa, P. australis, P. coriacea, P. angustifolia, Amphibolis antarctica and A.
griffithii (Cambridge and McComb, 1984 & Kendrick et al., 2002). The smaller
seagrasses include H. ovalis, H. decipiens, Syringodium isoetifolium and Heterozostera
tasmanica, which occur in disturbed areas or beneath the canopy of the climax species
(Cambridge and McComb, 1984 & Kendrick et al., 2002). P. australis forms almost
pure stands on the much smaller areas of higher sediment accretion and on the margin
of meadows adjacent to the beach (Cambridge and Kuo, 1979).
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Figure 5: Satellite image displaying the location of study site one (32°08’09.0” S,
115°44'54.7" E) at Jervoise Bay, Western Australia. The Halophila ovalis meadow,
bare sand and donor meadow are next to each other in approximately 2 metres of water.
(Image sourced from Google Earth, 2020).

	
  

2.1.2 Bateman Bay
Ningaloo Reef extends approximately 300 km north-south along the Cape Range
Peninsula, Western Australia, and is one of the largest fringing reef systems in the
world (Kobryn et al., 2013). The Leeuwin and Ningaloo current dominate the
continental shelf dynamics between 22° and 24° S off the the coastline of north-central
Western Australia (Woo et al., 2006). The LC exhibits seasonal and inter-annual
variability (Pattiaratchi, 2006). During winter the LC is at its strongest because the
stress applied by the equatorward wind stress is weaker coupled with a high pressure
gradient (Pattiaratchi, 2006 & Woo et al., 2006). Meanwhile, during summer it is at its
weakest as it flows against strong southerly winds (Pattiaratchi, 2006). The Ningaloo
Current (NC) is driven by strong southerly wind stress during summer (Woo et al.,
2006). The NC transports cold nutrient-rich water northward, limited to the 50 m
isobath, between the LC and the coast (Taylor and Pearce, 1999).
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Located centrally on the Ningaloo Reef, approximately 4 km north of the Coral Bay
township is Bateman Bay (23°03’17”S, 113°48’25”E ) (Figure 6). Bateman Bay is the
largest embayment on the reef in width and depth (Parker, 2009). The bay is north
facing and extends approximately 20 km from Point Maud to Bruboodjoo Point,
measuring 5 km in width from shore to reef crest (Fitzpatrick and Penrose, 2002). The
Cardabia Passage is 5 km wide and allows increased sediment and wave energy to be
transferred into Bateman Bay (Fitzpatrick and Penrose, 2002) (Figure 6). Bateman Bay
experiences a semi-arid climate attributing its annual rainfall to sporadic and extreme
rainfall events associated with tropical cyclones (Fitzpatrick and Penrose, 2002).
During winter, the wind patterns are dominated by strong east to south-easterly winds,
with afternoon sea breezes from the south-west (Fitzpatrick and Penrose, 2002). Swell
waves from the south to south-westerly prevail throughout the year (Fitzpatrick and
Penrose, 2002). Tides in Bateman Bay are semi-diurnal with a spring-tide of
approximately 2 m (Fitzpatrick and Penrose, 2002).
Nine species of seagrass have been found in various locations throughout the Ningaloo
Reef (van Keulen and Langdon, 2011). There are some clear separations between
temperate and tropical seagrass species, however several species are found throughout
the Ningaloo Reef region (van Keulen and Langdon, 2011). There are significant
seagrass communities in Bateman Bay (van Keulen and Langdon, 2011). The large
meadow-forming temperate species P. coriacea is found at its northern limit in
Bateman Bay (Fitzpatrick and Penrose, 2002). Approximately 200 m north-west of the
Maud Landing jetty pylons presents dense areas of P. coriacea which extends for
several hundred metres (Fitzpatrick and Penrose, 2002). Large numbers of juvenile
North West Snapper and feeding manta rays (Mobula alfredi) frequent these meadows
(Fitzpatrick and Penrose, 2002). P. coriacea is usually found in waters 5 m or deeper
and can tolerate rough water (van Keulen and Langdon, 2011). H. ovalis is the most
common seagrass at Ningaloo, frequently found growing in sandy patches (van Keulen
and Langdon, 2011). Their peak growth occurs in calm conditions of spring and
autumn and reducing in biomass during winter (Fitzpatrick and Penrose, 2002).
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Figure 6: Satellite image displaying location of study site 2 in Bateman Bay, Western
Australia. (A) Halophila ovalis meadow and bare sand (23°06’44.4” S, 113°46’33.2”
E) are at a depth of 4 metres and the (B) Posidonia coriacea donor meadow
(23°05’53.0” S, 113° 47’47.9” E) is at 6 metres of water. The two sites are 2.7 km apart
on a bearing of 235° true (Image sourced from Google Earth, 2020).
	
  
	
  

2.2 Experimental design and planting units
2.2.1 Jervoise Bay
Three adjacent sites, P. australis meadow, H. ovalis meadow (vegetated) and bare sand
(unvegetated) (referred to as treatments onwards) were selected within Jervoise Bay at
similar depths (1.8 – 2 m) (Figure 5). The donor and recipient meadows were 30 m
from shore, so no boat was used. P. australis generally forms extensive meadows on
sheltered coasts and in estuaries (Bastyan and Cambridge, 2008). The rhizomes of P.
australis growing at expanding edges have a horizontal growth form with longer
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internodes and rapid lateral expansion while rhizomes in the centre have short
internodes and crowded shoots leading to vertical growth (Kendrick et al., 2008).
Planting units of P. australis were collected from the leading edge of a large and
healthy nearby P. australis meadow. Cuttings of plagiotropic apical shoots were
collected from several locations around the meadow to ensure that the donor bed was
harmed as little as possible. Retrieval of plant material was done with scuba and longer
sections of seagrass were preferred and placed into a catch bag to reduce the amount of
time in water. The plant material was taken to shore and submerged into big plastic tubs
filled with clean seawater, before and after processing to prevent desiccation (Horn et
al., 2009) (Figure 7). To reduce physiological stress, transplanting occurred within an
hour of retrieving plant material from donor meadow (Horn et al., 2009 & BMT
Oceanica, 2013). To ensure processed sprigs were transplanted within an hour of
retrieval, thirty-six sprigs were processed at a time and no plant material were left in the
plastic tub while transplanting. Therefore, retrieval of plant material from donor
meadow occurred three times.

Figure 7: The plant material collected from the donor meadow submerged in seawater
to prevent desiccation (1). Plagiotropic apical shoot before cutting to size (2). Seagrass
attached to staple by two cable ties ready for transplanting (3) (Taken by Joshua Parker,
26/03/2020).
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Each planting unit featured between two and five shoots to reduce the chance of early
displacement (BMT Oceanica, 2013), rhizome length was standardised to 10 cm (BMT
Oceanica, 2013) and leaves cleaned of epiphyte growth (Figure 7). Planting units were
rejected if they featured breakage or damage to the rhizome or if there was evidence of
heavy grazing on the leaves. The processed planting units were then attached to a ushaped wire staple (30 cm x 10 cm x 3 mm) by two small plastic cable ties (Figure 7).
The cable ties were tightened just enough to secure the seagrass to the staple and the
excess was cut off (Figure 7). Yellow electrical tape, approximately 15 cm long, was
attached to each of the staples so that the transplant could be identified after being
inserted into the sediment (Figure 8). A cable tie attached a numbered tag to a tent peg
and was also assigned to each sprig to ensure the same transplant was monitored each
week (Figure 8).
The processed sprigs with numbered tags were placed into a crate with holes and
weights to aid in the transport of large quantities of sprigs out to the recipient meadows.
Transplant densities did not exceed 0.5 m apart, however the transplants in the H.
ovalis and P. australis meadow followed the natural curvature of the meadow. In the
adjacent unvegetated sand, transplants were planted in rows of six, covering an area of
6.25 m2. A 5 cm depression in the sediment was dug by hand and the sprig was inserted
into the sediment ensuring that the rhizome apex was pointing into the current and
swell to reduce the chance of displacement (BMT Oceanica, 2013). The sprig was then
back filled with the yellow electrical tape above ground and the numbered tag
positioned next to it. A total of 108 planting units were used for this study. Thirty-six
planting units were transplanted into each treatment, (1) vegetated: P. australis, (2)
vegetated: H. ovalis, (3) unvegetated: bare sand (Table 1).
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Figure 8: The out-planting process of Posidonia australis in Jervoise Bay. All
processed sprigs were carefully placed in a crate with holes and weights to help in
transport and stability (4). Transplanting has occurred in the Halophila ovalis meadow
(5). The yellow electrical tape and numbered tag is clearly visible representing where
the sprig is (6). Biofouling was removed on tapes and tags on each monitoring period
(Taken by Joshua Parker, 26/03/2020).

2.2.2 Bateman Bay

Identification of suitable transplanting study sites in Bateman Bay was conducted using
a ‘manta board’ towed behind a boat in order to cover more area. Dense patches of
H. ovalis occurred at the southern end of Bateman Bay, whereas adequate P. coriacea
meadows occurred more centrally in the Bay (Figure 6). The waypoints of the meadows
were recorded and saved on the boats navigation system (B&GTM). Surface marker
buoys were not used, to avoid any entanglement with megafauna, such as manta rays
that frequently feed in the area, or interfere with wildlife interaction boats.
The three study sites were selected as they occurred at similar depths; H. ovalis and
bare sand occurring at 4 m and P. coriacea at 6 m. P. coriacea have vertically growing
rhizomes and roots that are usually buried 50 cm in the sediment (Kendrick et al.,
2008). This growth form helps P. coriacea colonise unvegetated sand in areas where
the substrate is highly mobile (Kendrick et al., 2008). The rhizomes branch in one plane
resulting in patches expanding linearly along one axis (Kendrick et al., 2008). Planting
units of P. coriacea were collected from the leading edge of a large and healthy P.
coriacea meadow (Figure 9). Cuttings of orthotropic non-apical shoots were collected
from several locations along the meadow to ensure that the donor bed was harmed as
	
  

30	
  

little as possible. The donor P. coriacea meadow was approximately 200 m from shore
and 2.7 km to the recipient site of H. ovalis meadow and bare sand (Figure 9). The
same criteria and technique was used to transplant P. coriacea as for P. australis in
Jervoise Bay (see section 2.2.1), however, processing occurred on the boat not the
shore to reduce the time the seagrass segments were out of the water. A total of 120
planting units were used for this study. Forty planting units were transplanted into each
treatment, (1) vegetated: P. coriacea, (2) vegetated: H. ovalis, (3) unvegetated: bare
sand (Table 1).

Figure 9: Display Posidonia coriacea transplanted into three treatments (1) P. coriacea
meadow, (2) Halophila ovalis meadow and (3) bare sand in Bateman Bay. Yellow
electrical tape and numbered tags are present to aid in identifying transplant (Taken by
Joshua Parker, 03/07/2020).
Table 1: The number and species of transplants per treatment at each site.

	
  

Treatments
Halophila ovalis
Bare sand
meadow
(unvegetated)

Site

Transplant species

Jervoise Bay

Posidonia australis

36

Bateman Bay

Posidonia coriacea

40

Donor
meadow

Total

36

36

108

40

40

120
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2.3 Sampling regime

P. australis sprigs were transplanted into each treatment in Jervoise Bay at the
beginning of April 2020. The sprigs were monitored once every week for 11 weeks.
However, a severe storm occurred during the third week, so no monitoring was
conducted that week. A two-week alternating monitoring regime was conducted
between Jervoise Bay and Bateman Bay after the 11th week. P. coriacea sprigs were
transplanted into three treatments in Bateman Bay at the end of June 2020. The sprigs
in Jervoise Bay were not monitored for two weeks while transplanting P. coriacea into
Bateman Bay. The sprigs in Jervoise Bay were monitored once a week for two weeks
before returning to Bateman Bay to monitor the sprigs. Monitoring of P. australis
sprigs finished at the beginning of August 2020, totalling 21 weeks. Monitoring of P.
coriacea occurred on two occasion, on the fifth and seventh week since transplanting
occurred. P. coriacea sprigs were monitored until the beginning of August, totalling
seven weeks. The delay to transplant sprigs in Bateman Bay was a result of regional
border closures in Western Australia due to COVID-19.

2.3.1 Sediment Samples
Sediment samples were collected and analysed for nutrient content at the two study
sites, to confirm site homogeneity and to explore potential environmental influences on
seagrass growth. Thirty-centimetre hand corers were used to collect six sediment cores
of the top five centimetres of sediment from three different bays around Woodman
Point. These included Jervoise Bay, Woodman Point Bay and Owen Anchorage (Figure
5). Sediment samples were collected one week after sprigs were transplanted. The six
sediment samples collected from each bay were mixed to reduce any spatial
heterogeneity. Eighteen samples were sent to the Marine and Freshwater Research
Laboratory (MAFRL) at Murdoch University to dry and grind before analysing for total
nitrogen and phosphorus, immediately after collection. Similarly, 24 sediment samples
were collected from the three meadows in Bateman Bay at the beginning of August
(2020) and refrigerated before sending them to MAFRL for analysis.
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2.3.2 Monitoring
Monitoring involved identifying the condition and growth of the transplanted seagrass.
The numbered tags that were placed next to each transplant (Figure 8.6) was vital to
ensure the same transplant was monitored each week. Three broad criteria were used,
which included missing, risen and normal. Sprigs were recorded as missing if they
featured a “dead seagrass” (no leaves or roots and rhizome hairy) and if sprig was no
longer there (washed away or buried). Sprigs were recorded risen if they featured
exposed rhizome, staple or cable ties. The length the sprig had risen (cm) was also
recorded in the general comments to account for sprigs that may have gone missing.
Sprigs were recorded as normal if the rhizome, staple and cable ties was not exposed
above sediment level.
Additionally, total number of shoots, total number of leaves, any new leaves or
inflorescence present and any other general comments regarding the health of the sprig,
e.g. epiphyte growth on leaves or whether H. ovalis had grown over the sprig (Figure
10) were also recorded. At the end of the monitoring period, 21 weeks for Jervoise Bay
and seven weeks for Bateman Bay, the experiment was terminated and sprigs removed
from treatments. The rhizome length was only calculated for sprigs in Bateman Bay.
The total number and longest new roots were calculated for sprigs in both locations,
which are distinguishable from the older roots as they are bright white in colour.
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Figure 10: Using a waterproof notebook to collect information regarding the condition
of the seagrass transplants. This was conducted using scuba and occurred at both
Jervoise Bay and Bateman Bay (Taken by Mike van Keulen, 31/08/2020).

2.4 Statistical analysis
Statistical analysis was undertaken using IBM SPSS Statistics 24. Sediment nutrients
were analysed against treatment using a two-way Multivariate ANOVA (General
Linear Model) and a Post Hoc analysis (Tukey) was conducted to compare means of
total nitrogen and phosphorus against each treatment. The profile of the sprigs was
categorised into three distinct groups (missing, risen, normal) and a frequency table was
created in Microsoft Excel. The number of leaves, number of shoots, number of roots,
longest roots and rhizome length for each treatment over time was analyses using a
one-way Univariate ANOVA (GLM).

2.5 Permits
Samples were collected under Exemption (3103) under the Fish Resource Management
Act (WA Department of Primary Industries and Resource Development) and Flora
Taking (other purpose) Licence (FT61000007) (WA Department of Biodiversity,
Conservation and Attractions).
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3.   Results
	
  

3.1  Jervoise Bay
3.1.1   Sediment Nutrients
In each of the treatments there was at least double the amount of phosphorous as there
was nitrogen (Figure 11). The total amount of phosphorus that occurred in each of the
treatments was approximately 0.4 mg/g. There was some variability in the total
nitrogen content in the bare sand treatment, however in the other treatments it was
found to be uniform (0.2 mg/g). A significant difference was found in total nitrogen
between treatments (p = 0.005, d.f. = 2) and in total phosphorus between treatments (p
= 0.004, d.f. =2). The mean nitrogen and phosphorus content was further analysed
using a Post Hoc Test (Tukey) against treatments. A significant difference was
observed for mean total nitrogen between the Posidonia treatment and both the
Halophila (p = 0.010) & bare sand (p = 0.010) treatments. A significant difference was
observed only for mean total phosphorus between the Posidonia and Halophila
treatment (p = 0.003).
	
  

Figure 11: Total nitrogen and phosphorus content (±	
  SE) in the sediment (mg/g) from
each treatment in Jervoise Bay.
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3.1.2   Sprig profiles
Over the 21-week study period, 59.9 % of P. australis sprigs in all three treatments
survived (normal) (Table 2). Additionally, there was a relatively similar proportion of
P. australis sprigs overall that were missing or had risen out of sediment and deemed to
not survive (20 % and 20.1%, respectively) (Table 2). At the end of the study period,
the largest proportion of missing sprigs occurred in the Posidonia treatment (26.2 %).
While the largest proportion of risen sprigs occurred in the bare sand treatment (31.3
%). Sprigs in the Halophila treatment survived (normal) only 9.1 % better than those in
bare sand treatment (50.2 %).
Table 2: The frequency and percentage of the three profile categories (missing = not to
be found, risen = cable ties, roots and rhizome exposed, normal = sediment over
rhizome, roots and no cable ties seen) given to each of the sprigs over 21 weeks of
monitoring. Overall frequency and percentage of each profile category from all
treatments is also shown.

The overall trend of surviving P. australis sprigs transplanted back into the donor
meadow (Posidonia treatment) was negative as time went on (Figure 12). There is an
initial spike (25 %) in sprigs that have risen after the first week of transplanting. The
first winter storm that the sprigs experienced occurred during week three which resulted
in the first major loss of sprigs (11.1 %). The proportion of missing sprigs surpassed
half of the total amount of sprigs (36) in week 16, plateauing for the next five weeks.
The highest proportion (58.3%) of missing sprigs occurred in week 18 (Figure 11). It is
important to identify that there was a low proportion of sprigs that were risen or stayed
risen within the Posidonia treatment. The majority of sprigs were either missing or
normal, which is in contrast to the other treatments (Figure 13, 14).
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Figure 12: Profiles (normal, risen, missing) over 21 weeks of sprigs transplanted into
the Posidonia treatment.
The overall trend of surviving P. australis sprigs transplanted into the Halophila
meadow was negative as time went on (Figure 13). There was also an initial increase in
the proportion of sprigs (16.2 %) that rose out of the sediment in the first week,
however this was less than that in the Posidonia meadow. There was a steady increase
in the proportion of sprigs that were missing from 2.7 % to 29.7 % by the end of the
study period. The proportion of risen sprigs was higher in all monitoring weeks than the
proportion of sprigs that were missing. There was a large increase in the proportion of
risen sprigs between week two (13.5 %) and four (29.7 %), however there was a
consistent proportion of risen sprigs of approximately 30% until the end of the study
period. At the end of the study period, the proportion of sprigs still surviving (normal)
was 35.2 % (Figure 13). The proportion of surviving (normal) sprigs improved within
the Halophila treatment (10.1 % increase) compared to sprigs in the bare sand
treatment (Figure 14) by the end of the study period.
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Figure 13: Profiles (normal, risen, missing) over 21 weeks of sprigs transplanted into
the Halophila treatment.
Survival of sprigs transplanted into the bare sand treatment decreased over time (Figure
14). The proportion of missing sprigs increased more rapidly in bare sand compared to
the sprigs in the Halophila treatment. The last five weeks of the study period saw a
similar proportion of sprigs missing at approximately 37 %, much higher than that seen
in the Halophila treatment. It was evident that once the P. australis sprigs had risen in
the bare sand treatment they would be missing the next week; this is represented by
increases in the proportion of risen and then missing in the week after. At the end of the
study period, the P. australis sprigs transplanted into the bare sand treatment fared the
worst compared to the other treatments with only 25 % of sprigs surviving, 38.9 %
missing and 36.1 % had risen out of sediment in week 21.
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Figure 14: Profiles (normal, risen, missing) over 21 weeks of sprigs transplanted into
the bare sand treatment.
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3.1.3 Structural components
There was an overall significant difference between the number of shoots and weeks (p
= 0.000, d.f. = 15) since transplanting. There was also a significant difference between
the number of shoots and the three treatments (p = 0.013, d.f. = 2). The overall trend in
the average number of shoots (Figure 15) declined for all treatments by the end of the
study period. The average number of shoots per sprig in the Posidonia treatment
displayed the largest decline from 3.92 ± 1.23 to 2.67 ± 1.28 shoots / sprig. The
smallest change in the average number of shoots / sprig over 21 weeks was seen in the
Halophila treatment, 2.65 ± 0.75 to 2.31 ± 0.62 shoots / sprig. The average number of
shoots / sprig was consistently higher in the Posidonia treatment than the Halophila
and bare sand treatments throughout the study period. The average number of shoots
per sprig in the bare sand treatment was greater than in the Halophila treatment until
the tenth week, where the average number of shoots per sprig was greater in the
Halophila treatment for the remainder of the study period. The decline in the average
number of shoots per sprig in each of the treatments could be a result of a decline in
surviving (normal) sprigs instead of individual plant health.

Figure 15: Mean (± SE) number of shoots from the 36 sprigs in each treatment
(Posidonia, Halophila and Bare Sand) over 21 weeks.
There was an overall significant difference between the number of leaves over time (p
= 0.000, d.f. 15) since transplanting. There was also a significant difference between
the number of leaves and the three treatments (p = 0.000, d.f. = 2). In contrast to the
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average number of shoots, the average number of leaves per sprig was not the highest
in the Posidonia treatment in all of the weeks (Figure 16). However, the Posidonia
treatment initially had the largest average number of leaves per sprig for the first two
weeks (Figure 16), then the bare sand treatment recorded the largest average number of
leaves per sprig of 7.12 ± 3.60 in the forth week. The decreases in the average number
of leaves per sprig in the Posidonia treatment could be the result of sprigs being
covered in sediment on the day of monitoring and therefore, not recorded. The average
number of leaves per sprig in the Halophila treatment was fairly consistent throughout
the study period, beginning at 5.49 ± 1.98, dropping to 4.41 ± 1.97 in week 15 and
ending on 5.19 ± 2.12 by the end of the study period. This could have been the result of
a higher proportion of new leaves growing compared to leaves that were lost by water
movement.

Figure 16: Mean (±	
  SE) number of leaves from the 36 sprigs in each treatment
(Posidonia, Halophila and Bare Sand) over 21 weeks.
The number of new roots did not significantly differ between treatments (p = 0.373, d.f.
= 2). There was a difference in the proportion of sprigs in each treatment that showed
new root growth (Table 3). More than half of the sprigs in the Halophila treatment
displayed new root growth with an average number of new roots present 4.65 ± 2.62.
Sprigs in the Posidonia treatment displayed the highest number of new roots per sprig
while sprigs in bare sand treatment showed the least (Table 3). Among the sprigs that
showed new root growth, the longest root (cm) was measured. There was no significant
difference between longest root and treatment (p = 0.271, d.f. = 2). In each treatment,

	
  

40	
  

this measurement varied significantly from the mean, however the average longest root
occurred in the Halophila treatment (11.96 ± 6.07).
Table 3: The proportions (%) of sprigs from each treatment that had new root growth,
average (± SE) number of roots per sprig and longest roots (cm) present.
Treatment
Posidonia
Halophila
Bare Sand
	
  
	
  

Number of New Roots
%
Mean ± SE
5.21 ± 3.14
39
54
4.65 ± 2.62
28
3.60 ± 2.22

Longest Root (cm)
Mean ± SE
8.76 ± 5.55
11.96 ± 6.07
9.65 ± 5.73

3.2  	
  Bateman Bay
	
  
3.2.1   Sediment nutrients
In each of the treatments there was approximately triple the amount of phosphorous as
there was nitrogen (Figure 17). The total phosphorus content in the Posidonia treatment
was the highest (0.61 ± 0.015 mg/g) while the bare sand treatment contained the lowest
(0.52 ± 0.023 mg/g). The total nitrogen content was uniform in all three treatments (0.2
mg/g) (Figure 16). A significant difference was found to occur between the treatments
and total phosphorus (p = 0.000, d.f. = 2). No significant difference was found between
treatments and total nitrogen. The means of phosphorus content were further analysed
using a Post Hoc Test (Tukey) against treatments. A significant difference occurred for
mean total phosphorus between the Posidonia treatment and both the Halophila (p =
0.000) & bare sand (p = 0.000) treatments. Post Hoc Test could not be conducted
because total nitrogen did not differ significantly among the treatments.
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Figure 17: Total nitrogen and phosphorus content (±	
  SE) in the sediment (mg/g) from
each treatment in Bateman Bay. Note no error bars for nitrogen content as it was 0.2
mg/g in each treatment.

3.2.2   Sprig Profiles
Over the 7-week study period, roughly 88% of P. coriacea sprigs in all three treatments
survived (normal) (Table 4). Additionally, there was a small proportion of P. coriacea
sprigs overall that were missing or had risen out of sediment and deemed to not survive
(0.8 % and 11 %, respectively) (Table 4). At the end of the study period, the largest
proportion of missing sprigs occurred in the Halophila treatment (1.7 %), while the
largest proportion of risen sprigs occurred in the bare sand treatment (12.2 %). Sprigs in
the Halophila treatment survived (normal) only 1.3 % better than those in bare sand
treatment (87 %).
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Table 4: The frequency and percentage of the three profile categories (missing = not to
be found, risen = cable ties, roots and rhizome exposed, normal = sediment over
rhizome, roots and no cable ties seen) given to each of the sprigs over seven weeks of
monitoring. Overall frequency and percentage of each profile category from all
treatments is also shown.

The overall trend of surviving (normal) sprigs transplanted into each treatment declined
as time went on (Figure 18). There were no sprigs that went missing in the Posidonia
treatment, however some were lost from the Halophila and bare sand (2.5 % for both)
treatments. All treatments displayed sprigs that had risen after five weeks. There was a
substantial jump in the proportion of sprigs that had risen in the Posidonia treatment
between week five (7.5 %) and week seven (25 %). At the end of the study period, the
smallest proportion of sprigs that had risen occurred in the Halophila treatment (20 %),
followed by the bare sand treatment (25 %). After the first five weeks, sprig survival
was greater in the Posidonia treatment (92.5 %), however, by the seventh week, sprigs
transplanted in the Halophila treatment fared the best (77.5 %) (Figure 18).

Figure 18: Change in profile (%) (normal, risen, missing) over 7 weeks for the three
treatments (Posidonia, Halophila and Bare Sand).
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3.2.3   Structural components
There was no significant difference in the number of shoots over time (p = 0.545, d.f. =
2) since transplanting. However, there was a significant difference in the number of
shoots in the three treatments (p = 0.016, d.f. = 2). Initially, sprigs transplanted into the
Posidonia treatment had the largest average number of shoots (4.03 ± 1.07) while
sprigs in the Halophila treatment had the least average number of shoots (3.65 ± 1.14).
There was no change in the average number of shoots that were initially transplanted
and recorded in week five in the Posidonia treatment. However, a slight decline in the
average number of shoots per sprig did occur two weeks later (3.83 ± 1.06). A similar
trend occurred in the bare sand site. The initial recorded average number of shoots per
sprig differed only slightly from that recorded after five weeks, with the largest decline
seen in week seven (Figure 19). In contrast, the average number of shoots per sprig in
the Halophila treatment stayed relatively consistent over the seven weeks (Figure 19).
At the end of the study period, the sprigs in the Posidonia treatment showed the largest
average number of shoots, while those in the bare sand treatment showed the least (3.46
± 1.07).

Figure 19: Mean (± SE) number of shoots from the 40 sprigs in each treatment
(Posidonia, Halophila and Bare Sand) over seven weeks.
There was an overall significant difference in the number of leaves over time (p =
0.001, d.f. 2) since transplanting. The number of leaves in each treatment did differ,
however this difference was not significant (p = 0.063, d.f. = 2). Overall, the average
number of leaves per sprig increased in all treatments. The large proportion of sprigs
surviving (normal) after seven weeks (Figure 18) suggests that this increase in number
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of leaves per sprig is due to new leaves growing. The largest increase in the average
number of leaves per sprig for each treatment occurred in the seventh week. The
average number of leaves per sprig in the Halophila treatment was the least at the
beginning of the project (4.18 ± 1.75), however by the end, the average number (5.36
± 2.03) surpassed that of the leaves per sprig in the bare sand treatment (4.93 ± 1.86).
Initially, the number of leaves per shoot occurred at one to one, however, over time this
might have increased disproportionately as the average number of shoots per sprig over
time declined (Figure 19) and the average number of leaves per sprig increased (Figure
20).

Figure 20: Mean (± SE) number of leaves from the 40 sprigs in each treatment
(Posidonia, Halophila and Bare Sand) over seven weeks.
The number of new root growth did not significantly differ between treatments (p =
0.228, d.f. = 2). Half of the sprigs in the Posidonia treatment displayed new root
growth with the largest average number of new roots present (2.45 ± 0.83). Meanwhile
only a quarter of sprigs in the Halophila and bare sand treatments showed new root
growth. The sprigs with new root growth in the Halophila treatment displayed the least
average number of new roots after seven weeks (1.70 ± 0.95). There was a significant
difference between the longest root and treatment (p = 0.007, d.f. = 2). There was a
substantial difference between the average longest roots among treatments, with the
longest in the Posidonia treatment (5.77±	
  3.09 cm) and the smallest in the Halophila
treatment (2.89 ± 2.51 cm). The large standard errors in each of the treatments suggests
that the longest root on sprigs with new roots present varied significantly and may not
be a true representation of mean root length (Table 5). The average rhizome length was
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relatively similar between treatments, however the average rhizome length of sprigs in
the Posidonia treatment was the smallest (2.52 ± 1.17 cm). A significant difference
was found to occur between rhizome length and treatment (p = 0.007, d.f. = 2).
Table 5: The proportions of sprigs from each treatment that had new root growth, the
average (± SE) number of roots per sprig and the longest roots (cm) present. The
average (± SE) rhizome length (cm) was calculate from the sprigs in each treatment
upon termination of experiment.

4.   Discussion
4.1  Jervoise Bay
4.1.1   Summary
Cockburn Sound has a history of seagrass decline as a result of eutrophication and
industrial development near the coastline. This has resulted in approximately 78 % of
the extent seagrass coverage being lost in the past 45 years (Cambridge and McComb,
1984). However, a study by Paling et al. (2007) has confirmed that a large proportion
of Cockburn Sound is currently at a condition which is suitable for seagrass growth.
The transplants in each treatment displayed epiphyte growth on the leaves, however
this didn’t seem to inhibit growth. New leaves, shoots, roots, and inflorescence
structures were recorded. Additionally, H. ovalis was observed to spread and grow over
a number of sprigs after two weeks, and during termination of experiment, several sprig
rhizomes were noted to be longer than the standardised 10 centimetres. Therefore, this
supports the conclusion made by Paling et al. (2007) as seagrass growth was recorded
in each treatment. Sprig transplants have the greatest potential to survive in areas of
good light, fine sands and moderate water movement (Paling et al., 2007). The
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environmental conditions present at Jervoise Bay may be able to provide the greatest
potential for sprig survival.
Combining all treatments, the proportion of sprigs that survived was one and a half
times more than sprigs that were deemed not to survive. The survival rate of sprigs for
each treatment declined over time. Treatments that featured existing vegetation
improved the survival rate of the sprigs. The Posidonia treatment with the largest
existing growth featured the greatest survival rate of all treatments. The number of
shoots and leaves were also recorded to examine the influence each treatment gives to
protecting the above-ground biomass. The average number of shoots and leaves
declined in all treatments, however the Halophila treatment fared the best in reducing
this decline.
Phosphorus and nitrogen are key nutrients that influence the growth rate of seagrasses.
In response to this, number of sprigs that had new roots, total number of new roots and
longest roots were calculate as a large portion of the nutrients required by seagrass are
absorbed through their root systems. Additionally, the longer the roots are and the more
roots seagrasses grow, the more stable they are in the sediment. The sediment in each
treatment was nitrogen deficient, with approximately double the content of phosphorus.
With no existing vegetation in the bare sand treatment, sediments are more prone to
movement which may result in less nutrients being absorbed. The nitrogen content in
the bare sand treatment varied slightly more than that of the other treatments. The
Halophila treatment showed the greatest proportion of sprigs that displayed new root
growth and the longest average root length. However, the large standard errors for
average number of roots and longest roots per sprig suggest that the values were very
variable among the treatments.

4.1.2 Sprig survival
The transplants in Jervoise Bay experienced a winter storm event three weeks after
being transplanted and several others throughout the study period. Storm events that
occur early in the experiment have the potential to result in a large decline in sprig
survival. A storm event occurred early on in the experiment by van Keulen et al. (2003)
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which resulted in all Amphibolis griffithii sprigs transplanted in four metres of water
east of Carnac Island to disappear within 99 days. Sprigs at two metres depth in
Jervoise Bay still survived after 145 days. Posidonia spp. have approximately 50 to 90
% of their biomass below-ground, compared to Amphibolis spp. which only have 20 %
beneath the sediment (Hillman et al., 1989). The reduced below-ground biomass in
Amphibolis griffithii sprigs may have allowed an easier removal by the storm event
than for Posidonia australis sprigs overall.
Seagrasses have the ability to modify currents and promote sediment deposition
(Potouroglou et al., 2017). Fonseca and Fisher (1986) utilised the different structural
forms of Thalassia testudinum, Halodule wrightii, Zostera marina and Syringodium
filiforme to test their ability to modify currents and deposit sediment by exposing these
species to increasing water velocities in a flume. This study found a strong positive
correlation between canopy friction and percent of the water column occupied by
seagrass. T. testudinum, a persistent species, provided the greatest protection while S.
filiforme, an opportunistic species, provided the least protection to the sediment surface
from erosion. Widdows et al. (2008) found improved sediment stability when Zostera
noltii, a short-leaf colonising species grew in sandy substrate. The structural forms
between persistent P. australis and colonising H. ovalis also differ significantly in the
percent of the water column they occupy. The leaves of P. australis are strap-like with
multiple leaves protruding from a single shoot, measuring at least 10 cm. Meanwhile,
H. ovalis has paddle-like leaves that grow in pairs out of an upright branch, measuring
2 to 3 cm in length. The existing growth in the Posidonia treatment provides more
canopy friction, increasing sediment deposition as well as protection from sediment
surface erosion.
Resuspension of bottom sediments by waves was investigated in a shallow (< 2m)
estuarine embayment colonised by seagrass communities in Chesapeake Bay (Ward et
al., 1984). In unvegetated regions significant resuspension of bottom sediments
occurred when winds exceeded 25 km / hr. High concentrates of resuspended sediment
quickly dissipated after 24 hours when winds became calm. The combination of winter
storms and prevailing south west winds, would have contributed to resuspended
sediment in the water column into Jervoise Bay. Mean sediment height has been
recorded to fluctuate approximately 10 cm in areas east of Carnac Island (Walker,
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1994) which are sufficient enough to remove sprigs (van Keulen et al., 2003). The
Posidonia treatment displayed the lowest proportion of sprigs that rose out of sediment
(3.5 %), and the largest proportion (26.2 %) of missing sprigs lost to burial of entire
sprigs by sediment deposition. Furthermore, the existing growth in the Halophila
treatment only slightly improved the proportion of sprigs from rising (5.8 %) and went
missing (3.4 %) compared to the bare sand treatment. It was observed that after two
weeks, H. ovalis growing near the sprigs, were able to grow and spread over the
rhizome and staple of the sprigs. This my have also contributed to the improved
survival rate of sprigs in the Halophila treatment.
Sprig survival was only improved by 11 % when transplanted into an existing meadow
of P. australis compared to a meadow of H. ovalis. Even though H. ovalis is smaller in
structural form than P. australis, the rapid growth rate of H. ovalis makes it appealing
to transplant into, making it a viable “compressed succession” pathway.

4.1.3 Structural components
The number of shoots in each treatment initially differed significantly because a range
of two to five shoots per sprig was possible, showed by the large error bars in Figure
15. Additionally, a significant difference occurred between the number of shoots and
weeks since transplanting. Overall, the average number of shoots in each treatment
declined over time. This could be the result of an increase in sprigs going missing,
shoots dying as a sign of plant being stressed or the study period being too short to
allow new shoot growth. New shoots are produced by branching at the rhizome apex,
however new shoot growth takes several years (Bastyan and Cambridge, 2008).
Therefore, it can be concluded that the study period was too short to display signs of
new shoot growth. The smallest change in the average number of shoots per sprig
occurred in the Halophila treatment. Shoots were will counted in situ if sprig was risen,
which may have contributed to this. Whereas, the largest decline in average number of
shoots occurred in the Posidonia treatment because this treatment recorded the greatest
proportion of sprigs to go missing resulting in no shoots being recorded for those
sprigs. The significant difference in the average number of leaves in each treatment was
a result of the range of shoots per sprig, as P. australis grows several leaves in each
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shoot. As the number of shoots declined over time, so did the number of leaves. The
Halophila treatment reduced the speed that leaves were lost, as the difference between
the initial and final number of leaves was the smallest. The nutrient cycling found to
occur in the marine carbonate sediments differs from that of marine terrigenous
sediments (Short et al., 1990). The major regeneration processes of nitrogen are similar,
however, nitrogen fixation appears to be of greater significance in carbonate sediments
(Short et al., 1990 & Erftemeijer and Middelburg, 1993). Root growth can be increased
in response to nutrient availability, but decline in the presence of excessive nitrogen
(Cambridge and Kendrick, 2009). However, the phosphorus dynamics in carbonate
sediments are very different compared to terrigenous sediments due to the binding
ability of phosphate ions to the carbonate matrix (Jensen et al., 1998). Deposition of
seagrass tissue and other organic material on the sediment surface is regenerated as
dissolved phosphate and is rapidly taken up by seagrass roots or sorption of carbonate
grains. Short et al. (1990) found that a consistent daily sorption rate of 86% of
phosphorus in pore water is removed by carbonate sediments.
The capacity of carbonate sediments to absorb phosphate is related to the composition
of grain size in the sediment (Erftemeijer and Middelburg, 1993). Course-grained
carbonate sediments can maintain relatively high porewater phosphate concentration as
a result of its limited absorption capacity (Erftemeijer and Middelburg, 1993).
However, fine-grained carbonate sediments, such as those found at Jervoise Bay
(Paling et al., 2007), are known to absorb phosphorus (Erftemeijer and Middelburg,
1993), and act as a sink for phosphorus resulting in the seagrass bed being phosphorus
limited. The sediment phosphorus content in each treatment is approximately twice the
content of nitrogen. Treatments that features existing vegetation displayed the largest
proportion of sprigs that had new root growth and a larger average number of new roots
per sprig. More than half of the sprigs in the Halophila treatment displayed new root
growth with an average of 4.65 (± 2.62) new roots. Additionally, the Halophila
treatment featured the longest average roots of 11.96 cm (± 6.07 cm). However, the
large standard errors suggest that the results varied considerably. Furthermore, it can be
suggested that greater below-ground biomass can afford to support the improved
survival rate of sprigs in vegetated treatments. The larger surface area provided by
more and longer roots may improve the sorption rate of phosphorus and nitrogen before
carbonate grains are able to.
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4.2  Bateman Bay
4.2.1   Summary
Only a few studies have been conducted in this area on seagrass distribution, diversity
(Fitzpatrick and Penrose, 2002 & van Keulen and Langdon, 2011) and climate impacts
threatening seagrass (van Keulen, 2018). This is the first study that examines seagrass
rehabilitation in the area. All treatments featured a decline in sprig survival after five
weeks, however a more dramatic decline occurred after seven weeks. The initial
number of shoots per sprig permitted between two and five shoots, varied between
treatments shown by the large error bars. The average number of shoots in all treatment
displayed consistent values and variance for the first five weeks. The Posidonia and
Bare Sand treatments displayed a slight decrease in the number of shoots in week seven
while the Halophila treatment showed a slight increase, even though more sprigs were
missing. Meanwhile, the average number of leaves increased in all treatments as time
went on. P. coriacea was observed to usually only feature one mature leaf per shoot.
Within only five weeks, sprigs in each treatment must have grow new leaves per shoots
to account for this increase even though shoot numbers were declining.
The sediments in Bateman Bay are also high in calcium carbonate contributing to the
high sorption of phosphorus in each treatment. Nitrogen did not differ between all
treatments. Phosphorus content in the sediment in the Posidonia treatment was slightly
higher than that in the other treatment. Half of the sprigs in the Posidonia treatment
featured new root growth, greater mean number of roots per sprig and the longest
average roots. This may be linked to the limited phosphorus content and the need for
sprigs to expand to find available nutrients. The rhizome length between treatments
differed as a result of the difficulty in extracting seagrass fragments from the donor
meadow.
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4.2.2   Sprig survival
After seven weeks, the majority of sprigs had survived. The proportion of sprigs that
survived in each treatment were within only 2 % of each other. This may suggest that
survival of orthotropic sprigs of P. coriacea are not influenced by the treatment they
are transplanted into. However, strong conclusions cannot be made for a number of
reasons. The delay in transplanting allowed the transplants to miss out on some strong
northerly winds and a severe storm event in May (BoM, 2020). Carnarvon recorded
wind gusts of 98 km / hr at a north north-easterly (NNE) direction, with consistently
strong winds throughout the day (56 km / hr NNE at 9 am then 67 km / hr NNE at 3
pm) (BoM, 2020). Additionally, many dugongs (Dugong dugon) that frequently feed
upon Halophila spp. especially H. ovalis (Nakaoka and Aioi, 1999), occur in the
shallower areas of the reef, adjacent to Bateman Bay. The Halophila treatment may
have been influenced by feeding trails created by dugongs if transplanting occurred
earlier in the year.
No sprigs were observed to have been buried by sediment, contrasting that of the large
proportion in the Posidonia treatment in Jervoise Bay. P. coriacea and P. australis have
different growth patterns which may influence the level of protection provided. P.
coriacea have vertically growing rhizomes and roots growing in one plane which result
in patches expanding linearly along one axis (Kendrick et al., 2008). As a result of this
reduced rhizome and root network in the sediment, P. coriacea meadow may provide
less protection to sprig transplants than a P. australis meadow. However, the long
leaves of P. coriacea may provide some protection to transplants as sprig survival was
improved in this treatment. The Halophila treatment was able to provide the sediment
stability needed to reduce the proportion of risen sprigs as it recorded the least amount.
Compared to the adjacent, Bare Sand treatment that recorded the most sprigs risen.
Therefore, H. ovalis may add the necessary below-ground biomass to hold sediment
and reduce sediment movement. However, the Halophila treatment recorded the most
missing sprigs. Sprigs may have been positioned too close to the edge of the meadow or
in a patch less dense than that of the others. This may have reduced the effect H. ovalis
offers in stabilising the sediment around the sprigs.
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Each treatment experienced a dramatic increase in the number of sprigs risen between
week five and seven (Figure 17). This could have been due to a storm event that
occurred between this period that brought northerly wind gusts of 70 km / hr and large
swells (BoM, 2020), increasing the sediment movement in the Bay. Storms and water
motion are known to compromise smaller transplant units (Lord et al., 1999 & Paling et
al., 2003). The sprigs were positioned less than 0.5 m apart in each treatment, however,
in high-energy environments spacing between individual sprigs has been found not to
reduce the amount of sediment movement (Paling et al., 2003). Sprig survival was only
improved by 0.9 % when transplanted into an existing meadow of P. coriacea
compared to a meadow of H. ovalis. Even though H. ovalis is smaller in structural form
than P. coriacea, the rapid growth rate of H. ovalis makes it appealing to transplant
into, making it a viable “compressed succession” pathway

4.2.3   Structural components
The number of shoots different significantly between treatment because a range of two
and five shoots was permitted for each sprig. The slow growth rate of P. coriacea may
have contributed to no significant difference in the number of shoots over time. The
slow clonal growth and infrequent flowering of P. coriacea restricts this species to slow
meadow development (Marbà and Walker, 1999). The cost of construction of seagrass
modules increases exponentially with plant size (Marbà and Walker, 1999). P. coriacea
extend their rhizomes at a rate of approximately 0.48 +/- 0.07 mm per day, much
slower than P. australis (Campbell, 2003). The number of leaves showed a significant
increase over time and between treatment. This is surprising due to the average number
of shoots declining over time. This suggests that the rate of any loss of leaves in each
treatment was less than that of new leaf growth.
The carbonate sediments in tropical coastal waters are able to trap phosphorus
efficiently by the strong adsorption of dissolved inorganic phosphorus onto the calcium
carbonate particles (Short et al., 1990 & McGlathery et al., 1994 & Jensen et al., 1998).
As the sediments in Bateman Bay have a high calcium carbonate content, this explains
the large average total phosphorus content (mg/g) and supports that seagrass beds are
usually considered phosphorus limited (Fourqurean et al., 1992). The significant
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differences of average total phosphorus found between the Posidonia treatment with
Halophila and bare sand treatment (Figure 17) could be due to a larger amount of
organic material decomposing within the Posidonia treatment (Erftemeijer and
Middelburg, 1993). Additionally, the ability of P. coriacea meadows to bind the
surrounding sediment, reduce the velocity of water over its canopy and prevent
sediment from being eroded, releasing the nutrients they have absorbed. The additional
protection provided by the Posidonia treatment may have resulted in a greater
proportion of sprigs with new roots, larger average number of shoots per sprig and
longest average roots. The Posidonia treatment in Jervoise Bay also displayed the
greatest new root abundance and root length.

5.   Conclusion
In Jervoise Bay, sprigs of P. australis fared better over time when transplanted into the
Posidonia treatment as it provides additional protection through its strake-like leaves
and extensive root and rhizome mat. However, P. australis is extremely slow growing,
taking years to develop into a mature meadow. The Halophila treatment recorded only
11 % less in sprig survival. H. ovalis, is a fast growing, taking only weeks to months to
create a mature meadow in optimal conditions. Therefore, it may be reasonable to
utilise H. ovalis as a “compressed succession” pathway to improve the survival of
Posidonia australis along the Western Australian coastline. Future studies should build
on the knowledge gained from this study by quantifying the density of colonising
species required to achieve a greater sprig survival than sprigs in an existing meadows
of persistent species. Additionally, as H. ovalis is most abundant during the summer
months commencing transplanting in November or December could improve the
survival rate of Posidonia sprigs. H. ovalis can recover from damages caused by the
transplanting process and begin to grow over the rhizomes of the sprigs to provide
greater stability. This additional time in calmer ocean conditions may allow Posidonia
sprigs to have greater root growth before the first winter storms occur, improving
survival. The sprigs in this experiment experienced multiple winter storms during the
145 days since transplanting, therefore this method is applicable in high energy
environments.
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In Bateman Bay, sprig survival of P. coriacea was fairly similar in all treatments,
however fared best in the Posidonia treatment. The similar survival rate between the
Posidonia and Halophila treatment, suggests that the fast growth rate of H. ovalis to
spread and colonise bare sand should also be utilised as a pathway to compress
succession. Compared to 21 weeks in Jervoise Bay, seven weeks was not long enough
to provide a strong conclusion on the performance of the treatments to improving the
survival rate of P. coriacea sprig transplants in a high energy environment. Cardabia
Passage allows large swells to enter into Bateman Bay during the winter months,
having a greater impact on the sediment movement in shallower areas of the bay.
Additionally, P. coriacea has vertically growing rhizomes and roots that naturally
occur roughly 50 cm in the sediment. This aids in their ability to colonise areas where
the substrate is highly mobile. Without significantly influencing the healthy seagrasses
within each treatment, a hole of this depth was not possible. Shallow holes at a depth of
roughly 5-10 cm and the length of the seagrass transplants (10 - 15 cm) were carefully
excavated by hand and shovel. Therefore, the depth at which the sprigs were
transplanted may be a possible factor influencing the survival of the P. coriacea sprigs
in Bateman Bay. Future studies in the area should be conducted during summer months
when H. ovalis meadows are at their healthiest and densest enabling them to provide
more stability around the sprigs, therefore allowing sprigs to adapt better to their new
environment before winter storms occur. Additionally, from initial observations in
Jervoise Bay, when H. ovalis grew over surviving sprigs, sprigs either remained under
the sediment for the entre study period or prolonged the time the sprigs were below the
sediment.
H. ovalis occurs in tropical and temperate waters, co-existing with many other
persistent species, therefore being applicable in many regions around the world.
However, it should be noted that other regions may not have large H. ovalis meadows,
like those found in Jervoise Bay and Bateman Bay, and so a preliminary study should
be conducted to understand when H. ovalis is at its healthiest in that area before
rehabilitation efforts are commenced. This study displays that the survival rate of
climax seagrass sprigs can be improved by planting into a meadow of H. ovalis and
should be used to rehabilitate or restore seagrass meadows around Australia. Overall,
these results support the idea that existing seagrass meadows can provide protection for
transplants, improving their survival.
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