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ABSTRACT

Seagrass (Zostera muelleri Irmisch ex. Aschers) was historically
prolific in Whangarei Harbour, New Zealand, but has since
declined. Over two years we compared the survival of midintertidal zone transplants (18 × 0.25 m2 plots) from a remnant
meadow to a former site using three methods: (1) intact ‘sods’, (2)
unanchored ‘sprigs’ and (3) sprigs amongst ‘mats’ of artificial
plants. Before and after transplant, we quantified plant cover in all
plots, and in transects across the wider intertidal zone. We also
measured plant biomass, irradiance and water quality at each site.
We found that sods and sprigs were equally effective with plant
cover increased from <1 to 63%, but mats were ultimately not
successful. Cover across the wider transplant site increased from
10% to 46% (biomass from 58 to 321 g m−2). Donor plots
regenerated within 9 months. This study shows that Z. muelleri
can be rehabilitated by transplant upon reinstatement of suitable
growing conditions at former sites.
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Introduction
The loss of seagrass meadows from shallow coastal waters impacted by anthropogenic
activities is an issue of global concern (Orth et al. 2006; Walker et al. 2006; Waycott
et al. 2009). Occupying sheltered coastal waters, often in estuaries, seagrass meadows
perform a variety of vital ecological functions (see Hemminga & Duarte 2000; Orth
et al. 2006). Worldwide, there have been numerous efforts to facilitate the rehabilitation
of seagrass meadows to sites where they were formally present (Paling et al. 2009;
Cunha et al. 2012). Transplanting intact vegetative specimens (either cultivated or
extracted from a donor site) is a commonly used approach to establish seagrass at
former sites or at new sites to offset losses associated with permit-linked activities
(Fonseca et al. 1998; Calumpong & Fonseca 2001; Christensen et al. 2004).
Globally, seagrass transplants as a long-term rehabilitation or mitigation method has
had limited success (Campbell 2002; Orth et al. 2006; van Katwijk et al. 2009; Cunha
et al. 2012; van Katwijk et al. 2016). Recent reviews suggest that median planting unit
and trial survival rates are only c. 15% and c. 37%, respectively (Cunha et al. 2012; van
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Katwijk et al. 2016). Extensive trials with Zostera marina and Z. noltii in the Wadden Sea
have mostly proved unsuccessful in the longer term; only a small number of transplants
have persisted and/or spread (van Katwijk et al. 2009). For Zostera muelleri, most trials
have taken place on Australia’s east coast and only a small proportion of these transplants
have survived in the longer term (i.e. >12 months) (York & Smith 2013). In New Zealand,
a trial to transplant Z. muelleri to a former site in Manukau Harbour in 1993 using 1 m2
square sods, 0.013 m2 round plugs and anchored sprigs was ultimately unsuccessful, with
plant loss occurring after six months following onset of autumn storms (Turner 1995).
Critical to the success of transplant projects are site selection and careful planting
(Fonseca et al. 1998; Short et al. 2002). If transplanting to a former site, consideration
must be given to the factor/s that caused the prior plant loss and how the site continues
to be affected by these factors (Fonseca et al. 1998; van Katwijk et al. 2009; van Katwijk
et al. 2016). In particular, care should be taken to ensure that the transplant site has sufficient light to support plant growth (Short et al. 2002). Transplanting to a site with no
history of prior seagrass occupation requires careful matching of donor and transplant
site characteristics (Fonseca et al. 1998).
Seagrasses are typically transplanted in one of two basic forms; bare-rooted (as
anchored or unanchored sprigs, shoots or rhizomes) or sediment-intact (as sods, cores
or plugs) (Ganassin & Gibbs 2008). Sheltering or sediment stabilising devices (e.g.
mesh, artificial seagrass mats) can also be used to protect transplants from disturbance
as they establish (Campbell & Paling 2003; van Keulen et al. 2003). In general, sediment-intact transplant is the preferred method as the root and rhizome system remains
relatively intact (Phillips 1990; Fonseca et al. 1998) and they also provide a reservoir of
the original rooting medium. In areas with high water motion larger planting units are
considered more likely to survive than smaller ones because they provide greater anchorage and less rhizome disturbance (Paling et al. 2001). Bare-rooted transplants are most
likely to succeed in areas with fine sands, moderate water movement and good light availability (Davis & Short 1997; Orth et al. 1999; Paling et al. 2007).
Another important facet of transplant studies is monitoring the outcome for both
transplant and donor sites over a sufficient time scale (Fonseca et al. 1998). In many
cases only short-term monitoring (i.e. <12 months) has been performed (Cunha et al.
2012; York & Smith 2013). Moreover, only a small percentage of transplant studies
have documented recovery of donor sites (e.g. Fonseca et al. 1998, Verduin et al. 2012)
and recovery data for Zostera are particularly scarce. However, the general expectation
is that Zostera species will recolonise small extracted patches (i.e. <0.25 m2) quickly due
to their high rates of growth and seed production (Fonseca et al. 1998; Duarte et al. 2006).
From 1968 to 1971, Whangarei Harbour, a large estuary (102 km2) in northern New
Zealand, suffered an extensive loss of seagrass (Z. muelleri). Aerial photographs from
1942, 1966 and 1968 indicated c. 10–14 km2 of seagrass but from 1971 very little was
recorded in the harbour (Reed et al. 2004). The loss has been attributed to a combination
of factors, in particular deteriorated water clarity due to urban and industrial discharges,
and smothering with dredge spoil from shipping channel maintenance and port development activities (Whangarei Harbour Study 1983; Reed et al. 2004). In 1999, small pockets
of seagrass were recorded at some sites in the harbour. A subsequent feasibility assessment
concluded that water clarity and sediment properties were sufficiently comparable among
remnant and former sites to justify an attempt at rehabilitation (Reed et al. 2005). The
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present trial was thus established to: (1) test the potential for seagrass to be transplanted
from a remnant site (hereafter ‘donor’ site) to a former site (hereafter ‘transplant’ site); (2)
test the relative efficacy of several different transplant methods; (3) document the recovery
trajectory of the donor site following plant extraction; and (4) quantify plant responses at
various spatial scales (plot, transect and site).
Our experimental design sought to test the following scale-specific hypotheses: (1) at
plot scale, that (a) transplant survival and growth is enhanced using a sediment-intact
method; and (b) using mats of artificial seagrass enhances sprig survival and growth;
(2) at transect scale, that changes to plant abundance are most evident (at least initially)
in closest proximity to the mid-intertidal transplant zone; and (3) at site scale, that light
climate and water quality at donor and transplant sites is comparable.
For this study we selected plant cover as our primary metric to quantify plant response.
We selected plant cover in preference to biomass because it is non-destructive and thus
suitable for repeated measurements through time. Typically, it is highly correlated with
plant above-ground biomass (Heidelbaugh and Nelson 1996; Lyons et al. 2015) and
thus also indirectly with below-ground biomass (Duarte & Chiscano 1999).

Methodology
Site description
The donor site (One Tree Point West, 35 49 34.675°S, 174 26 33.293°E) and the transplant
site (Takahiwai, 35 49 23.389°S, 174 25 15.964°E) were located on the southern shoreline
of Whangarei Harbour (Figure 1). The sediment at both sites was predominantly sand
with low organic matter (>97% sand, <3% silt, <0.3% OM; Reed et al. 2005). Average
high tide water depths and estimated mean and maximum current speeds at the two
sites were similar (donor: 1.3–1.8 m, 0.07 and 0.23 m s−1, transplant: 1.4–1.7 m, 0.06
and 0.24 m s−1; Reeve et al. 2009).
Site layout
In mid-autumn (April 2008), at low tide, three 100 m transects consisting of five points
were laid out perpendicular to the shore at each site. The central point on each transect
corresponded approximately to the mid-tide seawater level. Transects were 50 m apart
and the distance between transect points was 25 m. Six groups of four square plots
(0.5 m × 0.5 m) were positioned at equidistant intervals in the two areas lying between
the central points of the three transects (i.e. the mid-intertidal zone, Figure 2). Each
group had a central marker and plots were positioned at equidistant intervals around
the marker. Within each group, plots were randomly assigned to one of the following categories: control, mat, sod or sprig.
Pre-transplant measurements
Plant cover was quantified at each transect point and plot at both sites. A plastic quadrat
frame (0.5 m × 0.5 m) was overlain on each plot or placed alongside each transect point,
and a digital photograph taken. In addition, at each transect point a core (8 cm diameter,
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Figure 1. Map showing the location of donor (D) and transplant (T) sites in Whangarei Harbour, New
Zealand.

10 cm depth) was collected for plant biomass. A seawater sample was collected in a clean
2 L bottle. The water sample and cores were stored chilled. A submersible logger (Onset
Hobo UA-002-08) was installed (horizontal position, just above plant level, northfacing) adjacent to each central transect point to quantify irradiance at 2-hour intervals.

Figure 2. Site plan for donor and transplant sites. Indicative only, not to scale. Transect markers (▪), plot
group markers (●), transplant/donor plots (□), control plots (C), mat plots (M), sprig plots (P) and sod
plots (S).
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Transplantation
Transplanting was carried out when plants were senescent to minimise stress. At the donor
site at low tide, the plant and sediment material in each of the plots assigned to the mat, sod
and sprig categories were carefully dug up in c. 10 cm square, 15 cm deep sods using a spade.
The sods from each plot (c. 25) were placed together in a large plastic tray and transferred to
the transplant site, where they were covered with seawater and stored overnight on shore.
The following day, for sprig and mat trays, sediment was washed from the plant material
and discarded. Intact sprigs were sown directly into the sediment by hand. Units of artificial
seagrass were anchored using strong metal pin hooks (0.5 m length, one in each corner). The
units consisted of a thin metal grid frame (50 × 50 cm, grid squares 10 cm × 10 cm) covered
with black plastic mesh (5 mm × 2 mm apertures). Artificial seagrass plants (each comprising 10 plastic leaves of 20–40 cm length and 8 mm maximum width) were attached to the
mesh (33 plants per 0.25 m2). Holes (10 cm diameter) were created in the mesh (100 per
unit) and sprigs were sown into the sediment through these holes. For sod trays, sediment
in the transplant plots was dug out to 15 cm depth and sods were inserted. At the donor site
a total of 4.5 m2 of seagrass was extracted from an area of ca. 1440 m2 (16 m wide × 90 m
length, assuming a 5 m buffer zone around plots) in the mid-tide zone. This amounted to
removal of 0.3% of the meadow in this zone.
Post-transplant measurements
All plots were left to acclimate overnight before cover photos were taken at low tide the following day. For one year, the plots and transect points at each site were monitored at low
tide every three months. The following year, monitoring took place every six months. Monitoring at each site included cover photos and replacement of irradiance loggers. Biomass
measurements were repeated at all transect points after 12 and 24 months.
Laboratory analysis
Each photo was analysed for % plant cover using image analysis software (Assess 2.0,
Ground cover module, APS, Minnesota, USA). Live plant material was extracted from
cores, separated into above- and below-ground fractions, rinsed and dried at 80°C for
48 h to determine biomass. Water samples were acclimated to room temperature (20°C)
and analysed for turbidity (Hach 2100P turbidimeter), salinity/conductivity (YSI 30 SCT
meter) and pH (Radiometer PHM 220). Water samples were filtered (Whatman GF/C)
and analysed for nitrate-nitrogen (NO3-N), ammonium-nitrogen (NH4-N) and dissolved
reactive phosphorus (DRP) using simultaneous auto-analysis (Astoria Analyser) and for
total dissolved nitrogen (TDN) and total dissolved phosphorus (TDP) by automated flow
injection analysis (Lachat 1994). Chlorophyll a content of water samples was determined
by acetone pigment extraction and spectrofluorometric measurement (APHA 1998).
Data analysis
Irradiance measurements in lux were converted to photosynthetically available radiation
(PAR, µmol m−2 s−1) according to Thimijin and Heins (1983). Average monthly
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irradiance levels were calculated using complete 24-hour records for entire months only.
No data transformations were performed prior to analysis as data sets were normally distributed with sufficient variance homogeneity. Repeated measures analysis of variance
(RMANOVA) with post-hoc Tukey HSD tests were used to identify significant changes
(P < .05) in plant cover and biomass through time, among treatments and tidal positions,
and between sites, using Statistica 64 (V10, StatSoft Inc., Oklahoma, USA). A two-way
ANOVA was used to examine differences in water quality parameters and irradiance
levels between the two sites and years (1 and 2).

Results
Survival and growth in transplanted plots
Prior to transplant seagrass cover was minimal and did not differ significantly amongst
control, mat, sod and sprig plots at the transplant site (Figure 3(a)). Transplanting
increased mean cover to 24% (±3), 38% (±3) and 28% (±3) in the mat, sod and sprig
plots, respectively (Figure 3(a), ‘0’ time point after transplant).
In the six months following transplant there was no significant change in cover in any
plot type at the transplant site. However, after nine months (in summer), the cover in the
three treatment plot types had increased significantly to 45% (±10) mat, 75% (±2) sod and
79% (±6) sprig, but cover of control plots did not change.
In the subsequent 18 months, the increase in mean cover in the sod and sprig plots was
generally retained. At the end of the trial, cover in these plots was 64% (±4) and 62% (±2),
respectively. However, over the same period, but particularly from 12 to 24 months, mat
plot cover declined to just 4% (±2). Control plot cover did not differ between trial start and
finish.

Response of wider transplant site
At trial start, seagrass cover averaged 10% (±3) with no significant tidal position differences (Figure 3(b)). An increase in cover at all tidal positions across the wider site was
detected after nine months, which coincided with cover increases in the treatment
plots. Cover increased from 5% (±2) six months after transplant to 34% (±7) after nine
months, with no tidal position differences. The increase in cover was maintained at a comparable level at all tidal positions for the duration of the trial averaging 46% (±7) after 24
months.
Biomass increased significantly between the trial start and finish (Table 1). Aboveground biomass increased six-fold (7 to 43 g m−2), mostly in the second year. Belowground biomass increased five-fold (51 to 278 g m−2). There was no significant variation
in biomass with tidal position.

Recovery of donor plots
Cover in the donor site control and treatment plots were comparable at trial outset and
averaged 58% (±2) (Figure 4(a)). After plants and sediment were extracted cover was
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Figure 3. Changes in seagrass cover at the transplant site during the trial. (a) transplant plots; (b) transect marker points. Mean values are shown with SEM bars. Letters a–d indicate significant differences
through time for each transplant treatment (i.e. control, plant, mat, sod) or for each tidal position
on transects (i.e. upper, upper-mid, mid, lower-mid, lower). Letters x–z indicate significant differences
among treatments/tidal positions at each point in time.

Table 1. Seagrass biomass across the wider donor and transplant sites prior to transplant (0 months)
and 12 and 24 months after transplant.
Above-ground biomass (g m−2)
Site
Donor
Transplant

0 months*
b

71 (±11)
7 (±2)a

12 months
a

30 (±4)
17 (±4)a

Below-ground biomass (g m−2)

24 months
a

22 (±5)
43 (±9)b

0 months*

12 months*

24 months

b

b

193 (±36)a
278 (±46)b

544 (±95)
51 (±21)a*

Note: Values are means with SEM in parentheses for transect points only.
Superscripts (a,b) indicate significant differences among sampling dates.
Asterisks (*) indicate significant differences between sites.

581 (±110)
169 (±59)a,b
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reduced (to ≤7%) in the treatment plots. After three months, cover in control plots had
declined to 30% (±2) but there was no change in cover of treatment plots.
No further change in cover was observed for any of the plots from three to six months.
However, after nine months, covers in all treatment plots had increased substantially and
were comparable to pre-extraction levels at 55% (±13), 62% (±6) and 58% (±7) for mat,
sod and sprig plots, respectively. Control plot cover had also returned to levels measured
at trial outset.
From 9 to 24 months there was no change in control plot cover. For the treatment plots,
the regenerated plant cover was generally retained or at levels similar to control plots. At

Figure 4. Changes in seagrass cover at the donor site during the trial. (a) donor plots; (b) transect
marker points. Mean values are shown with SEM bars. Letters a–d indicate significant differences
through time for each donor treatment (i.e. control, plant, mat, sod) or for each tidal position on transects (i.e. upper, upper-mid, mid, lower-mid, lower). Letters x–y indicate significant differences among
treatments/tidal positions at each point in time. Note that three donor treatments (i.e. plant, mat, sod)
were the same. Sods were extracted in all cases but processed differently for transplant. There were
insufficient data for the transect marker points nine months after transplant to enable statistical evaluation due to a neap tide preventing assessment of all plots and markers.
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trial end cover was 40% (±5), 40% (±5), 32% (±4) and 33% (±3) for control, mat, sod and
sprig plots, respectively.
Response of wider donor site
Cover ranged from 44% (±8) to 75% (±5) at trial outset with no significant differences
among tidal positions (Figure 4(b)). Cover at most tidal positions did not differ
between the outset and completion of the trial. However, in the lower tidal position
cover was lower at completion (33% ± 6 at 24 months c.f. 75% ± 5 at 0 months) but nevertheless did not differ significantly from other tidal positions at this, or any other time.
Biomass decreased between the beginning and end of the trial (Table 1). Above-ground
biomass decreased by 58% (71 to 30 g m−2) in the first 12 months. Below-ground biomass
decreased by 67% in the second year. Above-ground biomass was significantly higher in the
low tidal position compared to the upper and lower-mid tidal positions but no other
biomass differences with tidal position were detected (data by tidal position not shown).
At the end of the trial, plant biomass was similar between donor and transplant sites.
Irradiance levels and water quality
Monthly average irradiance levels at the donor site ranged from 174 µmol m−2 s−1 in July
2009 (mid-winter) to 406 µmol m−2 s−1 in January 2010 (mid-summer) (Figure 5). At the
transplant site they ranged from 147 µmol m−2 s−1 in December 2008 (early summer) to
336 µmol m−2 s−1 in March 2009 (early autumn). Over the two-year trial, monthly
average irradiance levels were higher at the donor site compared to the transplant site
(294 ± 16 c.f. 227 ± 11 µmol m−2 s−1). No change in irradiance levels was detected at
either of the two sites between Years one and two of the trial (May 2008 to April 2009,
May 2009 to April 2010). Water sampling for turbidity, salinity, conductivity, dissolved
nutrients and chlorophyll a generally revealed no differences between sites (Table 2) or
between years except for TDP which was lower at both sites in Year two (9 µg L−1) relative
to Year one (15 µg L−1).

Figure 5. Monthly average irradiance (as photosynthetically available radiation) measured at the donor
and transplant sites for the duration of the trial. Note there are no data for the donor site in December
2008 and January 2009.
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Discussion
Most effective transplant methods
All three transplant methods were equally effective initially but at the end of the trial
only sods and sprigs were successful. The poor performance of artificial seagrass
mats in this trial may be in part due to light limitation. The canopy of the mats
used in this trial attenuated c. 42% of incoming irradiance when newly constructed
(F. Matheson, unpub. data). During the trial, average irradiance at the transplant site
was 227 µmol m−2 s−1, resulting in an estimated average irradiance to plants within
the mats of 132 µmol m−2 s−1. While this exceeds the compensation point and longterm minimum irradiance requirements previously reported for this species
(25–45 µmol m−2 s−1, Clough & Attiwill 1980; Flanigan & Critchley 1996; ca.
116 µmol m−2 s−1, Longstaff 2003), it is considerably lower than the average irradiance
level measured at the donor site (294 µmol m−2 s−1). Moreover, we observed considerable
biofouling of the artificial plants during the trial. This would have reduced irradiance
further and possibly damaged transplants as heavily laden leaves were buffeted by
waves and currents. Although dislodgement or tearing of stabilising devices can have
negative impacts on transplants (van Katwijk and Hermus 2000; van Katwijk et al.
2009), in the present study, the mats did not become dislodged nor suffer any obvious
damage.
Effects associated with the mesh base of the artificial seagrass mats may also have contributed to the poor survival and growth of these transplants. It is possible that the mesh
base, despite being perforated, restricted the movement of bioturbating macrofauna and
waterborne solutes in and out of the sediment thereby enhancing sediment anoxia and
accumulation of associated phytotoxins such as sulphide.
The longer-term comparable success of sods and sprigs suggests that the addition of
donor site sediment to enhance growing conditions had no extra beneficial effect in this
instance. Our results also indicate that the additional short-term handling and disturbance
that transplants were subjected to using the sprig method and the lack of any anchoring
device did not detrimentally affect their subsequent survival and growth relative to the sod
method.

Table 2. Water quality parameter results for the donor and transplant sites during the 2-year trial.
Site
Donor
Transplant

Turbidity
(NTU)

Salinity
(ppt)

EC (mS
cm−1)

pH

NO3-N
(µg L−1)

NH4-N
(µg
L−1)

DRP
(µg
L−1)

TDN (µg
L−1)

TDP
(µg
L−1)

1.72
29.2
22.7
8.34
4
17
6
196
12
(0.30–5.49) (15.6–35.0) (4.8–46.1) (8.09–8.90) (0.5–11) (3–62) (3–8) (162–265) (6–14)
1.67
28.7
19.0
8.26
5
26
7
213
14
(0.29–4.11) (15.1–36.0) (4.7–52.1) (8.10–8.54) (0.5–12) (6–62) (2–13) (158–250) (4–17)

Note: EC, electrical conductivity; NO3-N, nitrate-nitrogen;
NH4-N, ammonium-nitrogen;
DRP, dissolved reactive phosphorus;
TDN, total dissolved nitrogen;
TDP, total dissolved phosphorus.
No significant differences between sites were detected for any of the parameters.
Values are means with range in parentheses.

Chlorophyll
a (µg L−1)
1.0
(0.5–1.9)
0.8
(0.5–1.3)
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Effect of transplants on the wider transplant site
Overall our transplanting effort added 2.6 m2 of plant cover to the 1 ha transplant site
(4.5 m2 at 58% cover). Prior to this intervention the site had 1000 m2 of plant cover
which then increased more than four-fold to 4600 m2 of seagrass after two years. This
indicates substantial growth and expansion of seagrass at this site beyond the original
transplant effort. Most of this growth and expansion took place in the mid-spring to
mid-summer period from six to nine months after transplant.
It is unclear from our results whether the transplants stimulated the rapid increase in
cover across the wider transplant site or that instead conditions within this part of the
harbour became more suited to natural seagrass growth and expansion at this particular
time. At the donor site, a similar significant and substantial increase in cover of
extracted plots was recorded in this same time period, and cover returned to pre-extraction levels. This result supports the hypothesis of a broader scale improvement in
growing conditions, as do recent observations following trial completion that seagrass
at these two sites has continued to spread (and in early 2016 has now reoccupied
c. 40% of its former range within the harbour, F. Matheson, unpub. data). During
the trial there was no concurrent increase in cover across the wider donor site but
this is probably because it was already relatively high and there was minimal infilling
capacity. At the transplant site no significant change in cover of control plots was
detected. It is surprising that control plot cover did not increase significantly in
concert with increases across the wider site. Across the wider transplant site, we detected
no significant difference in cover based on tidal position. If vegetative expansion of the
transplants was responsible for the wider site increase, higher cover might be expected
in and around the mid-tide zone where transplant effort occurred. However, it is also
conceivable that the 3-month interval between monitoring events was too long to
detect a rapid expansion event.
Donor site recovery
The rapid recovery of the donor site is consistent with the expectation that Zostera species
can quickly recolonize small harvested plots and with reports of relatively rapid Z. muelleri
meadow recovery following heavy grazing by dugongs (Peterken & Conacher 1997) and
simulated patch grazing by black swans (Dos Santos et al. 2013). In the present study
the photo record for the donor plots suggests that they were probably recolonised vegetatively rather than via germination of seeds.
While the plant cover results indicated no significant change in plant abundance across
the wider donor site during the trial, there was a significant reduction in plant biomass. In
contrast, biomass at the transplant site steadily increased. These results may indicate that a
local scale change detrimentally affected growing conditions at the donor site with aboveground biomass affected initially, followed by a subsequent decline in below-ground
biomass, presumably because there was insufficient photosynthetic capacity to support
below-ground respiration. Prior to the decline of below-ground biomass in Year two,
the below- to above-ground biomass ratio was relatively high compared to other times
during the trial and compared to the transplant site (i.e. 19 c.f. <10). Below- to aboveground biomass ratios <10 are typical for this species (e.g. McKenzie 1994; Turner &
Schwarz 2006; Matheson & Schwarz 2007).
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Biomass decline at the donor site does not appear to be related to any detrimental
change in irradiance or water quality. Irradiance was comparable between the first and
second years of the trial at both sites and, overall, irradiance levels were more suitable
for plant growth at the donor site relative to transplant site. At both sites average irradiance was adequate for Z. muelleri growth, being within or above the range reported to
saturate photosynthesis in this species (182–242 µmol m−2 s−1; Flanigan & Critchley
1996; Schwarz 2004) while also being well below photoinhibitory levels (>600–
700 µ mol m−2 s−1; Schwarz 2004). Water quality was generally similar between years
and sites. TDP concentration was lower in the second year of the trial but at both sites
(Year 1: 15 µg L−1, Year 2: 9 µg L−1), so this does not account for the decline in
biomass that was only observed at the donor site. We also cannot rule out the possibility
that the biomass decline is an artefact of the destructive sampling method used as the same
locations were sampled each time.
In conclusion, this study has shown that transplantation of the seagrass Z. muelleri to
an intertidal sandflat can successfully enhance plant cover in the longer term (at least 2
years). Equally successful transplant methods were unanchored sprigs and sods but planting sprigs amongst mats of artificial seagrass was not viable. Recovery of plant cover in the
donor meadow was relatively rapid. Overall, this study indicates that enhancement of
degraded Z. muelleri meadows via transplantation is possible, provided transplant site
conditions are suitable for growth.
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