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INTRODUCTION

The recent development of plastic hanging basket
technology for the aquaculture of oysters is rapidly
replacing more traditional techniques, such as rack
and rail technology, which is widely used in many oys-
ter-growing regions of the world, including France,
Australia and New Zealand. Rack and rail techno -
logy usually consists of a pair of parallel wooden rails
suspended in the intertidal zone by posts driven into
the seabed at regular intervals, usually in shallow
and sheltered areas of the coast. The racks are laid
across the rails, and most often consist of wooden or
plastic sticks on which the cultivated oysters are
attached. The racks can also be used to support large
mesh trays or flat bags of loose oysters, especially

where single-seed oysters from a hatchery are culti-
vated. In contrast, the hanging basket technology
consists of horizontal wires stretched between posts
driven into the seabed; a series of small mesh baskets
containing oysters are suspended from the wires.
One of the advantages of this farming method is that
it allows oyster aquaculture in deeper, more exposed
areas, often further from the shore, that were previ-
ously unavailable for this activity using the rack and
rail aquaculture technology.

There are a number of studies that indicate that
oyster aquaculture can impact the marine environ-
ment by modifying the water quality, water clarity,
and the suspended and benthic sediments (reviewed
by Forrest et al. 2009). This may be the result of a
combination of factors, such as physical structures
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affecting the flushing capacity of an area, accumula-
tion of shell litter, debris, and associated organisms,
biodeposition, contamination, physical disturbance,
and shading (Forrest et al. 2009). Of some interest is
the impact of oyster aquaculture on benthic seagrass
habitats, which are widely regarded as ecologically
important habitats in shallow coastal waters (Cos -
tanza et al. 1997, Turner & Schwarz 2006).

Seagrass beds are generally associated with high
primary production, supporting numerous detritus-
based and herbivore-based food weds, trapping and
stabilising bottom sediments, nutrient cycling be -
tween the benthic sediment and the water column, as
well as providing physical refugia for many mobile
organisms (Turner & Schwarz 2006). Subtidal sea-
grass is an important nursery habitat for a variety of
species (Nagelkerken et al. 2001, Cocheret de la
Morinière et al. 2002), including snapper Chryso -
phrys auratus, which is one of New Zealand’s most
important commercial and recreational fisheries spe-
cies. The loss of seagrass beds has been implicated in
a decline in the environmental carrying capacity for
snapper over the past 100 yr (Morrison et al. 2009).

The morphology of the seagrass Zostera muelleri is
highly variable, with leaves varying in length and
width throughout its natural range in New Zealand.
Zostera muelleri has narrow, translucent leaves with
a blunt leaf tip; the leaves have distinct longitudinal
veins with cross veins at right angles to the longitudi-
nal veins. The root and rhizome system of this species
is extensive and usually buried <15−20 cm below the
sediment surface. This extensive basal structure allows
the plant to rapidly expand through vegetative growth
and to regrow quickly from the basal structure if the
leaves are removed or smothered (Turner & Schwarz
2006).

In New Zealand Zostera muelleri is perennial, and
spring and summer are typically a time when light
supply is high, associated with the accumulation of
carbon reserves (Collier et al. 2009) and growth in
this seagrass (Turner & Schwarz 2006). Winter is typ-
ically a time when light supply is reduced, which
may result in seagrass patches contracting depend-
ing on the severity and duration of light limitation
(Longstaff & Dennison 1999). Seagrass has been
shown to respond to light limitation by increasing
chlorophyll (chl) a and b contents, increasing photo-
synthetic efficiency, and reducing biomass, shoot
density and growth (Abal et al. 1994, Czerny &
 Dunton 1995, Longstaff 2003, Bité et al. 2007).

The growth, survival and depth to which seagrass
can grow is determined by a combination of factors,
such as light availability, nutrients, sediment charac-

teristics, temperature, water movement, and tidal
regime and associated exposure periods (Turner &
Schwarz 2006). Traditional rack and rail technology in
oyster aquaculture has been found to have significant
impacts on seagrass beds in studies conducted in the
USA and Australia. It has been suggested that this is
primarily due to shading or scouring (Everett et al.
1995, Madigan et al. 2000). There is some initial evi-
dence that the impacts on seagrass from hanging bas-
ket aquaculture technology may be less than for rack
and rail production methods (Madigan et al. 2000,
Crawford et al. 2003). Hanging basket technology has
been found to result in 68% less shading than rack and
rail production methods (Madigan et al. 2000), and
dense beds of seagrass have been observed growing
under hanging basket technology (Crawford et al.
2003). The development of a hanging basket oyster
farm over areas of subtidal seagrass Zostera muelleri
in the Kaipara Harbour in northern New Zealand pro-
vided an opportunity to examine the potential im pacts
of this new aquaculture technology on seagrass.

A number of studies have successfully assessed
variation in the spatial extent of mapped beds of sea-
grass in relation to coastal activities or environmental
changes (Young & Kirkman 1975, Kendrick et al.
2002, Zharikov et al. 2005, Lathrop et al. 2006, Orth
et al. 2006). It is possible to assess the variation in the
spatial extent of mapped beds of seagrass in relation
to the hanging basket oyster farm in the Kaipara Har-
bour because aerial photographs were taken of the
site for 3 yr before and 2 yr after the development
of the oyster farm in 2008. A potential drawback of
using aerial photographs to assess changes in the
extent of seagrass beds due to oyster farming is that
the area directly beneath the oyster farm structure is
ob scured in aerial images. This area could also be
considered the area where impacts from oyster farm-
ing on seagrass are most likely to occur, such as from
shading or scour by farm structures. Therefore, in
order to effectively determine the effect of oyster
aquaculture on seagrass using aerial photographic
mapping, complimentary field sampling was used to
determine potential impacts of oyster aquaculture on
seagrass directly beneath the farming structure.

MATERIALS AND METHODS

Site location

The oyster farm is on an intertidal sandbank in the
southern arm of the Kaipara Harbour, New Zealand
(36° 25’ 41.39’’ S, 174° 18’ 46.70’’ E) (Fig. 1). The sand -
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bar at its highest point is 0.4 m above the lowest
astronomical tide (LAT) and is adjacent to a harbour
channel which runs from southeast to northwest and
has a maximum depth of 3.6 m LAT. The sandbank
and the shallower margins of the channel are vege-
tated with patches of the only seagrass species found
in New Zealand waters, Zostera muelleri. The de -
velopment of the oyster farm began in 2008, and by
2010 the farm covered ~11 ha in a rectangle running
parallel to the channel. The farm uses hanging
 basket technology for the aquaculture
of Pacific oysters Crassostrea gigas,
whereby plastic baskets containing
Pacific oysters are hung, using clips
or hooks, from growout lines of plas-
tic-coated wire stretched between
posts driven at 3.2 m intervals into the
seabed (Fig. 2). Five parallel growout
lines of wire are spaced 20 m apart
and run perpendicular to the channel
and across the sandbank for about
200 m. The farm is serviced from
the water by a specialised barge, en -
abling workers to access baskets
without trampling seagrass below.

Area of seabed occupied by seagrass

Aerial photographs at approximately
1:7000 Ground Sample Distance (GSD)

were collected on 3 May 2006, 24 March 2007, 17
March 2008, 24 March 2009, and 4 June 2010 by the
oyster farming enterprise (Biomarine Ltd) as part of
their environmental monitoring. The photographs
had a resolution of 0.1 m and were taken at low tide
during calm water conditions so that seagrass beds
were clearly visible. The photographs were then
uploaded and georeferenced in Manifold GIS soft-
ware against known GPS coordinates taken in the
field. The oyster farm was constructed between 2008
and 2009, with construction commencing immedi-
ately after the 17 March 2008 aerial photograph was
taken and completed and operationalised before the
24 March 2009 photograph. Therefore, aerial photo-
graphs from 2006 to 2008 and from 2009 and 2010
represented before and after conditions at the study
site, respectively.

An oyster farm zone was designated as the area be-
neath and in between the growout lines of the oyster
farm that were within the known depth range for
 seagrass growth and survival for this region of the
Kaipara Harbour (Bulmer 2011) (Fig. 1). The area of
the sandbank adjacent and to the southeast of the oys-
ter farm zone with the same depth range was desig-
nated as the control zone (Fig. 1). The control zone
was further divided into a series of 5 adjacent sub-
zones, each of a similar area to the oyster farm zone,
i.e. approximately 19 000 m2 (Fig. 1). The outline of all
patches of seagrass within the oyster farm zone and
each control sub-zone were then carefully traced in
Manifold GIS and the total area of seagrass within
each zone was calculated. The area directly beneath
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Fig. 1. Aerial photograph taken on 4 June 2010 of the study
site within the Kaipara Harbour, New Zealand. Sandbank
showing location of oyster farm zone and 5 control zones for
analysis in Manifold GIS, with superimposed bathymetry
(contour lines every 0.1 m; positive values: above lowest 

astronomical tide)

Fig. 2. Schematic setup of hanging basket oyster farming showing the baskets
containing Pacific oysters Crassostrea gigas that are attached using clips or
hooks from growout lines of plastic-coated wire stretched between posts 

driven at 3.2 m intervals into the seabed
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the oyster farm growout lines was not considered in
the analyses because the farm structure obscured the
seafloor in the aerial photographs which prevented
accurate measurement of seagrass coverage for these
areas. In total, this area represented less than 5% of
the entire oyster farm zone that was assessed. Sea-
grass mapping was repeated for each of the 5 aerial
photographs of the farm site taken over the 4 yr pe -
riod. Changes in the total area occupied by seagrass
for each zone were measured by comparisons be-
tween successive photographs taken each year. Mea -
sured changes between subsequent years were calcu-
lated as proportions because the growth of  seagrass
patches is primarily through vegetative propagation
(Turner & Schwarz 2006), and therefore changes in the
size of seagrass patches over time are greatly influ-
enced by the initial patch size. Concomitantly, as more
of the seabed is occupied by seagrass, it leaves a de-
creasing amount of unoccupied area potentially avail-
able for expansion by seagrass in the following year.

Seagrass directly beneath oyster farm structure

Field sampling of seagrass was undertaken to
determine possible effects of the oyster farm on the
cover of seagrass directly beneath the growout lines
that was obscured in the aerial photographs. On
14 January 2011 the percentage cover of seagrass
was measured at 1 m intervals along each of the
5 growout lines, i.e. 1000 samples in total. Percentage
cover of seagrass was measured by placing a 25 ×
25 cm quadrat directly beneath the growout line,
and the percentage cover of seagrass within the qua -
drat was estimated according to the following 6 cate-
gories; 0, 0 ≤ 5, 6−25, 26−50, and 51−75% of seagrass
cover, which were represented as the median values
of their percent cover ranges, respectively, i.e. 0, 2.5,
15.5, 38, 63, and 88%. In addition, the same sampling
methodology was undertaken along the mid-line
between each parallel pair of growout lines, i.e. 10 m
from each line.

Cover of seagrass from the quadrat sampling in the
field was also compared to further analyses of the set
of historical aerial photographs of the farm site. For 2
of the aerial photographs taken prior to the construc-
tion of the oyster farm (i.e. 24 March 2007 and 17
March 2008), lines corresponding to the positions of
the growout lines were drawn in manifold GIS and
then sampled at 1 m intervals to determine cover of
seagrass. The same procedure was repeated along
the mid-line between each parallel pair of growout
lines for all 5 of the annual aerial photographs.

Data analyses

Two statistical methods were used for analysing
the results. The Friedman repeated measures analy-
sis of ranks was conducted with Sigmaplot software
(Systat software) and Pearson’s chi-square with SPSS
Statistics (version 17.0).

A Friedman repeated measures analysis of ranks
was used to detect any significant differences (α =
0.05) in the proportional change in area occupied by
seagrass among all zones for years 2009 and 2010,
following the construction of the oyster farm.

To determine whether the proportions of seagrass
cover in the categories measured by the quadrats
(0%, 0 ≤ 5, 6−25, 26-50, and 51−75%) were different
directly beneath oyster farm lines versus in between
the growout lines, the quadrat data for each were
compared with a Pearson’s chi-square test.

Pearson’s chi-square goodness-of-fit test was used
on the pooled number of points along lines drawn in
Manifold GIS positioned equidistant between oyster
farm lines 1 to 5 (2010 aerial photograph) with and
without seagrass present, and the pooled number of
quadrats with seagrass present between Rows 1 to
5 in the 2011 field survey. This analysis was used
to detect whether significant differences existed be -
tween the proportion of lines with seagrass present in
2010 aerial photograph analysis and the 2011 field
sampling. Separate comparisons were conducted be -
tween the aerial photographs for the years 2007 and
2008 and the 2011 field data, for the 2 sets of quadrat
data from directly beneath and in between the grow -
out lines.

Data from beneath growout line 5 was excluded
from all statistical comparisons as the growout line
had been damaged and had not been used for
 farming oysters in the prior 6 mo (approximately) (D.
Dolli more, Biomarine Ltd, pers. comm.).

RESULTS AND DISCUSSION

While detecting changes in seagrass beds over
time using aerial and satellite images is not new, this
technique has only recently been used to detect
impacts of oyster farm aquaculture on seagrass (Bar-
illé et al. 2010, Martin et al. 2010). One of the prob-
lems with such an assessment is that oyster farm
structures obscure the aerial view of seagrass di -
rectly beneath farm structure, where the potential
impacts from oyster farm aquaculture on seagrass,
such as from shading or scour, could be anticipated to
be at their maximum. In the present study we have
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addressed this problem by directly measuring the
distribution of seagrass Zostera muelleri directly
beneath oyster farm structures by field sampling in
addition to analysing aerial photographs to deter-
mine the impact of hanging basket oyster aquacul-
ture technology on seagrass.

Area of seabed occupied by seagrass

The total area covered by seagrass within the oys-
ter farm zone increased between the consecutive
aerial photographs from 2006 to 2010 (Table 1). In the
2008 photograph immediately prior to the oyster farm
construction, seagrass occupied 610 m2 (3.1%) of the
total area of the oyster farm zone, and in the 2010
photograph after the farm had been in operation for
over a year, seagrass had expanded to occupy a total
of 2537 m2 (12.8%) of the zone. The total seagrass
cover in all 5 control zones also increased over this
period (Table 1).

Of all the 6 measured zones, control zone 2 con-
tained the largest total area of seagrass in all years,
ranging from 8640 m2 in 2006 to 7033 m2 in 2010, or
43.4 to 35.3% of the total area of the zone, respec-
tively. In comparison, seagrass cover in the oyster
farm zone ranged from 24 m2 in 2006 to 2537 m2 in
2010, or 0.1 to 12.8%, respectively of the total area of
the oyster farm zone (Table 1).

Prior to the oyster farm being constructed, there
was a considerable increase in seagrass cover within
the oyster farm zone from 2006 to 2007 (20.1 times
the total seagrass cover) while all the other control
zones contracted (0.3 to 0.9 times the total seagrass
cover). From 2007 to 2008 the increase in seagrass
cover within the oyster farm zone (1.3 times the total
sea grass cover) was comparable with the control
zones (which ranged from 0.9 to 1.1 times the total
seagrass cover). There was an increase ranging from
0.9 to 2.4 times the total seagrass cover in each of the
6 zones from 2008 (aerial photograph taken immedi-
ately prior to the con struction of the oyster farm) to
2010 (farm had been in place for over a year). No sig-
nificant difference was detected among the propor-
tional change in total seagrass cover in all zones from
2008 to 2009 and 2009 to 2010 (χ2 = 10, df = 5,
p >0.05; Table 1)  following the development of the
 oyster farm.

These results are consistent with other studies that
have investigated the impact of oyster farming on
seagrass beds using remote sensing methods. For
example, analyses of satellite images and aerial pho-
tographs of seagrass beds in France found that there

was no impact of Pacific oyster Crassostrea gigas
farms (both traditional and hanging basket technolo-
gies) on the adjacent area of seagrass (Zostera noltii
and Zostera marina) (Barillé et al. 2010, Martin et al.
2010). However, neither study examined the area
directly beneath oyster farm structures which is
obscured when using overhead remote sensing
methods. This is a major drawback of the validity of
these techniques be cause potential impacts, such as
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Zone (area) Year Seagrass cover Annual 
(m2) (%) change

Oyster farm (19 799 m2)
Pre-farming 2006 23.5 0.1

2007 473 2.4 20.1
2008 610 3.1 1.3

Post-farming 2009 1285 6.5 2.1
2010 2537 12.8 2.0

Control 1 (19 602 m2)
Pre-farming 2006 1583 8.1

2007 498 2.5 0.3
2008 530 2.7 1.1

Post-farming 2009 1200 6.1 2.3
2010 2914 14.9 2.4

Control 2 (19 923 m2)
Pre-farming 2006 8640 43.4

2007 5496 27.6 0.6
2008 5202 26.1 1.0

Post-farming 2009 5519 27.7 1.1
2010 7033 35.3 1.3

Control 3 (19 019 m2)
Pre-farming 2006 1972 10.4

2007 717 3.8 0.4
2008 640 3.4 0.9

Post-farming 2009 923 4.9 1.4
2010 1786 9.4 1.9

Control 4 (19 425 m2)
Pre-farming 2006 2434 12.5

2007 1645 8.5 0.7
2008 1759 9.1 1.1

Post-farming 2009 2070 10.7 1.2
2010 2893 14.9 1.4

Control 5 (19 838 m2)
Pre-farming 2006 1174 5.9

2007 1009 5.1 0.9
2008 1075 5.4 1.1

Post-farming 2009 1531 7.7 1.4
2010 2503 12.6 1.6

Table 1. Zostera muelleri. Changes in total cover of seagrass
within the oyster farm zone and 5 control zones as assessed
from aerial photographs. Annual change: proportional
change, i.e. total seagrass cover (m2) devided by previous
year’s total seagrass cover (m2). Percent cover: total cover of 

seagrass as % of total available zone area
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shading or scour caused by oyster farm structures,
may be anticipated to be at their maximum within
this area, and therefore associated effects on sea-
grass are most likely to be detected in this area.

Seagrass directly beneath oyster farm structure

As the effect on seagrass directly beneath oyster
farm structures was not detectable in aerial photo-
graphs, field sampling of the farm site was conducted.
The sampling showed that seagrass is capable of
growing directly beneath hanging basket oyster farm
structures, with seagrass present in an average of
11.2% ± 3.87 SE of the quadrats sampled directly be-
neath oyster farm growout lines (Fig. 3). In contrast,
seagrass was present in significantly more quadrats
in between oyster farm lines (mean ± SE, 31 ± 9.65 %;
χ2 = 82.97, df = 1, p < 0.01; Fig. 3). In addition, the
mean percent cover of seagrass growing directly be-
neath oyster farm lines was found to be significantly
less than that of seagrass found growing in between
lines (1.27 ± 0.15 % compared to 6.5 ± 0.32%, respec-
tively; χ2 = 101.32, df = 4, p < 0.01; Fig. 4).

In a comparable study investigating the impact of
hanging basket oyster farming on seagrass in Murat
Bay, Australia, no detectable difference among sea-
grass (Posidonia australis) biomass directly beneath
and in between oyster farm growout lines and at con-
trol sites outside of the farm were detected (Madigan
et al. 2000). Similar findings were documented in a

study investigating the effects of hanging basket sub -
tidal oyster (Crassostrea gigas) farming on the ben-
thic environment in Tasmania, Australia, with analy-
ses of video transects directly beneath oyster farm
structure suggesting that the impact on 2 species of
seagrasses (Heterozostera tasmanica and Halophila
australis) was minimal (Crawford et al. 2003).

In comparison, in the present study in the Kaipara
Harbour, the overall proportion of the area directly
beneath the oyster farm structure occupied by sea-
grass in 2011 as assessed by field sampling (seagrass
present in 98 out of 800 quadrats) was found to be sig-
nificantly higher than in 2008, as assessed by ana lysis
of aerial photographs (seagrass present in 24 out of
800 quadrats; χ2 = 48.59, df = 1, p <0.01; Fig. 5). A sig-
nificant increase in total area occupied by seagrass
from 2008 to 2011 was also measured for the area in
between oyster farm growout lines by using analysis
of aerial photographs and field sampling methods
(seagrass present in 27 out of 800 quadrats in 2008,
and 248 out of 800 quadrats in 2011; χ2 = 214.47, df =
1, p < 0.01; Fig. 5). Together these results suggest that
the extent of seagrass increased both directly beneath
and in between oyster farm growout lines following
farm construction in 2008−2009, and this was consis-
tent with a longer term trend over 5 yr for increasing
seagrass in this area, including the areas of seabed
outside the farm that were monitored.

In the present study it appears that hanging basket
oyster aquaculture technology has not resulted in a
reduction in the overall area of seagrass beneath the
farm; however, it is possible that the observed area-
wide increases in seagrass have been impaired in the
narrow band directly beneath oyster farm lines. For
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example, in 2008 when the oyster farm was being
developed, the number of samples with seagrass
present was not different beneath and in between
oyster farm growout lines (seagrass present in 24 out
of 800 quadrats beneath lines, and 27 out of 800 in
between lines). However, by 2011 significantly more
samples had seagrass present in between oyster farm
lines (248 out of 800) than beneath oyster farm lines
(98 out of 800)(χ2 = 82.97, df = 1, p < 0.01).

It is possible that favourable environmental condi-
tions from the time the oyster farm was established,
such as relatively mild weather patterns, resulted in
the trend of seagrass patch expansion throughout the
farm and the control zones observed in this study.

Seagrasses have been shown to be susceptible to re -
duced light associated with pulsed turbidity events,
such as flooding, and seasonal variation in light avail -
ability (Longstaff & Dennison 1999). During periods
when light availability is limited, further reduction
due to shading by oyster farm structure may result in
greater impacts on seagrass than that observed in the
present study. Seasonal differences in seagrass patch
expansion or contraction may also explain some of
the difference observed in seagrass cover among
 aerial photographs and between aerial photographs
and field survey results.

CONCLUSIONS

This study shows that hanging basket oyster farm
technology has no impact on seagrass distribution,
other than in a narrow band directly beneath the oys-
ter farm structure, which represents less than 5% of
the total farm area. These minimal impacts on sea-
grass were probably due to shading or scour caused
by oyster farm structures. Remote sensing was found
to be a useful tool for examining the potential impact
of the aquaculture activity on the seagrass, especially
when used in combination with field sampling to
examine those areas obscured by farm structures.
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