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EXECUTIVE SUMMARY
The Adelaide metropolitan seagrass rehabilitation program commenced with an international
workshop in 2002, and has investigated a range of rehabilitation techniques since. The major
focus over the last decade has been using hessian sand bags to facilitate natural recruitment
of Amphibolis, and this has resulted in several small patches of rehabilitated seagrass that are
now approaching ten years old, and which have similar structure and ecosystem function to
adjacent natural seagrass meadows.
The majority of the work conducted to date has focused on extremely small experimental
scales, with most individual deployments only consisting of ten hessian bags. To investigate
the potential for scaling up rehabilitation using this technique, we report here on two 1 hectare
scale trials, each involving 1000 bags deployed in June 2014. Initial recruitment onto these
bags was lower than onto bags deployed in small-scale trials in winter of previous years, but
after 20 months, stem densities were within the range of what was found 20 months after
previous small-scale deployments. A similar pattern was found with stem lengths.
Continued monitoring of bags deployed in small-scale experiments between 2007 and 2013
showed that bags deployed during winter continued to support densities of Amphibolis similar
to those found in adjacent natural meadows, but that stem lengths could reach up to double
those found in the natural meadow. Early deployments that had started to coalesce into larger
patches in 2013 have continued to do this, and have formed several larger patches where the
locations of individual bags can no longer be distinguished. Interestingly, there was a major
increase in stem densities on some deployments at the final survey in February 2016, with
some patches having stem densities up to ten times those found naturally. While this was
accompanied by a small decline in average stem length, this decline was not sufficient to
suggest that this result was due to a major influx of new recruits in the winter of 2015.
In an attempt to extend the applicability of the hessian bag technique to seagrasses other than
Amphibolis, trials were also conducted with Posidonia. Due to the different life-history strategy
and morphology of the two genera, Posidonia had to be planted into the bags as seedlings by
divers, as they do not naturally recruit to them. Seedlings planted in 2012 survived and grew
well over the subsequent four years, and have produced multiple shoots. Seedlings planted
in 2013 have performed less well, possibly because they were held in aquaria for 2 months
prior to planting out. Bags filled with a mix of sand and clay performed better than those with
sand only, and the addition of organic matter had no effect on seedlings. Seedlings from
larger seeds (> 13 mm) had better survival than those from smaller, and the number of
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surviving seedlings did not depend on the number initially planted, suggesting densitydependent survival of individual seedlings.
Overall, sand filled hessian bags deployed at small-scales during winter are an effective
means for rehabilitating patches of Amphibolis with minimal intervention, provided that there
is a nearby source of recruits. The larger scale trials still need to be monitored for a few more
years to ascertain their success, but while initial recruitment to them was disappointing, the
results at 20 months are more promising, and in line with results for small-scale experiments
at 20 months which then went on to establish patches that have so far lasted for up to ten
years. These older small-scale patches now appear to be functioning the same as nearby
natural meadows.

The key issue that needs to be resolved before any large-scale

rehabilitation becomes operational is the best way to handle bags prior to deployment to
ensure they retain their integrity. Early large-scale deployments should then be used to
investigate the role of factors such as bag layout and density on establishment success. For
Posidonia, early trials are promising, but the method is much more labour intensive, and so
may only be applicable at smaller scales.
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1. INTRODUCTION
1.1.

Background

Since 1949, there has been a total loss of some 6,200 ha of seagrass from the Adelaide
metropolitan coast. The majority of this loss (5,200 ha) occurred between 1949 and 2002,
and was documented through in situ sampling and the analysis of aerial photography
(Neverauskas 1987a, Shepherd et al. 1989, Hart 1997, Cameron 1999). A net loss of a further
1800 ha was documented in 2007 (Cameron 2008), with a net gain of ~800 ha then occurring
up to 2013 (Hart 2013). Much of this loss has occurred in shallow waters, up to ~7 m depth,
with seagrasses receding seaward, rather than the pattern frequently documented elsewhere
of losses due to eutrophication commencing in deep water and proceeding shoreward
(Westphalen et al. 2005). Some of this loss has also occurred within the seagrass meadows,
associated particularly with sewage sludge discharges in the 1970s and 1980s (Neverauskas
1987b, Shepherd et al. 1989, Bryars and Neverauskas 2004), and more recently, meadow
fragmentation is occurring in the shallower remaining seagrasses in more wave exposed areas
(Seddon 2002, Fotheringham 2008). The primary causes of loss are generally considered to
be the overgrowth of seagrass by epiphytic algae that thrived as a result of anthropogenic
nutrient inputs, and to a lesser extent, turbidity associated with stormwater runoff (Fox et al.
2007).
In response to these losses, and efforts by both SA Water and the Adelaide and Mount Lofty
Ranges Natural Resources Management Board to substantially decrease anthropogenic
nutrient and sediment inputs, the South Australian Research and Development Institute
(SARDI) and the Coast and Marine Branch of the then Department of Environment and
Heritage (DEH, now Department of Environment, Water and Natural Resources – DEWNR),
held the first Seagrass Restoration Workshop (Seddon and Murray-Jones 2002).

This

workshop brought together a range of Australian and international experts on seagrass
restoration, along with local scientists and managers, to discuss ways to approach the
development of restoration techniques suited to local conditions. Following on from this, the
first phase of what has become a long-term program of research on seagrass rehabilitation
was initiated. A further two workshops were held in 2008 (Murray-Jones 2008) and 2013
(Murray-Jones 2013) to review progress, benchmark activities against work being done
elsewhere in Australia, and keep stakeholders informed of progress.
Initial efforts focused on adapting techniques used elsewhere, namely transplantation and the
laboratory production of seedlings (Seddon et al. 2004, 2005), however, success was limited.
Observations made during these trials, however, suggested that the use of hessian to facilitate
3

Tanner, J. and Theil, M. (2016)

Seagrass Rehabilitation

natural recruitment of Amphibolis seedlings may be a feasible approach to rehabilitation
(Seddon 2004). While the work documented here focuses primarily on A. antarctica, a small
amount of A. griffithii also occurs along the Adelaide coast, and no distinction was made
between recruits of the two species. Subsequent work trialed a range of different deployment
options for hessian in 2004, and suggested that a double-layered hessian bag consisting of a
standard hessian sack surrounded by a coarse-weave hessian mesh and filled with around
20 kg of sand resulted in the highest recruitment rates (Wear et al. 2006, 2010). This doublelayered bag, along with standard hessian bags, have formed the basis for all subsequent work,
which has been aimed at refining the methodology, and understanding factors that may lead
to spatial and temporal variation in success.
As the initial studies on hessian bags were only done at two sites and in a single year (Wear
et al. 2006, 2010), it was important to examine spatial and temporal variability in recruitment
in more detail. Bags were deployed at 12 sites in 2005, with an order of magnitude variability
in recruitment between sites (3-122 seedlings per bag), and a 50-80% lower recruitment than
in 2004 at the two repeat sites (Collings et al. 2007). While initial recruitment was strongly
related to the density of nearby Amphibolis, this relationship broke down after 10 months,
following 80-100% mortality. The structural longevity of the bags deployed in 2005 appeared
to be considerably less than that of those deployed in 2004, leading to increased seedling
mortality.
An initial trial of a 1 hectare rehabilitation plot was undertaken in 2006, with 1000 bags
deployed in a 100 x 100 m area (Bryars 2008, Collings 2008). Initial recruitment was low (012 seedlings per bag 4 months after deployment), although average seedling densities then
changed little until they increased the following year with a new wave of recruits. This plot
extended 100 m shorewards of the existing seagrass edge, and there were no differences in
recruitment success with distance from the edge.
An issue with all trials conducted up to 2006 was uncertainty around when was the best time
of year to deploy bags in order to maximise recruitment of Amphibolis. Anecdotal evidence
suggested late winter/early spring.

In 2007, a concerted effort to identify the timing of

reproduction and recruitment commenced, with bimonthly deployments of bags and collection
of adult plants at four sites along the Adelaide coast (Brighton, Grange – the main study site
over time, Semaphore and Largs Bay). Deployments covered the periods November 2007 to
October 2009 and January 2011 to March 2013 (Irving 2009b, c, Delpin 2014, Tanner 2015).
These studies showed May to August to be the best period for bag deployment to maximize
recruitment success, and showed that Amphibolis structural characteristics (stem density and
length) were similar to those in natural meadows 5 years after bag deployment. Interannual
4
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variation in recruitment was present, but only explained 15.5% of the variation in recruitment,
compared to 81.1% for month of deployment. Whilst previous studies had pointed towards
double-layered bags being the best for recruitment, analysis of the long-term data (Tanner
2015) showed no difference between double-layer and single-layer bags.
As well as examining temporal variation in recruitment, Irving (2009c) examined the
consequences of using different fill types (sand vs sand and 20 mm quartzite aggregate), and
layouts (single bags vs clustered). Neither factor was found to influence recruitment.
One of the issues experienced throughout the program has been the rapid deterioration of
some batches of bags. To address this, a series of trials were undertaken with Flinders
University to develop coatings that would increase the durability of the hessian (Irving 2009b,
c, Delpin 2014, Paterson et al. 2016). While these trials showed some promising results with
respect to decreased bacterial loading on some treated bags (Paterson et al. 2016), and
increased recruitment on these bags both initially and after 12 months (Delpin 2014), the
logistics and costs associated with treating bags meant that this approach was not pursued
further.
Not only do the bags provide a mechanism for the successful facilitation of Amphibolis
recruitment, but the resultant Amphibolis patches appear to be providing a similar ecosystem
function to natural seagrasses. Epifaunal richness and abundance reached that present in
natural seagrasses 1 year after Amphibolis recruitment, although assemblage structure took
3 years, the same time as seagrass structure took to recover (McSkimming et al. 2016).
Infaunal assemblages recovered within 2 years (McSkimming 2015).

Anecdotally, both

Zostera and Posidonia seagrasses have been observed to recruit into patches of restored
Amphibolis, and larger fauna such as syngnathids also utilize the restored habitat.
To date, the bags have been used three times in South Australia outside the Adelaide
metropolitan region, although they have also been adapted for use in Western Australia.
DEWNR deployed a set of bags at Beachport, but due to poor visibility were never able to
relocate them, and it is presumed that they failed (Fotheringham pers. com.). The second SA
trial was in Yankalilla Bay, south of Adelaide, where recruitment to bags ranged from 0-107
(mean 14), although there was no long-term follow-up of survival (Irving 2009a). Finally, the
bags have also been used at American River on Kangaroo Island, where they were
unsuccessful, apparently due to the lack of nearby Amphibolis to provide a source of recruits
(McArdle pers. com.). Following initial success in Adelaide, John Statton (University of WA),
has used sand-filled hessian bags (termed grow-bags) to transplant Posidonia australis
seedlings in Cockburn Sound (Oceanica Consulting Pty. Ltd. 2011). He found good survival
in his first trial, with 100% of bags still supporting seedlings the following summer, however,
5
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subsequent trials were hampered by rapid deterioration of the hessian used, which broke
down in 2-3 months compared to ~9 months in the first trial.
A list of all reports and papers that have resulted from the program (and associated projects)
is provided in Table 1.1, with site details presented in Table 1.2 and Figure 1.1.

Table 1.1: List of publications arising from the seagrass rehabilitation program and directly associated projects
since inception.

SARDI Reports
Seddon, S., D. Miller, S. Venema, and J. E. Tanner. 2004. Seagrass rehabilitation in Metropolitan Adelaide I.
Transplantation from donor beds. SARDI Aquatic Sciences, Adelaide.
Seddon, S., R. J. Wear, S. Venema, and D. J. Miller. 2005. Seagrass rehabilitation in Adelaide metropolitan coastal waters
II. Development of donor bed independent methods using Posidonia seedlings. SARDI Aquatic Sciences, Adelaide.
Wear, R. J., J. E. Tanner, and S. Venema. 2006. Seagrass rehabilitation in Adelaide metropolitan coastal waters III.
Development of recruitment facilitation methodologies. Prepared for the Coastal Protection Branch, Department of
Environment and Heritage. SARDI Aquatic Sciences Publication No. 04/0038-3. SARDI Aquatic Sciences, Adelaide.
Collings, G., S. Venema, R. J. Wear, and J. E. Tanner. 2007. Seagrass rehabilitation in metropolitan Adelaide IV.
Geographic and interannual variability of recruitment facilitation. Prepared for the Coastal Protection Branch, Department
for Environment and Heritage. SARDI Aquatic Sciences Publication No. F2007/000268-1. SARDI Aquatic Sciences,
Adelaide.
Collings, G. 2008. Seagrass rehabilitation in Adelaide metropolitan coastal waters V. Large scale recruitment trial. Prepared
for the Coastal Management Branch, Department for Environment and Heritage. SARDI Publication No. F2008/000077.
SARDI Aquatic Sciences, Adelaide.
Bryars, S. 2008. Restoration of coastal seagrass ecosystems: Amphibolis antarctica in Gulf St Vincent, South Australia.
South Australian Research and Development Institute (Aquatic Sciences), Adelaide.
Irving, A. 2009a. Reproduction, recruitment, and growth of the seagrass Amphibolis antarctica near the Bungala and
Yankalilla rivers, South Australia. Final report prepared for the Coastal Management Branch of the Department for
Environment & Heritage SA and the Adelaide & Mount Lofty Ranges Natural Resources Management Board. SARDI
Publication Number F2009/000468-1. South Australian Research and Development Institute (Aquatic Sciences), Adelaide.
Irving, A. D. 2009b. Reproduction and recruitment ecology of the seagrass Amphibolis antarctica along the Adelaide
coastline: Improving chances of successful seagrass rehabilitation. Final report prepared for the Coastal Management
Branch of the Department for Environment & Heritage SA and the Adelaide & Mount Lofty Ranges Natural Resources
Management Board. SARDI Publication No. F2009/000496-1. SARDI Aquatic Sciences, Adelaide.
Irving, A. D. 2009c. Seagrass rehabilitation in Adelaide's coastal waters VI. Refining techniques for the rehabilitation of
Amphibolis spp. Final report prepared for the Coastal Management Branch of the Department for Environment and Heritage
SA. SARDI Publication No. F2009/000210-1. SARDI Aquatic Sciences, Adelaide.
Other reports
Delpin, M. W. 2014. Enhancing seagrass restoration: Improving hessian durability in marine environments. Final report to
industry partners. ARC Linkage Grant LP0989354. Flinders University, Adelaide.
Seagrass Restoration Workshop Proceedings
Seddon, S., and S. Murray-Jones. 2002. Proceedings of the seagrass restoration workshop for Gulf St Vincent 15-16 May
2001. Department for Environment and Heritage and South Australian Research and Development Institute, Adelaide.
Murray-Jones, S. 2008. Proceedings of the second seagrass restoration workshop. Adelaide. April 2008. Department for
Environment and Heritage, Adelaide.
Murray-Jones, S. 2013. Proceedings of the Third Seagrass Restoration Workshop. Adelaide. March 2013. Department for
Environment, Water and Natural Resources, Adelaide.
Theses
Dobrovolskis, A.F. 2014. Reproduction in seagrasses and its potential implications for seagrass rehabilitation in Gulf St
Vincent. Honours thesis, The University of Adelaide, Adelaide.
McSkimming, C. 2015. Stability and recovery of coastal ecosystems to local and global resource enhancement. PhD thesis,
The University of Adelaide, Adelaide.
Papers
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Seddon, S. 2004. Going with the flow: Facilitating seagrass rehabilitation. Ecological Management & Restoration 5:167176.
Irving, A. D., J. E. Tanner, S. Seddon, D. Miller, G. J. Collings, R. J. Wear, S. L. Hoare, and M. J. Theil. 2010. Testing
alternate ecological approaches to seagrass rehabilitation: links to life-history traits. Journal of Applied Ecology 47:11191127.
Wear, R. J., J. E. Tanner, and S. L. Hoare. 2010. Facilitating recruitment of Amphibolis as a novel approach to seagrass
rehabilitation in hydrodynamically active waters. Marine and Freshwater Research 61:1123-1133
Irving, A. D., J. E. Tanner, and G. J. Collings. 2014. Rehabilitating Seagrass by Facilitating Recruitment: Improving Chances
for Success. Restoration Ecology 22:134-141.
Tanner, J. E., A. D. Irving, M. Fernandes, D. Fotheringham, A. McArdle, and S. Murray-Jones. 2014. Seagrass rehabilitation
off metropolitan Adelaide: a case study of loss, action, failure and success. Ecological Management & Restoration 15:168179.
Tanner, J. E. 2015. Restoration of the Seagrass Amphibolis antarctica - Temporal Variability and Long-Term Success.
Estuaries and Coasts 38:668-678.
McSkimming, C., S. D. Connell, B. D. Russell, and J. E. Tanner. 2016. Habitat restoration: Early signs and extent of faunal
recovery relative to seagrass recovery. Estuarine Coastal & Shelf Science 171:51-57.
Paterson, J. S., S. Ogden, R. J. Smith, M. W. Delpin, J. G. Mitchell, and J. S. Quinton. 2016. Surface modification of an
organic hessian substrate leads to shifts in bacterial biofilm community composition and abundance. Journal of
Biotechnology 219:90-97.

Table 1.2: Details of locations of all study sites used for seagrass rehabilitation off the Adelaide metropolitan coast.
Mapped in Figure 1.1.

Study

Site

Year

Seddon et al. 2004

Henley Beach
West Beach
Multimethod 1
Multimethod 2
Seacliff 8 m
Brighton 12m
Brighton 10m
Brighton 8m
Henley 12m
Henley 10m
Henley 8m
Grange 12m
Grange 10m
Grange 8m
Semaphore 8m
Largs Bay 8m
Lg-scale
Grange
Brighton
Grange
Semaphore 8m
Largs Bay 8m
Grange
Grange
2014 Lg scale 1
2014 Lg scale 2

Feb/Mar 2003
Feb/Mar 2003
Sep 2004
Sep 2004
Sep 2005
Sep 2005
Sep 2005
Sep 2005
Sep 2005
Sep 2005
Sep 2005
Sep 2005
Sep 2005
Sep 2005
Sep 2005
Sep 2005
Aug 2006
2009
Sep 2007
2007-2008
Sep 2007
Sep 2007
2008-2013
2007-2013
June 2014
June 2014

Wear et al. 2006
Collings et al. 2006

Collings et al. 2008
Irving 2009b
Irving 2009c

Delpin 2014
Tanner 2015
This study

Latitude

7

-34.9154
-34.9581
-34.9005
-34.8723
-35.0309
-35.0286
-35.027
-35.023
-34.9072
-34.9091
-34.9093
-34.8999
-34.9004
-34.9008
-34.8713
-34.8324
-34.9042
-34.904
-35.023
-34.904
-34.8713
-34.8326
-34.904
-34.904
-34.8987
-34.8701

Longitude

Map Name

138.4789
138.4887
138.4676
138.4633
138.501
138.4892
138.4945
138.5022
138.4331
138.4625
138.4674
138.4292
138.4376
138.4675
138.4579
138.4472
138.4708
138.4708
138.5022
138.4708
138.4579
138.4473
138.4708
138.4708
138.4708
138.4650

T'plant HB
T'plant WB
Multi 1
Multi 2
Sea 8m
Bri 12m
Bri 10m
Bri 8m
Hen 12m
Hen 10m
Hen 8m
Gr 12m
Gr 10m
Gr 8m
Sem 8m
Lar 8m
Lg 2006
Grange
Bri
Grange
Sem 8m
Lar 8m
Grange
Grange
Lg1 2014
Lg2 2014
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Figure 1.1: Map of all sites used for seagrass rehabilitation research off the Adelaide metropolitan coast between
2003 and 2014. Details of each site are presented in Table 1.2.

8

Tanner, J. and Theil, M. (2016)

1.2.

Seagrass Rehabilitation

Objectives

This report details experiments undertaken on seagrass rehabilitation off Adelaide’s
metropolitan coast between June 2014 and February 2016, as well as longer-term results from
some of the earlier studies documented above.

In particular, we look at three main

components:


The outcomes of two 1 hectare plots established in June 2014;



Extension of the hessian bag technique to Posidonia seagrass;



Analysis of longer-term data collected from earlier deployments, extending the analysis
presented in Tanner (2015).
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2. LARGE-SCALE TRIAL
Apart from a single 1 ha trial established in 2006, the research on seagrass rehabilitation off
Adelaide to date has all been at very small scales. As the deployments have all been
experimental in nature, most have consisted of 5-10 bags, with the second largest being 100
bags. All of these smaller deployments involved divers precisely positioning bags in close
proximity to each other, and within ~50 m of the edge of a natural Amphibolis bed, so as to
both maximize chances of success and facilitate future monitoring. However, this approach
would be logistically difficult for larger-scale operational rehabilitation, and negates one of the
major strengths of the hessian bag method, which is the ability to deploy the bags over the
side of a vessel and leave them where they fall without any diver intervention or associated
costs. The 2006 1 ha trial deployed 1000 bags off the back of the RV Ngerin in a 100 x 100
m area to determine if this method of deployment produced similar results to those found in
the smaller-scale diver deployments. Recruitment to these bags was relatively low, with only
1.35 recruits per bag after 4 months (Collings 2008), compared to densities up to 319 recruits
per bag reported by Tanner (2015) for nearby small-scale deployments. However, the large
scale deployment occurred at the end of August, based on the understanding at the time that
recruitment was likely to peak in spring (Collings 2008). Following more detailed study or
recruitment patterns throughout multiple years, we now know that recruitment peaks in winter,
and can decline substantially by the end of August (Tanner 2015). There can also be
substantial annual variability, although no small-scale experimental deployments were made
in 2006 to determine whether it was a good or poor year for recruitment.
Following further detailed work between 2006 and 2014 on Amphibolis recruitment, it was
considered timely to undertake additional 1 ha scale trials in 2014 to assess the feasibility of
scaling up the hessian bag method to an operational scale.

2.1.

Methods

Two trial sites were selected on the basis of aerial photography available from Google Earth,
and the known distribution of Amphibolis along the Adelaide coast (Bryars 2008). Sites were
predominantly bare sand immediately inshore of the current seagrass line, and in relatively
close proximity to the main small-scale experimental site, maximising the likelihood that
environmental conditions were suitable for seagrass rehabilitation. As in the previous study,
sites were 100 x 100 m, and 1000 bags were deployed at each site. While the 2006 study
utilized the double bags, Tanner (2015) showed that over the longer-term, these did not
provide any advantages to single bags. Consequently, as single bags are an off-the-shelf
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item, whereas double bags needed to be specially made, the former were utilised for this
study. As per normal, bags were filled with 20 kg of clean silica-based builders sand. At each
site, 100 bags were tipped off the back of the RV Ngerin on 2 and 3 June 2014 as it steamed
along each of ten north-south transect lines spaced 10 m apart. Subsequent inspection by
divers showed that this produced distinct lines of bags, with some clumping along each line.
Most bags landed flat, although some landed on their side.
Recruitment to these bags was first surveyed in January/February 2015, when three east-west
transects were established through each plot, and 16 bags on each transect pegged with two
tagged stainless steel pegs to allow future re-identification. Monitoring of these bags followed
standard protocols, with the number of seedlings/stems being counted, and the length of three
haphazardly selected seedlings/stems being measured, with repeat surveys being conducted
at roughly 6 monthly intervals (30/1-17/2/15, 28/8/15, 9/2/16). While on the first census, each
stem was clearly an individual seedling, by the final census, some seedlings may have had
multiple stems, although it was not possible to determine this without causing undue
disturbance. Hereafter, we use the term stem to include individual seedlings.
Data on stem counts were analysed using multivariate repeated measures analysis of
variance in SPSS (ver 22), with plot and transect nested within plot as random factors,
distance from the offshore edge of the plot as a covariate, and census date as the repeated
measure. A similar approach was taken with stem length, except that as there were multiple
measurements per bag at each census, bag was nested within transect, and as stems to
measure were haphazardly chosen at each census, census was an orthogonal factor rather
than a repeated measure (i.e. the analysis was a standard nested ANOVA).

2.2.

Results

The number of stems present on individual bags varied with time, with this variation being
idiosyncratic between transects (rmANOVA: F8,178=4.7, P<0.001). As can be seen in Figure
2.1, most of this variation occurred within plot 1, while plot 2 showed little change between
transects or over time. Overall, there were 6.2 (± 0.4 se) stems per bag at the first census 89 months after deployment, increasing to 7.2 (± 0.9) and 9.2 (± 0.8) after an additional 6 and
12 months, respectively. Initial recruitment (after 8 months) was low compared to that found
on small-scale winter deployments in previous years, and similar to that found on summer
deployments (Fig 2.2a). After 20 months, however, stem abundances were similar to those
found after 20 months on bags deployed in the winter of 2011, although still lower than those
found on bags deployed in the winters of 2008 and 2009 (Fig 2.2b). There was no effect of
11
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distance from the edge of the plot on stem abundances (rmANOVA: F1,89=0.16, P,0.69, Figure
2.3).
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Figure 2.1: Mean Amphibolis stem abundances on bags at 8 to 20 months after deployment in June 2014 in two
1 hectare scale seagrass rehabilitation plots. Plot 1 is the average of transects A-C, and plot 2 of D-F.

Stem length varied between bags and transects differently between censuses, although did
not vary between plots (Table 2.1). For the most part, length increased over time, with some
exceptions (Figure 2.4). Eight months after deployment, mean stem length was 12 ± 0.3 cm,
which was relatively low compared to previous small-scale deployments (Figure 2.5a). After
20 months, stem length had increased to 16.1 ± 0.5 cm, and was starting to catch up to what
was found in previous small-scale deployments (Figure 2.5b).
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Figure 2.2: Amphibolis stem abundances on bags a) in January/February of the year following deployment (top)
and b) in January/February of the subsequent year (bottom). Red bar indicates results from the current large-scale
trial.
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Figure 2.3: Influence of distance from the offshore margin of the plot on Amphibolis stem abundance 8 to 20
months after deployment in June 2014 in two 1 hectare scale seagrass rehabilitation plots.
Table 2.1: ANOVA table for Amphibolis stem length in two 1 hectare rehabilitation trials.

Term
Census
Plot
Transect(Plot)
Bag(Transect(Plot))
Census * Plot
Census * Transect(Plot)
Census * Bag(Transect(Plot))
Residual

df
2
1
4
90
2
8
176
524

MS
1134
1713
27.5
69.6
340
127
45.8

F
3.33
7.10
0.18
1.53
2.69
2.80
1.51

P
0.23
0.24
0.94
0.0009
0.13
0.006
<0.001
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Figure 2.4: Mean Amphibolis stem length on bags at 8 to 20 months after deployment in June 2014 in two 1 hectare
scale seagrass rehabilitation plots. Plot 1 is the average of transects A-C, and plot 2 of D-F.
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Figure 2.5: Amphibolis stem lengths on bags a) in January/February of the year following deployment (top) and b)
in January/February of the subsequent year (bottom). Red bar indicates results from the current large-scale trial.

2.3.

Discussion

While initially the results from the trials reported here appeared disappointing, with much lower
recruitment after 8 months than typically found on bags deployed at the same time of year in
previous small-scale trials, after a further 12 months, this difference had declined substantially.
Importantly, the number of stems generally increased over time, indicating that even low levels
of initial recruitment may lead to success in the longer term. Stem lengths were also shorter
after 8 months than stems of the same age on bags deployed in previous years, except for
2011, although again, this difference declined after an additional 12 months.
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It can be seen in Section 3 that establishment of seagrasses using the hessian bag technique
is a long-term prospect, with it taking 5 or more years for patches to reach natural stem
densities even in the small-scale trials where bag densities were on the order of 1 m-2, rather
than 0.1 m-2 as used in these trials. Based on the results of the small-scale trials, it is
anticipated that small patches of Amphibolis with natural stem densities will establish over the
next 2-3 years, but it may take a further 10-15 years for these patches to start coalescing to
form a continuous meadow. It is thus important to continue annual monitoring of these sites
to determine if they follow the same patterns for 5+ years as seen with the small-scale
deployments.
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3. LONG-TERM AMPHIBOLIS TRIALS
3.1.

Introduction

As documented in Section 1, a range of primarily small-scale seagrass rehabilitation trials
have been conducted off the Adelaide coast since 2003 (Table 1.1). For the most part, these
trials were short-term, only lasting a year or so. The exception to this is that Tanner (2015)
reported on a series of trials conducted between November 2007 and November 2012 that
were monitored regularly until January 2013. During this time, 24 separate deployments were
undertaken, generally bimonthly, but with some interruptions. A mix of single- and doublelayered bags were used, but apart from that, all bags were identical. In January 2013, bags
deployed in August 2009 had similar stem densities to natural meadows (15.2 ± 1.4 (se) versus
18.6 ± 2.5). Bags deployed in May 2008 and August 2011 had 12.8 ± 2.3 and 13.2 ± 2.2
stems, respectively. Furthermore, stem length on older bags was greater than in natural
meadows (42.1 ± 4.2 after 62 months versus 30.2 ± 1.5 cm). Whilst there was some betweenyear variation in recruitment success, the strongest predictor of success was deployment
month. Bags deployed outside the winter recruitment season did not retain the ability to catch
a large number of recruits. While earlier work showed higher initial recruitment onto doublelayered bags than single-layered (Wear et al. 2010), this difference was less noticeable after
24 months (Irving et al. 2014), and the longer-term analysis showed no difference between
the two bag types (Tanner 2015).
Here, we extend the data set analysed by Tanner (2015) by a further 3 years (to January
2016). We also present longer-term results for work initially reported by Irving (2009c) (see
also Irving et al. (2010)), looking at the role that the type of fill used in the bags plays, and
whether grouping bags influences their success.

3.2.

Methods

Hessian bags were deployed off the Adelaide coast at a site off Grange (35o1’S, 138o18’E) in
~8 m water depth (Grange on Figure 1.1). The site was located just inshore of an extensive
Amphibolis antarctica meadow, in an area known to have previously been covered in seagrass
(Westphalen et al. 2005). Bags were deployed ~ bimonthly from November 2007 to October
2009, and then again from January 2011 to March 2013. Deployments in 2007 and 2008
consisted of 10 double-layered bags, consisting of a fine-weave hessian bag filled with ~25 kg
of clean builders sand surrounded in a coarse weave of hessian, as described in Wear et al.
(2010). Deployments from 2009-2013 consisted of 5 double-layered bags, and 5 single bags
without the coarse outer weave. On each deployment, bags were laid out by divers in a double
row ~0.5-1 m apart. Single and double bags were haphazardly ordered when both were
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deployed. All bags were located within 10-50 m of the natural meadow, in an area ~100 m
long with no naturally occurring seagrass.
At each bimonthly deployment, all bags up to 12 months old from previous deployments were
completely censused in situ by divers for the number of Amphibolis stems.

In

January/February 2009, 2010, 2011, 2012, 2013, 2015 and 2016, all bags were censused,
irrespective of age. Stems on younger bags generally equated to individual seedlings, while
on older bags, individual plants may have consisted of multiple stems, but as these could not
be distinguished without uprooting the plants, only stems were counted. At each census, three
haphazardly selected stems from each bag were also measured to determine total length.
During the 2013 survey, seagrass patches arising from some of the deployments in 2008 had
coalesced, and it was no longer possible to count the number of stems associated with
individual bags (which had long since degraded). This issue extended to bags from later
deployments in 2015 and 2016. In this situation, a 25 cm x 25 cm quadrat was haphazardly
located in the plot ten times and used to calculate stem densities, which were then scaled to
the area of a bag (0.3496 m2) for analysis.
Due to the complexity of this data set, it is presented here in four sections, according to
deployment year. The bags deployed in November 2007 are grouped with those deployed in
2008, those deployed in 2009 and 2011 form two further groups, and those deployed in 2012
and 2013 are grouped together. The analysis presented here focuses on presenting patterns
over time, and complements the detailed statistical modeling presented in Tanner (2015).
Fill type
Testing the effect of the type of filling within the hessian bag on recruitment was done at two
sites (Brighton and Grange) using bags either filled with sand (clean, coarse builders sand) or
a mixture of sand and rubble (20 mm quartzite aggregate) (~ 23 – 24 kg per bag). Bags
deployed at the Grange site were surveyed annually in January/February up to 2016, as
described above. No further data beyond that described by Irving (2009c) and Irving et al.
(2010) have been collected at Brighton, and hence this site is not considered further. Nine
bags of each type of filling were deployed on 5 September 2007. Detailed statistical analysis
of earlier results are presented in Irving (2009c) and Irving et al. (2010), and so only a
descriptive update is provided here.
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Layout
To test whether the layout of recruitment units influences Amphibolis recruitment, hessian
bags were arranged either as a standard single isolated bag (n = 9 replicates), as a ‘stack’ of
bags that provided some vertical relief, or as a group of ‘flat’ bags with the same vertical relief
as a standard isolated bag (n = 5 replicates of stacked and flat treatments). Stacked units
were constructed by building a base of four individual hessian bags side-by-side to form a 2 ×
2 grid, and then placing a fifth bag on the top and centre of the base (i.e. adding vertical relief).
Flat units were constructed using the same four-bag base, but then placing the fifth bag at one
edge to create recruitment units with relatively low vertical relief but with approximately the
same surface area for recruitment as stacked units. All bags were deployed at Grange on the
5 September 2007, and surveyed as described above. Again, earlier results in Irving (2009c)
and Irving et al. (2010) include detailed statistical analysis, and so only a descriptive update
is provided here.

3.3.

Results

2007/08
Bags deployed on or before August 2008 experienced a peak in recruitment in July-October
of that year, before experiencing a steep decline in numbers (Figure 3.1a). Bags deployed in
September and November experienced peak recruitment the following August, with August
2008 bags also showing a secondary peak that year. Again, following this peak, numbers
declined substantially, and remained generally low until 2016, when the stem abundance on
all groups of bags increased, some markedly. For most of this time, stem abundances were
below those found in the adjacent natural meadow in January 2013, although the May
deployment just exceeded this value in February 2015. Stem lengths consistently increased
through the study period, with stems reaching natural lengths on the November 2007 bags by
January 2012, and most other deployments reaching this point by the following year (Figure
3.1b). The maximum average stem length recorded was almost double that found in the
adjacent natural meadow. Steep declines in stem length seen in early 2009 are correlated
with an influx of new recruits.
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Figure 3.1: Mean a) stem abundance (top) and b) stem length (bottom) of Amphibolis on bags deployed in 2007/08.
Legend indicates date of deployment. Horizontal red dashed line indicates mean values from the adjacent natural
meadow in January 2013.
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2009
The patterns seen with the 2009 deployments were broadly similar to those described above
for 2007/08 (Figure 3.2). However, there was no secondary peak in 2010 for any deployment.
The May and August deployments also exceeded natural stem densities much earlier in their
life, before declining to natural densities in January 2016.
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Figure 3.2: Mean a) stem abundance (top) and b) stem length (bottom) of Amphibolis on bags deployed in 2009.
Legend indicates date of deployment. Horizontal red dashed line indicates mean values from the adjacent natural
meadow in January 2013.
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2011
Again, the 2011 deployments show broadly the same patterns as previous years (Figure 3.3).
The increase in stem density in January 2016 that was obvious in some of the 2007/08
deployments, but less obvious in 2009 deployments, is again present.
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Figure 3.3: Mean a) stem abundance (top) and b) stem length (bottom) of Amphibolis on bags deployed in 2011.
Legend indicates date of deployment. Horizontal red dashed line indicates mean values from the adjacent natural
meadow in January 2013.
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2012/13
All but the January and March deployments from 2012 show a second recruitment peak in

Stem abundance per bag

March-May of 2013, with other responses being consistent with previous years (Figure 3.4).
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Figure 3.4: Mean a) stem abundance (top) and b) stem length (bottom) of Amphibolis on bags deployed in 2012/13.
Legend indicates date of deployment. Horizontal red dashed line indicates mean values from the adjacent natural
meadow in January 2013.
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Fill type
Stem densities have varied around natural densities over the 9 year study, except that as seen
with some of the deployments described above, there was a large increase in February 2016
(Figure 3.5a). Apart from this final survey, when densities on bags filled with sand were double
those on bags filled with rubble, there were no differences between fill types. Average stem
length exceeded that in the adjacent natural meadow after around 6 years, and continued to
increase until 2015 before declining slightly in 2016 (Figure 3.5b). For the most part, there
were no differences between fill types, although stems on sand filled bags were 22% longer
than those on rubble filled bags in February 2016.
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Figure 3.5: Mean a) stem abundance (top) and b) stem length (bottom) of Amphibolis on bags filled with sand
versus those filled with rubble. Horizontal red dashed line indicates mean values from the adjacent natural meadow
in January 2013.
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Layout
After an initial peak in recruitment in July of the year following deployment, there were clear
differences between the single bags, which had high stem densities, and both sets of grouped
bags, which had very low stem densities up until the final survey in February 2016 (Figure
3.6a). Again, we see a large increase in stem densities at this final survey, especially for the
single bags. Stem length follows the same pattern as described for the fill type experiment,
with stems on single bags being 16-28% longer than on the grouped bags at the end of the
study (Figure 3.6b).
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Figure 3.6: Mean a) stem abundance (top) and b) stem length (bottom) of Amphibolis on bags laid out in different
arrangements. Horizontal red dashed line indicates mean values from the adjacent natural meadow in January
2013.

25

Tanner, J. and Theil, M. (2016)

3.4.

Seagrass Rehabilitation

Discussion

While bags deployed over winter invariably attracted large numbers of Amphibolis recruits,
early monitoring showing steep declines in stem densities over the following 12-24 months led
to initial concerns that the hessian bag method for facilitating recruitment was a failure in terms
of long-term seagrass rehabilitation. However, over the longer term, the few stems that
survived were able to establish themselves and form the nucleus of new patches, which have
since expanded. For older deployments, it is now difficult if not impossible to determine where
individual bags were located, as the seagrasses have coalesced between bags both within
and between deployments (see Figure 3.7 and video:
https://site.emrprojectsummaries.org/2011/10/26/seagrass-restoration-off-the-adelaidecoast-via-facilitating-natural-recruitment/). It is only over a period of 6-8 years that we see
stem densities reach those of natural meadows over the area of an entire bag, although
smaller patches within a bag can reach natural densities within 3 years (McSkimming et al.
2016). These results indicate how important long-term research and monitoring can be in
ecosystem rehabilitation, as it would have been easy to terminate the use of this method after
1-2 years on the basis of an apparent lack of success.

Figure 3.7: Newly deployed bags (top left, note mix of single and double-layered bags), 3 months after deployment
showing good initial recruitment of Amphibolis seedlings (top middle), 1 year after deployment (top right), 5 years
after deployment (bottom left) and 7 years after deployment (bottom right – showing coalescence of seagrass
between bags).

Stem lengths took 4-6 years to reach those in the adjacent natural meadow, although then
continued to increase, and could reach double the natural length. However, some degree of
caution should be given to this comparison.
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determined by harvesting all stems in a series of haphazardly deployed quadrats, and then
measuring them in the laboratory. This estimate should thus be unbiased. Stem densities on
the bags, however, were determined by a diver haphazardly selecting 3 stems on each bag
and measuring them in situ, in order to avoid damage to the plot. There is thus a potential for
bias if the divers subconsciously selected long (or short) stems. However, McSkimming et al.
(2016) harvested all stems within small cores in 3 and 5 year old plots, and found them to
have a mean stem length only slightly less than the natural meadow, suggesting that 4-6 years
is a reliable estimate for how long it takes Amphibolis to grow to natural lengths.

As well as stem density and length, a range of other seagrass structural characteristics, and
faunal use of seagrass habitat, have been assessed on the rehabilitation plots. Above-ground
biomass, leaf cluster density, and epiphyte biomass all returned to natural levels within 3 years
of bag deployment, while epifaunal abundance and species richness recovered within 1 year,
although community composition took 3 years (McSkimming et al. 2016). Recovery of belowground biomass took slightly longer than above-ground (4-6 years), and sediment composition
also became similar to that in natural meadows over this time frame (McSkimming 2015). It
thus appears that the full structure and ecosystem function of a natural Amphibolis meadow
is restored within 4-6 years after recruitment facilitation using hessian bags.

The cause of the substantial increase in stem densities seen on some deployments in
February 2016 is unknown. Small corresponding declines in average stem length suggest
that there may have been an element of new recruitment contributing to this increase, but if it
was primarily new recruits, then stem lengths would be expected to have declined much more
than what was seen. The affected deployments are of varying ages, and scattered throughout
the site. As well as these high densities, there were other less obvious substantial increases
from <1 stem bag-1 to 10-20 stems bag-1. These later increases may be at least in part due to
lateral expansion of adjacent more successful deployments, and should not be interpreted as
the original deployment suddenly coming good after 5-8 years. That Amphibolis can extend
outside the area of the initial bag is promising for larger-scale rehabilitation, as it means that
individual bags, or small groups of bags, can form a nucleus for colonisation of the surrounding
area.
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4. POSIDONIA
Except for the initial studies on transplantation and use of seedlings for rehabilitation (2004,
Seddon et al. 2005), all of the work on seagrass rehabilitation off the Adelaide coast has
focused on Amphibolis, as this is the only genus with a life history strategy that suits the use
of hessian bags for recruitment facilitation. While Amphibolis has experienced major declines
in the last 50 years, and appears to be the most sensitive genus to reductions in water quality,
there have also been major declines in Posidonia (Bryars 2008, Bryars et al. 2011). It is thus
of interest to determine if the hessian bag method of rehabilitation can be adapted for use with
Posidonia. Oceanica Consulting Pty. Ltd. (2011) has undertaken some initial trials with P.
australis in WA, with good short-term success in the first, but problems with hessian quality in
subsequent trials, and only short-term (< 1 year) monitoring. As this genus reproduces via the
production of fruits in which seeds germinate just prior to release from the parent plant, and
the resultant seedlings lack any apparatus that would promote entanglement in hessian, fruits
were collected and dehisced in the laboratory prior to being manually planted by divers into
bags on the seafloor.

4.1.

Methods

An initial experiment planting Posidonia seedlings into hessian bags was conducted in January
2012, at the main small-scale rehabilitation site used for Amphibolis experiments. Fruits of
Posidonia angustifolia were harvested directly from the parent plants by divers on 21
December 2011 offshore from Brighton in ~9 m water depth. At this time, fruits had started to
wash up onto the adjacent beaches, suggesting that they were ready, and many harvested
fruits released from the parent plants with only the slightest touch. Fruits were returned to the
laboratory at SARDI West Beach, where they were maintained in mesh bags (mesh size < 1
mm) in flow through seawater until they had dehisced and were ready for planting. Every 2-3
days, these bags were sorted to remove dehisced fruits and seedlings, with the former
discarded and the latter transferred to new bags. At the same time, all bags of seedlings were
resorted to remove any dead material, and any amphipods that may have grazed the
seedlings. Remaining seedlings were planted into bags on the seafloor on 13 January 2012.
This experiment focused on examining the effect of different substrate mixes on Posidonia
seedling growth and survival, with bags being filled with different mixes of sand and clay. The
ratios of sand:clay used were 30:70 (n=9), 50:50 (n=9), 70:30 (n=8) and 100:0 (n=5). The last
is the same as has been used for the majority of the Amphibolis trials. A total of 300 g of dried
chopped Posidonia seagrass was mixed into each bag to provide a source of organic matter.
All other aspects of the bags and how they were deployed, were the same as for the
Amphibolis trials in section 3. A diver haphazardly selected 10 seedlings from the pool for
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each bag, and manually planted them into the bag in a roughly uniform arrangement,
maintaining a 10 cm unplanted border around the edge of the bag. The weave of the bag was
gently teased apart to create a small planting hole, the seedling inserted so that the leaf shoot
projected from the bag, and then the weave teased back together to hold the seedling in place.
Bags were surveyed approximately every 2 months until May 2013, and then 6-monthly until
February 2016. For the first 3 surveys, only the number of surviving seedlings on each bag
were counted. Subsequently, the number of leaves on each seedling, and maximum leaf
length, were also measured. Once individual seedlings started to produce multiple shoots,
shoots were counted as it was not possible to determine which shoots belonged to the same
plant without causing excessive disturbance. By February 2015, sediment depth over the
bags was sufficient that it was sometimes difficult to allocate leaves to individual shoots, and
hence only leaves were counted.
A second set of experiments were established in February 2013. Fruits were again collected
from P. angustifolia off Brighton by divers, this time on 6 December 2012, and maintained as
per the previous experiment until planting out on 8 February 2013. Four different experiments
were established in 2013. The first replicated the 2012 experiment, with 10 bags per treatment
(9 for the 70:30 mix). The second examined the influence of different levels of organic matter
in the sand mix, with 0, 300, 600 or 900 g of dried chopped Posidonia per bag. Experiment 3
looked at the influence of seed size, with seeds being <10 mm, 10-13 mm or >13 mm. The
final experiment examined planting density, with either 5, 10 or 16 seedlings per bag. Apart
from the parameter of interest, all other details for each experiment were as per the 2012
experiment. Bags were surveyed on 19/3/2013 and 29/5/2013, then 20/2/2015, 28/8/2015 &
12/2/2016.
Data on seedling and leaf number for individual surveys in each experiment were analysed
using generalized linear models (GLM) using a log link-function in R (ver 3.3.0). Length data
were analysed using analysis of variance (AOV), with individual bag nested within the main
factor.

4.2.

Results

2012 Experiment
The number of seedlings present generally declined over time, although for the 50:50
sand:clay mix, this trend reversed after ~1 year (Figure 4.1a). The seedling count for this fill
type declined substantially in August 2015, but in January 2016 it was not possible to
distinguish individual seedlings, and instead only leaf counts were made (Figure 4.1b). These
counts showed a major recovery for all fill types except for 100% sand at the final survey.
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Seedling counts differed significantly between treatments in August 2015 (GLM: 23,27=16.9,
P=0.0008), with post-hoc tests indicating that the 50:50 mix had significantly fewer seedlings
than all other mixes. This is the direct opposite to what was found in February 2015, when
the 50:50 mix bags had the highest number of seedlings (GLM: 23,27=24.5, P<0.0001).
Leaf counts consistently increased through the study, except for declines in the winter of 2014,
and especially 2016 (Figure 4.1b). As with seedling counts, leaf counts in February 2015 were
highest on 50:50 bags, but were the lowest on these bags in August 2015. By February 2016,
they again had the highest leaf counts (GLM: 23,27=293, P<0.0001), with post-hoc tests
showing 50:50>30:70>70:30>100:0.
Leaf length increased up to February 2015, and then declined slightly (Figure 4.1c). There
were no differences between treatments at the final census (GLM: F3,22=0.84, P=0.49).
2013 Experiments
Fill type
There was a consistent decline in seedling abundance over time, with no clear differences
between fill types (Figure 4.2a). At the final census, there were no differences between fill
types (GLM: 23,30=1.92, P=0.58). Leaf abundance reached a minimum in August 2014 (18
months after deployment), and then increased to the final census (Figure 4.2b). At the final
census, the 30:70 (sand:clay) mix had the highest leaf abundance, with the other 3 treatments
being equal (GLM: 23,35=695, P<0.001). Leaf length increased over time (Figure 4.2c), with
no differences between treatments (ANOVA: F3,20=2.43, P=0.09).
Organic matter addition
There was again a consistent decline in seedling abundance over time, with no differences
between fill types (Figure 4.3a). At the final census, there were no differences between fill
types (GLM: 23,28=3.46, P=0.33). Leaf abundance again reached a minimum in August 2014,
and then increased to the final census (Figure 4.3b), when there were no differences between
treatments (GLM: 23,31=5.75, P=0.12). Leaf length increased over time, although declined
slightly at the final census (Figure 4.3c), with no differences between treatments (ANOVA:
F3,20=0.84, P=0.49).
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Figure 4.1: Influence of fill type on a) survival (top), b) number of leaves (middle) and c) leaf length (bottom) of
Posidonia seedlings planted into hessian bags with different proportions of sand:clay (legend) in 2012.
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Figure 4.2: Influence of fill type on a) survival (top), b) number of leaves (middle) and c) leaf length (bottom) of
Posidonia seedlings planted into hessian bags with different proportions of sand:clay (legend) in 2013.
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Figure 4.3: Influence of organic matter addition on a) survival (top), b) number of leaves (middle) and c) leaf length
(bottom) of Posidonia seedlings planted into hessian bags with different amounts of dried chopped Posidonia leaf
matter added in 2013. Legend indicates amount of organic matter added in grams.
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Seed size
There was again a consistent decline in seedling abundance over time (Figure 4.4a), and while
large seeds (>13 mm long) appeared to show better survival in the final 2 years of the study,
there were no significant differences at the final census (GLM: 22,25=5.29, P=0.071). Leaf
abundance again reached a minimum in August 2014, and then increased to the final census
(Figure 4.4b), when large seeds produced three times as many leaves as smaller seeds (GLM:
22,26=90, P<0.001). Leaf length increased over time, although declined slightly at the final
census (Figure 4.4c), with no differences between treatments (ANOVA: F2,13=1.00, P=0.39).
Seedling planting density
While there were initially greater numbers of seedlings on bags which were planted with
greater numbers, this difference disappeared within a year (Figure 4.5a), and there were no
differences at the final census (GLM: 22,21=1.15, P=0.56). Leaf abundance showed the same
pattern, and was consistently low throughout the final two years of the study (Figure 4.5b).
There were no differences in leaf abundance at the final census (GLM: 22,23=0.98, P=0.61).
Leaf length increased over time, although varied little over the final year (Figure 4.5c), with no
differences between treatments (ANOVA: F2,10=0.16, P=0.85).
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Figure 4.4: Influence of seed size on a) survival (top), b) number of leaves (middle) and c) leaf length (bottom) of
Posidonia seedlings planted into hessian bags in 2013. Legend indicates seed size in mm.
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Figure 4.5: Influence of seedling planting density on a) survival (top), b) number of leaves (middle) and c) leaf
length (bottom) of Posidonia seedlings planted into hessian bags in 2013. Legend indicates number of seedlings
sown into each bag.

36

Tanner, J. and Theil, M. (2016)

4.3.

Seagrass Rehabilitation

Discussion

Overall, in the 2012 experiment, there was a clear trend of the 50:50 sand:clay mix providing
the best substrate in terms of both seedling and leaf abundance. The one exception to this
was in the winter of 2015, when all treatments experienced substantial declines in abundance,
with the 50:50 treatment showing the greatest decline. By the following summer, however,
leaf abundance had recovered and was at the highest level documented in the study (see
Figure 4.6). Winter 2015 appears to have had very poor conditions for seagrasses, although
the recovery indicates that the Posidonia had sufficient resources stored below-ground to get
through this poor period. Unfortunately, we do not have any data from the adjacent Amphibolis
restoration plots, or nearby natural meadows, at this time for comparison. These results aren’t
repeated in the 2013 experiment, where leaf abundance was highest in the 30:70 mix. Given
this mix was the second best substrate in 2012, it seems evident that substrate mixes with a
high proportion of clay out-perform those with a high proportion of sand, and should be actively
considered for any future work involving Posidonia. Another aspect of substrate type worth
considering is the use of silica-based builders sand, as used here, versus calcareous marine
sediments more typical of what seagrasses naturally grow on.

Figure 4.6: Example of Posidonia rehabilitation at time of planting (left - January 2012), after 2 years (middle February 2014) and 4 years (right - February 2016).

The addition of organic matter to the substrate had no detectable influence on growth or
survival of Posidonia. As this genus actively takes up nutrients through its root system. The
levels used correspond to 1.5%, 3% and 4.5% organic matter in the sediment. Posidonia
along the Adelaide coast has previously been found to consist of ~37.5% carbon by dry weight
(SARDI, unpublished data), so these values correspond to 0.56%, 1.12% and 1.79 % carbon.
The sediment organic carbon content in restored Amphibolis, natural Amphibolis and bare
sediments adjacent to the rehabilitation site is all < 0.1% (McSkimming 2015), so the lack of
a response is not related to unrealistically low levels of organic matter addition. It may be,
however, that other sources of organic matter are more readily utilised by seagrasses, as
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seagrass material is known to take a long time to degrade. Oceanica Consulting Pty. Ltd.
(2011) reported better growth of tank grown P. australis in sediments with 1.5% dried seagrass
after 7 months, although only in unsorted carbonate and silica sediments, and not in sorted
silica. They did not follow these seedlings any further, or look at responses in the field.
Addition of inorganic nutrients via Osmocote fertilizer did not affect seedling growth in these
trials, but did increase the proportion of shoot biomass compared to root. However, the study
was terminated at 4 months, before all the seed nutrient reserves were utilised. It is thus still
unclear if Posidonia seedlings benefit from the addition of nutrients/organic matter to the bags.
Large seeds clearly produced a better outcome than smaller seeds, with 3 times as many
leaves produced by seeds > 13 mm after 3 years than by seeds < 13 mm. This result is likely
due to the greater reserves that larger seeds have, giving the seedling a head-start over those
from smaller seeds, although under this scenario you would expect to see the greatest
advantage early in the seedlings life, whereas we only found an advantage once the seedling
was more than 1 year old. Out of a haphazardly selected group of 100 seeds, only 10% were
> 13 mm, so if this value is to be used as a cut-off for future work, ten times as many seeds
as required would need to be collected. If seeds 12 mm and greater are used, then ~60% will
be retained.
Initial seedling density had no long-term influence on bag success rate, although the more
seedlings planted, the more were present in the short-term. However, as the same number
of seedlings were present after 3 years regardless of the initial planting density, there was an
inverse relationship between initial density and individual seedling survival. As the most time
consuming component of restoring Posidonia using this method is the planting of each
individual seedling by divers, this suggests that the most cost-effective approach is to use
fewer seedlings per bag rather than more.
The 2013 experiments produced poorer seedling survival than the 2012 experiment. Apart
from natural environmental variation between years, a clear difference was the length of time
seedlings were held in aquaria (23 days in 2012 versus 64 in 2013). During this time,
seedlings were kept shaded and grouped together in mesh bags, which is unlikely to be ideal
for their maintenance. Future work should seek to minimise this holding time to ensure that
seedlings are in the best condition possible when planted.
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5. GENERAL DISCUSSION
At a small scale, the hessian bag method is clearly successful for rehabilitating Amphibolis in
areas where seagrass has been lost and the sediments have become mobile. The success
of larger-scale deployments is not yet clear. While initial recruitment was very low compared
to initial recruitment on small-scale deployments in previous years, the survival of those
recruits over 20 months has been promising. Ongoing surveys of these plots will be required
to determine if they follow the same pattern of increasing stem density as seen for the smallerscale winter deployments documented in Section 3, as these results indicate that even in those
trials, rehabilitation is at least a 5 year process.
There are three main differences between the 1 hectare trials and the smaller-scale trials that
may contribute to the difference in recruitment seen. Firstly, it could be a timing issue, with
2014 being a poor year for recruitment compared to the years when small-scale deployments
were made. Second, it could be a spatial issue, with the larger plots being in areas where
there is a poor supply of recruits compared to the small-scale site. Thirdly, it might be a bag
density issue, with the high density of bags in a small area affecting water flow in such a way
as to promote recruitment, and the low density of bags in the larger plots not having the same
affect. To help tease these issues apart, a series of small-scale deployments at each of the
two 1 hectare sites, and the small-scale site, will be established in July 2016.
To operationalise rehabilitation of Amphibolis at larger scales along the Adelaide coast
requires several key remaining questions to be addressed. Firstly, what locations are suitable
for rehabilitation?

SA Water have been developing an integrated hydrodynamic and

biogeochemical model of the Adelaide coastal waters with a seagrass model linked to it to
predict where seagrass habitat might occur under a range of management scenarios,
especially those related to different nutrient discharge levels. This model could be used to
assess where physical environmental conditions are suitable for seagrass to grow. In addition
to environmental suitability, there also needs to be a supply of recruits. It is not known if
Amphibolis recruits are available throughout the area of seagrass loss, or if they are only
available in close proximity to remaining Amphibolis beds. It would thus make sense to
undertake rehabilitation activities spreading out, and down-current, from these existing
Amphibolis beds, to ensure a nearby source of recruits. The data in Figure 2.3, and Irving et
al. (2010) show that over relatively short distances (i.e. 100 m), distance from a nearby bed
makes no difference to recruitment, and given the passively drifting nature of Amphibolis
propagules, this is likely to hold for distances up to at least a few kilometers.
A second important issue is how to distribute the bags spatially. In the large-scale trials
reported here, we deployed 1000 bags per hectare, with the aim to have these approximately
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uniformly distributed throughout each plot. What actually happened due to the practicalities
of bag deployment was that bags were laid out along 100 m long lines ~10 m apart. In scaling
up, attempts should be made to determine if these two patterns produce different results or
not. Other arrangements may include crossed lines (i.e lines running north-south crossed by
east-west lines), and checkerboard (patches of high density alternating with patches of no
bags). Bag density will also be important, at least in determining recovery time – the higher
the bag density, the faster recovery is likely to be, as seagrasses will be able to spread from
more nuclei within a plot and thus coalesce earlier.
It will also be important to examine how bag handling prior to deployment affects success.
This will be particularly important for any large-scale rehabilitation program, which may require
the deployment of hundreds of thousands of bags a year. There is anecdotal evidence that
the hessian can rapidly deteriorate between filling and deployment under some conditions,
specifically when bags are stacked on a pallet, wrapped in plastic pallet wrap to stabilise them,
and stored in a confined space for a few weeks. The deployment of large numbers of bags in
a short period of time may well require filling bags well in advance, and the above conditions
would probably be the default conditions under which to store these bags. It thus needs to be
determined if alternative storage conditions, or filling the bags with kiln-dried sand, alleviate
the issue with deterioration, or if bags need to be filled on a just-in-time basis.
Using the hessian bag method for large-scale Posidonia rehabilitation is currently problematic
from two perspectives. First, the technique does not seem as amenable to simply dropping
the bags off the side of the vessel and leaving them, as can be done for Amphibolis. While
trials of seeding prior to deployment have not yet been conducted, bags with seedlings preplanted would need much more careful handling than unplanted bags, and are likely to lose at
least some seedlings on the way to the bottom. An alternative approach may be to include
undehisced fruits when filling the bags, although the rotting pericarp may lead to loss of the
seedling, and fruits that don’t end up close to the upper surface of the bag may not germinate
successfully.

Either way, large-scale collection of fruits would be required from natural

meadows just prior to Christmas, with deployment of bags early in January.
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